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Passenger Compartment Air Filter Test Code

Foreword—The following Passenger Compartment Air Filter Test Code has been established to,cavier particulate air
filters used in automotive interior ventilation systems.

The objective pf this procedure is to maintain a uniform test method for evaluating filter performance
characteristics of particulate air filters on specified laboratory test stands.

The performance characteristics of greatest interest are pressure drop (or airflew-restriction), overgall and fractional
efficiencies, and| holding capacity for airborne particles.

The data collecied according to this test code can be used to establish performance charactgristics for filters
tested in this manner. The actual field operating conditions, including contaminants, humidity, temperature,
mechanical vibration, flow pulsation, etc., are difficult to duplicate; however, with the procedure arld equipment set
forth, comparison of air filter performance may be made with a’high degree of confidence.

1. Scope—This SAE Recommended Practice describes‘laboratory test methods to measure filjer performance.
Performancg includes, but is not limited to, air flowtéstriction or pressure drop, overall and fraqtional efficiency,
holding capIcity for airborne particles, and air filter structural integrity.

1.1 Purpose—The purpose of this test code(is to establish and specify consistent test proceddires, conditions,
equipment, and performance reports t@ enable comparison of filter performance of particulate pir filters used in
automotive interior ventilation systems.

2. Referenceg

2.1 Applicable Publications~=The following publications form a part of the specification to the [extent specified
herein. Unlg¢ss otherwise indicated, the latest revision of SAE publications shall apply.

2.1.1 SAE Puslcarion“~—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096{0001.

SAE J726—Air Cleamner Test coue

NOTE—SAE J726 the volume flow that would exist if the temperature and pressure were standard. If the
only characteristic to be measured is the filter resistance, then it may be convenient to use the
methods of SAE J726.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”
SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.

Copyright ©2002 Society of Automotive Engineers, Inc.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER: Tel: 877-606-7323 (inside USA and Canada)
Tel: 724-776-4970 (outside USA)
Fax: 724-776-0790
Email: custsvc@sae.org

SAE WEB ADDRESS: http://www.sae.org


https://saenorm.com/api/?name=8629203dcfeedb56bb89d74cdf98b911

SAE J1669 Cancelled OCT2002

2.1.2

2.1.3

2.1.4

2.2

2.3

3.1

3.2

3.3

3.4

ASME PusLIcaTIoON—Available from ASME, 345 East 47 Street, New York, NY 10017-2330.

ASME F

luid Meters, Sixth Edition

ASTM P uBLICATION—AVvailable from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM F 328—Practice for Determining Counting and Sizing Accuracy of an Airborne Particle Counter
Using Near-Monodispersed Spherical Particulate Materials, Annual Book of ASTM Standards, Vol.
10.05, 1989

IES PusLIicATION—AVvailable from Institute of Environmental Sciences, 940 East Northwest Highway, Mt.

0006
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flow rate sha

Pressure Lass=—Permanent pressure drop due to decrease of flow energy caused hy the air|

|=Saviviviwiv

-CC007.1—Testing ULPA Filters

t of this document.

arple, K. L. Rubow, and S. M. Behm, “A Micro-orifice Uniferm Deposit Imf
Cription, Calibration, and Use,” Aerosol Sci. Technol,, Vol. 14,\pp. 434-446, 1991
6 Blatt1:1975, Messen von Partikeln; Staubmessungefy in stromenden Gasen;
immung der Staubbeladung; Ubersicht.

imetrische Bestimmung der Staubbeladung; Filterkopfgerate (4m3/h, 12 m8/h).
banten and E.J. Gannon, ‘In-Duct Measurement ‘of Particulates,” Filtration and S
1987, pp. 328-336.

Box, W.G. Hunter and J.S. Hunter, Statistics for Experimenters: An Introduction
ysis, and Model Building, John Wiley &Sons, NY, 1978.

mowitz and I.A. Stegun, Handbook™ of Mathematical Functions with Formulg
hematical Tables, Dover Publicationis, Inc., NY, 1972.

Cations

brple and K. L. Rubow;\“Aerodynamic Particle Size Calibration of Optical Partig
sol Sci., Vol. 7, pp(425-433, 1976.

W Rate—=~A’measure of the quantity of volume of air drawn through the air filter p¢
Il be€xpressed in actual cubic meters per hour.

ly and are not a

actor (MOUDI):

Gravimetrische

b6 Blatt 2: 1989, Messen von Partikeln; Manuélle Staubnessung in stromenden Gasen;

eparation, Sept/
to Design, Data

s, Graphs, and

le Counters,” J.

br unit time. The

filter (kPa).

Pressure Drop—Difference in static pressure measured immediately upstream and downstream of the air
filter (Pa at standard conditions).

Fractional Efficiency, Ek—The ability of the air filter to remove airborne particles of a specified size. See

Equation 1.

Cyi—Cyi
Ep% = ———21x100
Cii

C,; = concentration of particles of specified size, i, in the influent
C,; = concentration of particles of specified size, i, in the effluent

(Eq. 1)
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3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14

Gravimetric Efficiency—The ability of the air filter to remove contaminant. As used in this test code, it is the
cumulative mass efficiency during the life of the filter from the initially clean filter to the specified maximum filter
pressure drop as it is loaded with SAE ultrafine test dust. This is expressed by Equation 2:

Gravimetric efficiency,% = (Eg. 2)

Increase of weight of air filter under test 0
Increase of weight of air filter under test + increase of weight of absolute f|Iter

Initial Fractional Efficiency—The initial fractional efficiency of a clean air filter under test to remove patrticles
from air flowing through it. As used in this test code, it refers to the efficiency before the collected aerosol has
any measurable effect on the efficiency of the filter under test. The collected aerosol can affect the measured
filter efficienpy before enough aerosol is collected to affect the filter pressure drop.

Penetration], P—The ratio of the number of particles or mass of particles of specified Size exiting the filter per
unit time to the number of particles or the mass of particles of specified size entefing the filter per unit time
expressed in a percentage as shown in Equation 3:

where:
E = Effigiency

Dust-holdinjg Capacity—The mass of dust collected by the filter at the specified terminal pressure drop in
grams.

Hydraulic Diameter (Dj,)—4 x (area of cross-flow segtion)/(duct perimeter)

Particle Colinter—A particle sizing and counting device.

Test Aerosql— Particles suspended in air{used for filter efficiency or capacity evaluation.
Aerosol— Pprticles suspended in air.

Sampling Apparatus—Sampling probes, sampling lines, and any valves, fittings, or other deyices which may
be installed petween the sampting probes and the aerosol measuring device.

Correlation|Ratio—Tghe ratio of the number or mass of aerosol observed at the downstream spmpling location
to the numbegr or mass of aerosol at the upstream sampling location. This number may be grefater or less than
1.0. Correldtion_ratio may be used in the calculation of filter efficiency as per Appendix A and is defined
according tol Equation 4:

0.c o ¢ (Eq. 4)
where:
R, = observed (calculated) correlation ratio

D, ¢ = quantity of aerosol observed downstream with no filter installed
U, ¢ = quantity of aerosol observed upstream with no filter installed
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4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

51

Measureme

Air flow rate

nt Accuracy

and air velocity, within 2% and 5%, respectively, of the specified value.

Pressure drop and restriction within 2% of the reading.

Temperature within 2 °C of the specified value.

Weight within 0.1% of the actual value, except where noted.

Absolute filtgrte-8-84¢-
Relative humidity within 2%.

Barometric
Aerosol con

Aerosol unif

Test Materials and Conditions

Test dust fo
analysis (Ta]

ressure within 300 Pa.
Centration upstream of the test filter within 10% of specified value;

brmity in the mixing chamber during fraction efficiency test within 10% of the actua

dust-holding capacity and gravimetric efficiency; shall be SAE “Ultrafine.” The fg
ble 1) is typical:

TABLE 1—CHEMICALE*ANALYSIS OF TEST DUST

Chemical % of Weight

| value.

llowing chemical

SiO; 65-76
Al,O3 11-17
Fe,03 2.5-5.0
Naz0 2-4
CaO 3-6
MgO 0.5-1.5
TiO, 0.5-1.0
V203 0.10
ZrO 0.10
BaO 0.10
Loss on Ignition 2-4

Before a test, the test dust shall be mixed in a specified container for a minimum of 15 min. This test dust shall
be dried to a constant mass at a temperature of 105 °C + 15 °C. The test dust shall then be allowed to become
acclimatized to a constant mass under the prevailing test conditions.

NOTE—To ensure a constant rate of dust feed with some dust feeders, it may be necessary to heat the dust

prior to its being fed to the injector.

The patrticle size distribution by volume as specified by SAE J726 shall be as follows in Table 2.
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5.2
5.3 AbsoluteFi
during the tg
less than or
5.4 Temperatur
20 °C +£5 °(
5.5
8h, 38 °C +
adjust to rog
not less tha
6. Test Equipn
6.1 Test Stand
6.1.1 TEST-STAN
stand shal
shall be d
supply, flo
stand whi
acceptable
requester.
6.1.2 TEST-STAN
be validate
and in 8.2
6.1.2.1

TABLE 2—PARTICLE SIZE DISTRIBUTION BY VOLUME, %

Size Ultrafine Grade
(microns) (% greater than)
2.0 85-88
3.2 65-71
5.0 26-34

10 0-2

Aerosol for Special Tests—Mono- or polydisperse latex or lycopodium and other aerosols may be used for

tests performied on the Tilter on user request.

the particulate passed by the test filter. A HEPA-type filter is also used to clean airprovided
st with submicron particles using particle counters. Maximum penetration for this filter shall be

Air-Filter Conditioning—Prior to the test, test filters shall be subjected to a temperature of

ter—A high-efficiency particulate air (HEPA) type filter downstream of thefilter ur]

equal to 0.03% for 0.3 mm particles.

e and Humidity—All tests shall be conducted with air entering the air filter at 3
and a relative humidity of 55% + 15%.

5 °C and humidity of 90% * 5% for 8 h, and - 40 °C\+'5 °C for 8 h. The filters und
m temperature between cycles. After the final ¢yele, the filter shall be stabilized t
5 h.

hent

D CONFIGURATION—The teststand shall meet the performance requirements of
consist of a conductive and/grounded vertical test section with test-filter mounting
bsigned to minimize patticle loss. It shall include equipment or apparatus for air
W measurement, pressure-drop measurement, and aerosol introduction and sam
Ch is configured(in—accordance with Figure 1 and meets the requirements o
 for this test standard. In all cases, any deviations must be arranged between th

D PERFGRMANCE—Test-stand performance must meet the requirements of this §
bd as-part of the overall test system (test stand and associated equipment) as de
Validation information shall be recorded in a standard format and made availab

der test to retain
to the test stand

| temperature of

BO °C + 5 °C for
er the test are to
p test conditions

6.1.2. The test
framework, and
conditioning and
pling. Each test
f 6.1.2 shall be
e tester and the

ection and shall
tailed as follows
le to requesters.

System validation shall be performed at least once per year.

Air Conditioning and Supply—Provisions should be made to maintain temperature and humidity of the test

air in accordance with 5.4. Prior to mixing with test aerosol, air should be cleaned to a level of less than
5% of the challenge aerosol concentration at all particle sizes. Use of HEPA filtration is recommended.
The system shall demonstrate the ability to maintain these conditions over the period of time required to
complete a filter evaluation.

The system must be capable of delivering the user-specified flow, +10%. Further, it must be capable of
maintaining this flow for the duration of a test. This flow typically will be in the range of 50 to 680 m 3/h with
filter pressure drop up to 1000 Pa. The system may operate at either positive or negative pressure,
provided it meets the requirements of 6.1.2.
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Mixer/Diffuser
— = 1 1
Test Aerosol Test Section |
Injection —¥» | 1
, |
I - i Particlg Measurement
Test Filter Pressure Drop Device
| | 1
! l
I l
HEPA
Filter L |- — 1
|
Absolute Filter
Conditioned Air Flow Measurement Device

6.1.2.2 Flow Mgasurement—Flow shall besmeasured in accordance with 6.8 across the range of

‘ Exhaust Air

FIGURE 1—TEST-STAND CONFIGURATION

low as specified

in 6.1.2.[L. Flow-measurement'devices may be certified out of the test duct, provided that they are installed
in exact pccordance with the'mianufacturer's requirements. If no manufacturer's installation instructions are
available or if the flow-measurement devices are not installed according to them, they shall be calibrated in

place injthe test rig and'be traceable once removed to a standard calibrating source.

6.1.2.3 Pressurg¢-Drop Measurement—Pressure drop (differential pressure) across the test| filter shall be

These taps shall

be locatpd.inya’straight-sided test section which includes the filter under test and be pos|tioned not more

than on

measur}d with,a.differential pressure device connected to pressure taps in the test duct.

duct diameter (hydraulic) upstream and downstream of the test filter. The presspre taps shall be

of the static-pressure type and configured as in Figure 2.
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Suggested tubing size
3-7mmO.D. —___

Braze, weld, or solder

/ leak-tight

\ Drill opening (< 2 mm) after attaching

The pre
expecte

Aerosol
such aw
shall be
stability
concent

6.1.2.4

6.1.3 TEST-FILTH

of the filtd

approximgtes the actual holding frame for the application which shall be specified by the re

available,

6.2 Aerosol Sampling Apparatus—Test aerosolshall be sampled upstream and downstream o

test. The afq

performance
6.2.1 SAMPLING
20% and
Typically,
same prok
6.2.1.1 Sample
upstrear
be locat

R el | .
FitefacetoTremoveburrs:

tube:
FIGURE 2—PRESSURE TAP CONFIGURATION

ssure-drop instrumentation shall be capable of measuring the full range of
] for the test, plus 10%. Accuracy of measurement over this range shall be in accqg

Introduction and Mixing—Aerosol shall be introduced into the“duct and subsed
ay that a uniform mixture of test aerosol will be delivered to the filter under test. A
verified in accordance with 8.2. In certifying the test system, the uniformity, co
of the efficiency challenge shall be measured in accerdance with 8.2.1. In add
ation, and size distribution of the capacity challengeshall be verified in accordan

r coincident with the centerline of the duct™ The test filter shall be mounted

he filter shall utilize gasketing identicalto the production gasketing.

rosol may be drawn through the sampling apparatus into a particle counter or ot
of the sampling apparatus shall be evaluated as part of the test system in accorq

ProBES—Sampling_prabes shall be isokinetic (local velocity of duct and probe
positioned as defined)in 6.2.1.1. Examples of isokinetic sampling probes are sh
Hifferent sized probes will be required to match the velocity in duct at different test
e design shoeuld be used before and after the filter.

Probe Location—Sampling probes shall be located on the centerline of the
h probé-shall be located as close as possible to the filter under test. The downst
ba-such that a representative sample of test aerosol is obtained and that the req

pressure drops
rdance with 4.2.

uently mixed in
erosol uniformity
hcentration, and
ition, uniformity,
e with 8.2.2.

R MouNTING—The test filter shall be mounted-in‘the horizontal position with the geometric center

in a frame that
quester. Where

f the filter under
her device. The
ance with 8.2.

equal) to within
bwn in Figure 3.
conditions. The

test duct. The
eam probe shall
Lirements of 8.2

are met.

6.2.2

bends and static buildup to avoid particle losses.

SAMPLING LINES—Tubing leading to particle counters shall be as short as possible and minimize number of
The last may be accomplished by using electrically

conductive, grounded materials or choosing another material that has demonstrated good performance in

this area.

The use of valves and other restrictions should be avoided.
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(i) (ii) (i)

A Roz
7N
NEAYIN

45"

Dimensions

The intemal diameter of the sampling probe(should be selected with regard to the local velocity in the duct, and the sam
measuring equipmenfused. in the three examples shown, (i) shows a probe which has had its cross-section reduced at the

to increase probe sampling velocity; (i) shows a probe of constant cross-section design; and (jii) shows a probe with incr
decrease probe sampling velocity. dn_reducing or increasing probe cross-section, interior and exterior angles of the probe
overall design should minimize particle losses. (VDI 2066, 1975; VDI 2066, 1989, and Van Santen & Gannon, 1987—see Re!

FIGURE 3—EXAMPLES OF ISOKINETIC PROBES

6.3 Particle Ge

are in millimeters

pling flow rate of the
pling point in order
ed cross-section to
should be small, and
rence Section.)

| be capable of

producing a stable aerosol concentration and size distribution. The number of particles in each size range
must be sufficient for justifiable statistical evaluation. The aerosol generator shall meet the performance

requirements of 6.3.1.

A dust-feeding system consisting of a dust feeder and dust injector shall be used in dust-holding capacity tests.
The dust feeder shall feed dust at a continuous and uniform rate, with a stable-size distribution. The dust

injector is used to disperse dust into the test system and shall not change the airborne particle
The dust feeder shall meet the performance requirements of 6.3.2.

size distribution.
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6.3.1

6.3.2

AEROSOL GENERATOR FOR FRACTIONAL EFFICIENCY TESTS—Sodium chloride aerosol shall be used to
determine fractional efficiency. Other aerosols can be used as specified by the requester. One should
expect different results with different aerosols due to changes in particle-counter response to particle
refractive index, density, and shape.

The aerosol generator shall nebulize a saline solution to produce a homogeneous mist aerosol with stable
concentration and size distribution. The droplets must be dried to form solid salt particles using dry dilution
air, heat, or desiccant. The aerosol must be charge-neutralized according to 6.5 prior to introduction into the
test duct. The size distribution of the aerosol shall have sufficient particles in the range of 0.3 to 10 nm for
statistical evaluation within each size class. Typically, this will be a minimum of 1000 patrticles per size class
per sample. The total concentration of the aerosol in the test duct shall not exceed the limit of the particle
counter. A-eaximu-SY%—eoineidenee—erroris—alowedrparticte—eounteraceordingto84. The aerosol
concentration and size distribution shall be verified according to 8.2.1.

DusT DISPERSER AND INJECTOR FOR DUST-HOLDING CAPACITY AND GRAVIMETRIC EFFICIENCY TESTS—A  dust-
feeding syjstem consisting of a dust disperser and dust injector shall be used for dust-hold|ng capacity and
gravimetri¢ efficiency tests. The dust-feeding system shall produce an aerosolof’'SAE Ultrpfine dust with a
stable concentration &20% variation over time). The feed rate of the dust feeder shall| produce a dust
concentrafion in the test duct between 50 to 100 mg/m3. The dust-injector shall deflofculate the dust
particles grior to introduction into the test duct. If the dust disperseris ¢apable of defloc¢ulating the dust
particles, @ dust-injector nozzle is optional. The aerosol shall be charge-neutralized accordipg to 6.5 prior to
introductign into the test duct.

The size distribution of the dust in the test duct immediately,upstream of the test filter shall be specified in
Table 3. The aerosol-size distribution in the test duct shall be verified according to the procg¢dure in 8.2.2.

The dust [disperser shall be an open-tray or turntable venturi-suction feeder, a rotarytbrush feeder, a
fluidized-bed feeder, or other dust feeder capabledf producing the required test dust.

TABLE 3—PARTICLE-SIZE DISTRIBUTION BY MASS %
OF THE'TEST DUST IN THE TEST DUCT

Size Mass
(mm) (% greater than)
0.3 TBD

0.5 TBD

1.0 TBD

2.0 TBD

5.0 TBD

10 TBD
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6.4 Particle Counting and Analyzing Instrument—The airborne particle concentration and size distribution
upstream and downstream of the filter shall be measured either by an airborne particle counter or a cascade

impactor.

6.4.1

PArTICLE COUNTERS—The airborne-particle counter shall be capable of counting airborne particles used in

the efficiency tests in the 0.3 to 10 mm geometric or 0.5 to 15 nm aerodynamic diameter range, divided into at

least six particle size channels.

The last channel shall include particles 10 mm geometric or 15 nm

aerodynamic and larger. The particle counter shall be calibrated for both particle size and counting efficiency
over the specified range using the same particles used in the efficiency tests. The primary particle size
calibration with the test particles shall also be correlated to a secondary calibration with polystyrene latex
spheres per ASTM F 328. The polystyrene latex spheres shall be NIST (National Institute of Standards and

L kil

Technolo

concentra

particles.
6.4.1.1 Primary-
monodig
particles
diamete
be used

AN T Tk BHAR-REA Libeation + + HHaEHaE fhoionon, + + W= O
y ) aactaorts e pTary  canmorator teStS,— ottt g~ CmereTie y —tCStS—artc 1)

ion only need to be conducted once for each combination of particle count

Size Calibration—The airborne-particle counters may be calibrated for geom
perse particles of the same composition as used in the efficiency, test. For
, a vibrating orifice generator may be used to generate monodisperse particles
s larger than 0.5 nm from a water solution of sodium chloride. A-differential mobi
to generate geometric diameters of 0.3 nm and smaller fromithe sodium chloridg

in the efficiency test. The same calibration techniques may alse_be used for other comp

be dissd

The airh)
of the s&
aerosol
test part]

Ived in solvents. There is not an established method-fer’generating monodispers

orne-particle counters may also be calibrated far.aerodynamic size using heterod
me composition as used in the efficiency test..;The technique is based on measur
benetration through a series of calibrated impactor stages (see 2.1.5). The 50% c
cles in each impactor stage is used to corkelate with the indicated size on the par

is determined with polystyrene latex particles:'The particle counters are usually calibrat

with poly

6.4.1.2
polystyr
size cali
primary

6.4.1.3 Countin

styrene latex particles.

Secondary-Size Calibration—The airlborne-particle counters shall have a secondary

bne latex particles prior to System start-up and a minimum of once a year to verify
bration has not changed.* If the counter shows a change in the secondary-latex ca
calibration will also bé:¢hanged, and the counter should be serviced.

j-Efficiency Calibration—The counting efficiency of the particle counters shall b

The low
by com

the fractiomof*particles counted in the different size channels. Channels havin
may not’be-used in the filter tests. All counters have a lower size and an upper
y have-less than 50% efficiency.

r’particle size limit is due to the threshold signal approaching background. It ca

ximum particle
br and airborne

etric size using
sodium chloride
aving geometric
ity analyzer may
generator used
psitions that can
e test dust.

sperse patrticles
ng the fractional
it-off size for the
icle counter that
bd at the factory

calibration with
that the primary-
ibration then the

e determined to
g less than 50%
Size limit beyond

h be established

with the particle

counter with that obtained with a reference condensation nucleus counter. A differential mobility analyzer
is used to generate the different size monodisperse particles.

The upper particle size limit is due to particle losses due to gravity and impaction removing the large
particles in the counter-flow system prior to reaching the detector. This size limit can be determined by
comparing the concentration of different size monodisperse test particles as measured with the particle
counter with that obtained with a reference method. A vibrating orifice generator may be used to generate
the monodisperse large particles. The reference method may involve a filter or other device that has a

known s

ampling efficiency for the large particles.

-10-
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6.4.1.4

6.4.2

6.4.2.1

6.4.2.2

6.4.2.3

6.5

6.6

7.1

coincidence counting, i.e., counting more than one particle at a time. A recommen
establishing this limit is to conduct filter-efficiency tests at a series of different concentratio

Maximum Concentration—The maximum total particle concentration shall be established to prevent

ded method for
ns and compare

the results. The maximum concentration is determined at the point where the fractional efficiency at a

higher concentration shows a significant deviation from the fractional efficiency at a lower

CAscADE IMPACTOR—A cascade impactor may be used to measure the aerodynamic-siz
particles upstream and downstream of the filter. The cascade impactor shall be capab
airborne particles by aerodynamic size in the 0.5 to 15 mm diameter range, in a minimum of
channels.

shall be
upstream
upstream jJand downstream measurements. Filter clogging must be carefullyy, monitored
impactor hecause of the longer time required to obtain a measurable weight’on the impag
higher sensitivity of the piezoelectric detectors mitigates this problem.

determined to an accuracy of +5%. For the manual impactors, two impactors

monodigperse particles of oleic acid to which a fluorescent tracer, such as urane, has b
calibrating particles shall be generated by the vibrating. orifice monodisperse aerosol
calibratipn is only required once for a given impactor madel.

ParticleSticking Efficiency—Once the impactor has" been calibrated for spherical-ole
impactof will be calibrated for sticking efficiency ofithe non-spherical sodium chloride parti
conducted to determine the shift in aerodynamic size due to particle bounce and
Monodigperse particles of sodium chloride that are generated with the vibrating-orifice ge
in this tgst. This calibration is only required once for a given impactor model.

Impactof Degradation—The press@re drop across the impactor shall be monitored to ch
nozzle grosion or clogging during each test and from test to test. If there is a measy
pressure¢ drop, the impactor shall be serviced and recalibrated.

Aerosol Nelitralizer—Generated aerosols often obtain a high level of electrical charge du
shearing. Ir} the presenee of an electric field, highly charged particles readily deposit on the
tubing and ducts, and/€an enhance their filtration probability and bias the fractional-efficiency
the charge level, an-electrostatic or radioactive aerosol neutralizer shall be used immediat
aerosol gengratorefore injection into the test duct. A neutralizing is required for fractional-eff
optional for dust:holding capacity tests.

Aerodynamic-Size Calibration—The cascade impactor shall be<calibrated prior to syster
e

concentration.

e distribution of
le of separating
six particle-size

of the different
each impactor
ed particle mass
are needed for

nd downstream measurement. For the electronic impactor, one impactor can be used for both

with the manual
tor stages. The

start-up using
n added. The

penerator. This

c particles, the
Cles. This testis
re-entrainment.
herator are used

eck for signs of
rable change in

e to mechanical
walls of sample
test. To reduce
bly following the
ciency tests and

Flow Meter—The air flow meter shall be calibrated annually to ensure a known accuracy of

+2% by using a

flow meter conforming to the construction standards set forth in ASME Fluid Meters, Sixth Edition.

Tests

The purpose of these tests is to determine flow resistance, gravimetric efficiency, fractional effi

ciency and dust-

holding capacity, rupture or collapse characteristics, and sealing characteristics using the equipment described

in Section 6. The test system must be calibrated and qualified per Section 8 prior to testing
start up, correlation procedures, and reference filter tests must be done prior to testing filters.

filters. All daily
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7.2 Air-Flow Restriction and Pressure-Drop Test

The purpose of this test is to determine the flow characteristics in dust-free air of a clean air filter.

Condition the unit to be tested at least 1 h under temperature and humidity conditions equivalent to those in

ea (5.4).

Measure and record the tare-static pressure drop with no filter in the test stand. Measure at nominal flow
rates of 10%, 25%, 50%, 75%, 100%, and 110% of the specified maximum air-filter flow rate.

filter to be tested in the test stand. Measure and record the static-pressure dro

with constant air flow using the aerosol described in 6.3.1.
ng types of efficiency tests can be performed:

tric efficiency and dust-holding capacity are deterfpined when the specified termin
Feached at rated flow. This test is done with SAE ultrafine test dust defined in this

bl fractional efficiency as a function of particle size is determined for a clean filter f
particle size classes and may be detérmined for other particle sizes. The sta
s are 0.3, 0.5, 1.0, 2,0, 5.0, and 10.0 nm. That is, the size ranges are 0.3t0 0
so on. This test is done with sodium chloride aerosol described in 6.3.1. Thgq
e determined at the user-specified flow.

emental fractional efficiency as a function of particle size is determined at 10, 25,
(DL). This test is dore-with sodium chloride aerosol described in 6.3.1. The incre
y is determined at-the specified flow. The incremental life is determined by pres
as the filter isdoaded with SAE ultrafine test dust. The filter pressure drops (DR
b initial pressure drop (DP,), the fraction of filter life (DL), and the terminal pres
ation 5.

DP, = DP, + DL*(DP,—DP,)

he tare-pressure drop values from the measured filter pressure drops. _Correq
rops per Appendix B and report as shown in Section 10.

ests

se of this test is to determine the particulate collection capabilities of the filter.

p versus nominal

lter flow rate.

t the measured

This test is

al pressure drop
procedure.

Dr at least the six
hdard size class
5mm; 0.5to0 1.0
initial efficiency

50, and 100% of
mental fractional
bure drop across
) are calculated
sure drop (DPg).

(Eq. 5)

P " b 1 T [ : [ — el : 1
ciricTiial macuurial CInCITTiCy STTOUTU UE UTITTITIEU TUT dt 1€ast 1T SIA LIdsS3ES

specified in 7.3.2.2.

EFFICIENCY TEST PROCEDURES

7.2.1
7.2.2
the test ar
7.2.3
7.2.4 Mount the
flow rate a
7.2.5 Subtract t
pressure d
7.3 Efficiency T
7.3.1 The purpd
conducted
7.3.2 The follow
7.3.2.1 Gravime
(DPy) is
7.3.2.2 Theiniti
standarg
threshol
mm; and
should b
7.3.2.3 Thencr
filter life
efficiena
the filter
from: th
See EqU
The inc
7.3.3
7.3.3.1

Gravimetric efficiency is done using the SAE J726 procedure.

f particle sizes
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7.3.3.2

Fractional Efficiency Test

@ oapoTp

=

Condition a new filter per 5.5.

Measure temperature and relative humidity.

With no filter in the test stand, set the specified volume flow rate and measure the tare pressure drop.
Mount the filter in the test stand.

Set the specified volume air flow.

Measure pressure drop.

Start feeding the efficiency test aerosol as specified in 6.3.1 and wait for the upstream aerosol to

sequential counting systems, wait for the sampling system to equilibrate; thgn the upstream
part|cles should be counted. Switch to the downstream sample; wait for the) sanjpling system to
equilibrate; then the downstream sample should be counted. The upstream-downstrgam cycle should
be repeated twice more for a total of three upstream and three downstream samples. Calculate the
filtenl penetration for each of the three samples. If there is no significant change in the ffilter penetration
fron| the beginning to the end of these tests, then calculate the initial@fficiency by sumpming the counts
in eqich size range from the three upstream samples for the total°upstream count in ¢ach size range.
Sim{larly, sum the counts from the three downstream samples. Af\there is a significant change in filter
penetration during the duration of the three samples, then these results may not reflgct the true initial
efficjency. Referto 8.2. If the volume of upstream air from which particles are counted is not the same
as the volume of downstream air from which particles aré counted, then the sample Jolumes must be
recdrded for use when calculating the fractional efficiency.
For [simultaneous counting systems, the particles-for both the upstream and downsjream should be
coumted and recorded. Repeat twice more for*a total of three upstream and thfee downstream
samples. Calculate the filter penetration forieach of the three samples. If there |is no significant
chamge in the filter penetration from the beginning to the end of these tests, then cdlculate the initial
ples for the total
bam samples. If
ples, then these
M air from which
ch particles are
tional efficiency.

begin that test
through the filter

pendix A. For
Iculated without
Counts of 500 or
N £9%.)

particle counters

from the high concentration of loading test dust.

Resume feeding the loading dust until the pressure drop across the filter has reached the second
incremental pressure drop as calculated in 7.3.2.3.

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

Calculate the fractional efficiencies for each increment of loading in the same manner as initial
fractional efficiencies are calculated in 7.3.3.2.

7.4 Capacity Test—This test is done using the SAE J726 procedure. It is done with SAE ultrafine dust as defined
in this procedure. This test is frequently done at the same time as the gravimetric efficiency test, per 7.3.3.1.
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7.5

7.6

Flow Pressure Collapse Test—This test is done using the SAE J726 procedure.
Seal Effectiveness Test—This test is done using the SAE J726 procedure.

Equipment Quantification and Calibration—Documentation

8.1 Air Flow Uniformity—The uniformity of air flow above the filter shall be measured with a calibrated
anemometer at the center of each of eight equal-sized areas at a distance of 4 in above the filter. The variation
in airflow velocity shall be no more than £10% from the mean velocity.

8.2 Aerosol Ch
capacity) sh
challenge sh
challenge. |

Verification
introduction

8.2.1

8.2.1.1

8.2.1.2

EFFICIENC
requireme

Uniform
a filter s
ASHRA

The unif
shall be
sizing in
minimun
of each
five sani
The aer

The ave
location
centerlin

To verify
process
location

from eac

Stability

ity : (efficiency and
all be verified according to this section. Further, the particle size distributioh

of the capacity

of the aerosol challenge takes into account performance of theyaéerosol g
and mixing method, sampling system, and aerosol-measurement;devices.

CHALLENGE—For verification of the efficiency challenge; the general procedures and
hts outlined in 6.3.1 and 7.3.3.2 should be followed.

ty and Concentration—For verification of uniformity and concentration of the effigiency challenge,
hall be installed in the location of the test filter.yThis may be a flat sheet of fiter media (95%
E grade or better) or a test filter.

ormity of distribution and the concentration of the test aerosol used for efficiency tests (see 7.3)
verified by use of a particle-sizing instrument that will be used in the test system. This particle-
strument shall draw samples upstream of the filter. Flow shall be passed through the filter at the
1 flow expected for the test systemy typically 50 m3/h. Samples shall be drawn imrediately in front
pf the four quadrants of the filter and at the standard centerline sampling locatior]. A minimum of
ples shall be drawn at eaCh,'sampling location, and the resulting number distribyitions averaged.
psol number concentration measured in each size range shall meet the criteria outlined in 6.3.1.

age values for each.reported particle-size range shall not vary by more than 10% among the five
5. This indicates that the challenge aerosol is uniformly distributed across the filter, and that the
e sample isrepresentative of the overall challenge.

that the~downstream sample is also representative of the aerosol passing through the filter, this
shaould-be repeated in the plane of the downstream sample-probe location. The five sample
5 Should be chosen by dividing the duct cross section into quadrants of equal arg¢a and sampling

and Sampling Validity—Verification of aerosol stability shall be combined with verification of the

sampling apparatus used in efficiency testing. The stability of the aerosol challenge is evaluated over a

period o

f time equivalent to an efficiency test. The sampling apparatus (including aerosol-measurement

equipment) is evaluated for differences between upstream and downstream samples.

The met
the test-

hod shall be as follows: The efficiency-test aerosol shall be sampled upstream and downstream of
filter location, with filter-mounting framework in place, but with no test filter installed. All sampling

apparatus shall be in place as described in 6.2. Samples shall be drawn isokinetically and performance

shall be

verified at the minimum, midpoint, and maximum rated flows of the test system.

-14-
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8.2.2

8.2.2.1

8.2.2.2

8.3

8.4

For efficiency tests using particle counters, follow the sampling procedure specified in 7.3.3.2 (i or j). A
total of three samples will be taken upstream and three samples downstream of the test-filter location. The
count distribution (number of particles in each size class) shall be determined for each sample. The three
upstream distributions shall be compared and the number of particles measured in each size class should
agree to within 10% among the three distributions. This criteria shall be applied to both the upstream, and
the downstream size distributions.

The three upstream distributions shall then be averaged together by size class, likewise the three
downstream distributions. The result should be an average upstream and average downstream size

CAPACITY

distribution.
distributions should agree to within 10%.

The number of particles in each size class of the average upstream and downstream

Mass-bgsed fractional efficiency-test apparatus shall be evaluated in the same way, ex¢
class shall be made for mass of particles.

Provisions may be made to use the information obtained in this section to create correlal
can be gpplied to size distributions measured at the downstream-sampling.logation. This
accordahce with 7.3, and with agreement between tester and requester.

Uniform|ty—The uniformity of distribution of the test aerosol used for capacity tests (s
verified by a gravimetric method. The method shall béyas follows: A flat sheet of fi
ASHRAI grade or better) shall be weighed and installed in place of a test filter. Flow
through |the filter at the minimum flow expected fot‘the test system, typically 50 m?/h.
challenged with at least 12.5 mg of test dust per.square centimeter of filter area. At the c
loading $tep, the filter paper shall be removed:from the test fixture and cut into four equal 3
quadrant shall be weighed and the amount-of aerosol captured by each quadrant determi
of aerospl captured shall not vary by maresthan 10% from quadrant to quadrant.

ribution and Mass Concentration—The particle-size distribution and mass
challenge of the capacity test ‘aerosol may be verified through use of a cascade-ty
equivalgnt device capable of measuring a minimum of six size classes between 0.4 and 1
of class,|aerodynamic diameter). For this evaluation, aerosol should be sampled isokineti
sampling apparatus used” for efficiency testing.
aerodynpmic mass-size® distribution and mass per unit volume (mass concentration) in
calculated. Massoncentration shall be determined by adding mass on each of the stage
(including after-filter), and dividing by total volume of air which has passed through the im

The calquiated mass size distribution and mass concentration shall meet the requirement

bpt evaluation in

ion ratios which
must be done in

HALLENGE—For verification of the capacity challenge, the genéral procedures and requirements
outlined in{6.3.2 and 7.4 should be followed.

be 7.4) shall be
ter media (95%
shall be passed
The filter will be
pmpletion of this
rea parts. Each
ned. The weight

concentration
pe impactor or
5 nm (lower limit
Cally through the

At the end of an appropriate sampling time, an

mg/m?3 shall be
5 of the impactor
bactor.

of 6.3.2.

Particle Size Calibration—See 6.4.

Coincidence Error—sSince coincidence-counting error can occur when using airborne particle counters, the

organization performing the test according to this test code shall demonstrate by experiment that the
coincidence-counting error under the actual operating conditions of the system is less than +5%. Such data
shall form part of the certification documentation provided by the test organization.

8.5

an accuracy of +2%.

Flow Calibration—The volumetric flow rate through the filter shall be measured with a calibrated flowmeter to
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8.6 Repeatability—The organization performing tests in accordance with this test code shall demonstrate by
identical tests performed on three separate days of no less than three days apart that both the pressure drop
and filter efficiency measured are in agreement with each other to within £5%.

8.7 Documentation—The documentation certifying the performance of a system in accordance to this test code
shall include the following:

8.7.1

8.7.1.1

8.7.1.2

8.7.1.3

8.7.2

8.7.3

8.7.4

8.7.5

8.7.6

8.7.7

8.7.8

8.7.9

8.7.10

System diagram and detailed description, including:

Particle generator used

Particle materials used in the tests
Manufagturer and model of the particle counter and/or cascade impactor used
Calibration data for the particle counter and/or cascade impactor
Calibratior) data for flow
Calibration data for pressure drop
System pgrformance on flow uniformity
System pgrformance on particle-concentration uniformity

Data dem¢nstrating that the coincidence-counting efror is less than £5%

Data showing the agreement between upstream and downstream particle counts for a s

counter sylstem.
Sample tept data

Sample tept data showing repeatability of test results

9. Filter Class|fication—T.B.D.

10. Presentation of Data

ngle- or a dual-
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Performance Test Report

Report No. Model Date:
Requestor Manufacturer
Requestor Supplied Conditions
High Temp. Soak: cycles at °C for Low Temp. Seak:  cycles at °C %RH for hr
hr
Humidity Soak: cycles at °C %RH for hr
Test {3 Initial Fractional Efficiency Only Test Aerosol:
Type: J Incremental Fractional Efficiency
Test Dust: O SAE Fine 03 SAE Ultrafine O Other:
Rated Fiow m->/hr Conditioning Temp. *C Conditioning RH %
Terminal AP Pa Flow Rate for Eff. Dust Concentration
m3/hr mg/m3
Test Resuits | Test Rig 120
Initial Registance Pa
Final Resistance Pa
Fractiona| Efficiency 100 7
OSequential CISimuitaneous /7
Particie Size Initial Final 80
wm) (%) (%) Pressure Drop /
0-3 (pa’ 50 ,f
0.5 /
1.0 )
2.0 “0 ’
5.0 ’
10.0 20 —C
Conf. Lepel /T
Gravimetiic Efficiency % oy |
Dust Holding Capacity g 0 ) 180 270 360 450
Collapse Pressure Pa Air Flow Rate (m3/hr)
100
=TT
" ==
80 X
N AT
79
X | 1A
Aractionatl 0 S
gfficiency 50 ﬂ
(%) /
30 ¥ —
30
el jenjnitial Efficiency
20 wermmee Final Efficiency
10
0
0.1 1 10

Particie Size (miefomeier)

FIGURE 4—PERFORMANCE TEST REPORT
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Results of Dust Loading Testing

256 /?

200 /

i

-

Pressure Drop {Pa)
X\

50
0
o 2 4 6 8 1Q
Dirt Fed (g)
Test Figw Rate m3/hr Temperature °C RH % Iniet Pressure Pa (abs)
Total Dst Fed g

Resulits |of Incremental Efficiency Testing

100% ¢ v —
= —t
90% —
80%| I [ ——r .\'\
P -
£ 0% ,-L/ ,
g N L lO— <
5 6o0% —s
13)
=
o so% o «=O=—0.3 micron
g a0%|cr —3—os
5 -1
©
30%
& _ —0—2
20% - —X—5
10% + "l‘° I
0%
0 1 2 3 4 s 6 7 8 9 10
Oust Fed (g)
Description of Filter:
Description of Collapse:
Test Performed by: Date:

FIGURE 4—PERFORMANCE TEST REPORT (CONTINUED)

PREPARED BY THE SAE AIR CLEANER TEST CODE STANDARDS COMMITTEE
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Al

APPENDIX A

EFFICIENCY DATA REDUCTION

The material in this section is adapted from the Institute of Environmental Sciences Recommended Practice
IES-RP-CC007.1, “Testing ULPA Filters.”

When using particle counters to evaluate fractional filtration efficiency, it is necessary to consider limitations
imposed by the method. The efficiency is determined by comparing the particles detected upstream of the

filter to the

particles detected downstream.

Inevitably, there are differences between the upstream and

downstream sampling and detect|0n equipment. This section presents a method to calculate correlation ratios

to minimize
correcting fq

r small variations between upstream and downstream equipment, the correlati

used to corr¢ct for differences such as using different models of particle counters upstream an

to correct fo

When the n

unequal upstream and downstream sample times.

umber of particles counted in any size class is low, potential erfors.may occu

counting a few randomly occurring events. The method to quantify the size of-the potential ern

a few particl

These data-

bs is presented.

reduction techniques address only the correlation of dpstream and downstrea

counting, and the statistics of counting a small number of particles,) The confidence intervals

the methodj
accuracy ar

in this appendix do not necessarily reflect the.overall test accuracy or preg
d precision cannot be any better than the coenfidence interval calculated frd

statistics, but it may be worse because these data-reduction techniques do not address any

error. To mi
described in

Sections A.

sample caldulation.

particles do
efficiencies
interest.

A.1.1 Symbols

dov
cor

saim

m-TXOC

nimize the other sources of errors, it is important that the test system be qualified &
the body of this test code.

P through A.5 present “cookbook’-calculations. Section A.6 presents more d
The calculations are dohne in terms of penetration, the ratio of the
vnstream of the filter to the(concentration upstream. The penetrations can
hfter the calculations are (Completed. The calculations are done for each parti

upgtream counts

nstream counts
elationsratio

penetration

pling time

t. In addition to
bn ratio may be
I downstream or

r as a result of
or from counting

m sampling and
calculated with
ision. The test
m the counting
bther sources of
nd calibrated as

ptail, including a
concentration of
be converted to
Cle-size class of

A.1.2 Subscripts

o
ucl
Icl
spec
c

t

uc
dc

ut

effibicllby

observed

upper confidence limit

lower confidence limit

specified performance
correlation (i.e., no filter installed)
testing a filter

upstream during correlation
downstream during correlation
upstream during test
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dt

A.2 Correlation

downstream during test

Ratio

A.2.1 Observed Value—Correlation Ratio—Using counts obtained with no filter installed, the observed correlation

ratio should

be calculated for each size class as shown in Equation Al:

Ro = Dy .,

A.2.2 UCL and LCL Values—Correlation Ratio

eac
b. For

shodild be used to determine the upper- and lower-confidence limits for each s

Equ

A.3 Penetration

A.3.1 Observed—]
to calculate

A.3.2 UCL and L(
downstream
UCL and LG

size class for the upstream and downstream counts with no filter installed.

numbers n>50, then Equation A2

n+2.Jn

htions A3 through A4.

R c l:’Ulcl, c

uci— ucleac

Rici = Dy¢ycfU

ucl, c

he observed penetration for each size class. See Equation A5.

Po = Do,t nUo, tRo
L Values—Penetration—The UCL and LCL values should be calculated for th
counts for each size class, using Table Al for numbers n£50, or using Equation A
L of the penetration should be(calculated for each size class as shown in Equatio

TABLE A1—95% CONFIDENCE LIMITS FOR THE
MEAN VALUE OF A POISSON VARIABLE

(Eq. AL)

idence limits for
(Eq. A2)
ze class. See
(Eq. A3)

(Eq. Ad)

Penetration—With the test filter installed, upstream and downstream counts shguld be obtained

(Eq. A5)

e upstream and
2 for n>50. The
s A6 and A7:

Obgserved Observed

Caunt (n) Lower Upper Count (n) Lower Upper
0 0.0 3.7 26 17.0 38.0
1 0.1 5.6 27 17.8 39.2
2 0.2 7.2 28 18.6 40.4
3 0.6 8.8 29 19.4 41.6
4 1.0 10.2 30 20.2 42.8
5 1.6 11.7 31 21.0 44.0
6 2.2 13.1 32 21.8 45.1
7 2.8 14.4 33 22.7 46.3
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TABLE A1—95% CONFIDENCE LIMITS FOR THE
MEAN VALUE OF A POISSON VARIABLE (CONTINUED)

Observed Observed

Count (n) Lower Upper Count (n) Lower Upper

8 3.4 15.8 34 23.5 475

9 4.0 17.1 35 24.3 48.7

10 4.7 18.4 36 25.1 49.8

11 5.4 19.7 37 26.0 51.0

12 6.2 21.0 38 26.8 52.2

13 6.9 22.3 39 27.7 53.3

14 7.7 23.5 40 28.6 54.5

15 8.4 24.8 41 294 55.6

16 9.2 26.0 42 30.3 56.8

17 9.9 27.2 43 31.1 57.9

18 10.7 28.4 44 32.0 59.0

19 11.5 29:6 45 32.8 60.2

20 12.2 30.8 46 33.6 61.3

21 13.0 32.0 47 34.5 62.5

22 13.8 33.2 48 35.3 63.6

23 14.6 34.4 49 36.1 64.8

24 15.4 35.6 50 37.0 65.9

25 16.2 36.8
Pucl = Ducl,tnUIc,ItRIcI (Eq' A6)
l:elcl = D| c,ltnchI,tRucI (Eq' A7)
A.4 Calculations for Unequal Sample Times—If

Tuc DTdc: Tut ant (Ea. A8)

then no adjustments for sampling time need to be made.

If this condition is not met, then the equation for the observed penetration is as shown in Equation A9:
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Po = (Tut DTdt)(Do,t) u(Uo,t( Do, c nUo,c)(Tuc quc))

(Eq. A9)

The equations for the UCL and LCL values of the penetration are as shown in Equations A10 and A11:

PucI = (Tut qut)(DucI, t) Q(UI cl t(DI c,l ccchI, c)(Tuc quc))

Piei = (Tut 8T g (Dier, 1 AV et ¢ M d(Tue ®Tac))

(Eq. A10)

(Eq. A11)

A.5 Efficiency—The efficiency for each size class is calculated from the penetration as follows in Equations A12 to

Al4.
E—=+—+5
Eicl = 1 =Py
Euct = 1=Pyg

A.6 Poisson Statistics and Counting

A.6.1 Theory (Poi
penetrating

sson Statistics and Counting)—When a well-mixed, stable aerosol pene

particles will appear downstream of the filter (or in a small.downstream air sample)
some average population density. A particle counter will detect these randomly in time, but at
For the puriose of calculating penetration, the average rate(particles per unit time or per
obtained from the cumulative count measured over the timepériod of the test or over the volu

The statistig
downstream
this type of t
from a test
implied conf
Reference S
A.6.2 Practice (PI
in a good d

tests. Wher
source of un

s of particle counting has become increasingly important as the filter penetra
counts decrease. These variations are described by Poisson statistics. Of prim

bsting is the relationship between the results of a single test and the results that w
bf infinite duration—the true mean-result. This relationship between an observe
dence limits on the true mean_ result is described very well in the literature (see B
ection.)

isson Statistics and Counting)—When top-performance, noise-free particle cg
ct according to this_.decument, count statistics becomes the largest error on hig
testing ULPA filters/according to this document, low downstream patrticle count
Certainty.
A.6.3 Recommenfation (Pgisson Statistics and Counting)

A.6.3.1 DETERMIN
the confid

ATION 'OF CONFIDENCE LIMITS ON A COUNT—This procedure uses particle-count d
brice! limits on penetration. Section A.5.3.5 gives the 95% confidence limits on a

(Eq. A12)
(Eq. A13)

(Eq. Al4)

trates a filter,
randomly, but at
AN average rate.
unit volume) is
me sampled.

ion and, hence,
ry importance to
buld be obtained
d result and the
ox, et. al. in the

unters are used
nly efficient filter
5 are the largest

ata to establish
single-observed

particle co

hce that the true

mean count is between the upper and lower limits given in Table A2. The true mean count is the average

count that would be obtained if the tests were repeated indefinitely.

For larger values of counts (n), the Poisson distribution tends toward normality with mean n

and variance n.

In this case, the 95% confidence levels for a count of n can be expressed as shown in Equation A15:

n+2.Jn

(See Abramowitz and Stegun in the Reference Section.)

(Eq. Al5)

-22-



https://saenorm.com/api/?name=8629203dcfeedb56bb89d74cdf98b911

SAE J1669 Cancelled OCT2002

A.6.3.1.1 Example

TABLE A2—EXAMPLE—95% CONFIDENCE LIMITS

Once th
limits on

In most
smaller
confider

Observed Count (n) Lower Upper
0 0
3.7
10 4.7
18.4
100 80 120
10 000 9800 10 200

b confidence limits on a particle count are established, it is necessary to-establis
the correlation ratio and penetration.

Cases, one number in the ratio is substantially smaller than the other, and it is the U
value that dominates the uncertainty in the ratio. In this case, it is reasonable
ce limits of the ratio by calculating the ratio with the limits ‘of the smaller value a

level of the larger value.

A.6.3.2 CORRELAT
filter in th
example,
(see Tablg

Thus, the

Observs

ON RATIO—Statistical uncertainty exists in the ratio. of downstream to upstream
e system. This uncertainty should be established before the penetration is
consider a correlation where the observed.couhts are 10 000 upstream and 12
A3):

ABLE A3—EXAMPLE—95% CONFIDENCE LIMITS ON CORRELATION RATI
Observed,Value Lower Upper
10 000 counts upstream 9 800 10 200
12 000 countsidownstream 11781 12 219

NOTE~=Inh-the example shown above, the upstream counts are less than
the downstream counts because the upstream sample had
been taken through a diluter.

confidenee-limits on the correlation ratio are:

d~Ro= 12 000/10 000 = 1.20

N the confidence

ncertainty in the
to calculate the
hd the observed

counts, with no
calculated. For
DOO downstream

Lower: H

Icl= 11 781/10200 =1 15

Upper: Rucl = 12 219/9800 = 1.25

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

A.6.3.3 PENETRATION—This correlation example is used to calculate the penetration of a filter test as shown in

TableA4:

-23-



https://saenorm.com/api/?name=8629203dcfeedb56bb89d74cdf98b911

SAE J1669 Cancelled OCT2002

TABLE A4—EXAMPLE—95% CONFIDENCE LIMITS ON FILTER PENETRATION

Observed Value Lower Upper
1000 counts upstream 937 1063
30 counts downstream 20.2 42.8

Using the 95% confidence limits on the correlation ratio results in 95% confidence limits on the penetration

of:

Observed: Po = 30/(1000 " 1.2) = 0.025 = 2.5%

Lower: Rlcl = 20.2/(1063 ~ 1.25) = 0.015 = 1.5%
Upper: Pucl = 42.8/(937 * 1.15) = 0.040 = 4.0%

The efficigncy is:

Observdd: Eo =1 -0.025 =0.975 = 97.5%
Lower: Elcl=1 - 0.040 = 0.960 = 96.0%
Upper: Eucl =1 - 0.015=0.985 = 98.5%

In this example, it can be stated that, with 95% confidence, the filtér penetration is betweer
or the effigiency is between 96.0% and 98.5%.

Note that:

The
This
Othg
For
dete
num
e. The
met
con

oo ow

A.6.3.4 TEST PRrRO

particle size range in which the counts were(obtained should also be given.
confidence level is based on counting statistics only.

br error sources may contribute to the-uncertainty of the penetration and efficiency
very low penetration filters, the errors due to the counting statistics may be §
rmining the overall test precision.“\For higher penetration filters when it is possible
ber counts, this error source hecomes less important as compared to the other ef
statistical procedures described here apply only to raw count data. It is impropg
hods to data that have been scaled, multiplied by correlation ratios, conve
entrations, and so forth} to do so will yield erroneous results.

EDURES—In a typical testing situation, where the filter should prove to be greater
either of two.methods may be used.

internal:est specification written to ensure performance in a pass/fail manng
ual systems.

1.5% and 4.0%

measurements.
major factor in
to obtain higher
ror sources.

r to apply these
ted to rates or

than a specified

r is suitable for

the_confidence levels may be calculated continuously as the counts accumulal

efficiency,
a. The
man

b. Or,
pas

as‘or fails
—eahS-

, until the filter

Method (b) is faster but requires an automated test. The pass/fail testing method can be illustrated by the
previous examples. To prove a filter is more than 96% efficient in a particle-size range, it is sufficient to

accumulat

e 1 000 000 counts upstream and require 30 or less downstream.

For the method where the confidence limits are constantly calculated as counts are accumulated, the test is
simply continued until the filter is proved to pass or fail the specification. This method requires less time and
will not reject good filters as a result of test variability.
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