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Impact of Changes in Test Dust Contaminants and Particle Counter Calibration
on Laboratory Filter Element Performance and Fluid Cleanliness Classes

1. SCOPE:

This SAE Aerospace Information Report (AIR) discusses the impact of the SO Tes{ Dusts, chosen as
replacement contaminants for the Arizona Test Dusts (AC Test Dusts), ‘ahd the ISO|calibration
procedure ISO 111171 for automatic particle counters, which replaces‘the calibratior] procedure ISO
4402 (1991), on |aboratory performance of filter elements utilizeddn aerospace lubrjcation, hydraulic
and fuel systemd, and fluid cleanliness levels determined with-automatic particle counters.

1.1 Purpose:

Since AC Test Pusts are no longer available, ISO:lias chosen alternate test dusts: the ISO (SAE)
Test Dusts, as freplacements for the AC Test Dusts. In addition, ISO has also insfjtuted a new
calibration progedure, ISO 11171, for automatic particle counters (APCs) utilized in filter
performance tgsting and measuring fluid.eleanliness levels as a replacement for the previous
calibration progedure ISO 4402 (1991)'which utilized AC Fine Test Dust. This infprmation report
compares and contrasts laboratory filter element performance and fluid cleanlinegs levels obtained
with the new test dusts and ISO 11171 calibration procedure to those obtained with the AC Test
Dusts and the previous calibration procedure 1ISO 4402 (1991).

It should be nofed that none of the changes discussed in this report will impact filfer element
performance of fluid ecleanliness in actual service conditions in the field. The changes in test dusts
and automatic particle’counter calibration will impact laboratory filter element performance
specifications gnd-performance requirements therein as well as fluid cleanliness level specifications
and requirements set by OEMS and operators.
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2. APPLICABLE DOCUMENTS:

2.1

2.2

The following publications form a part of this document to the extent specified herein. The latest issue
of SAE publications shall apply. The applicable issue of other publications shall be the issue in effect
on the date of the purchase order. In the event of conflict between the text of this document and
references cited herein, the text of this document takes precedence. Nothing in this document,
however, supersedes applicable laws and regulations unless a specific exemption has been obtained.
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2.3 Military Specifications:

24

2.5

3.

Available from the DODSSP, Subscription Services Desk, 700 Robbins Avenue, Building 4D,
Philadelphia, PA 19111-5094.
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AND BACKGROUND:

t (ACFTD) and AC Coarse Test Dust (ACCTD) are silica based cor
erms of theirchemical composition and particle size distributions.
b size distributions and irregular particle shapes, believed to be mq
ound,intypical hydraulic, fuel and lube systems, the AC Test Dusts
es as'Mmodel' test contaminants in laboratory testing of filter elemg
component contaminant sensitivity testing. They have also been s
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bference Material
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Because of their
bre representative
have been utilized
nt performance
pecified as the

'model' contaminant in the maijority of filter performance specifications in Aerospace applications.

AC Fine Test Dust was also chosen for the above reasons in 1969-1970 for the development of a
calibration procedure for automatic, liquid borne, particle counters whose operation is based on light
obscuration. The calibration procedure, ISO 4402:1991, is based on the average longest chord
dimension, measured using optical microscopes. The goal of the calibration procedure was to ensure
that particle counts obtained with an automatic particle counter (APC) agreed as closely as possible
with counts obtained by optical microscopy, the most common method employed to obtain particle
counts at that time. This particle size distribution, defined in ISO 4402 (1991), is shown graphically in

Figure 1.
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3.1
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FIGURE 1 - AC Fine Test Dust Size Distribution\Based on Longest Chord|Dimension

New Test Contaminants:

Since the AC Test Dusts, which were manufactured by AC Rochester Division, Géneral Motors, are
no longer being produced, SAE and ISO-have selected related contaminants, spegcifically the SAE
Test Dusts, as ffeplacements. In additionyan Ultrafine test dust has also been inclyded. The four test

dusts, referenced in ISO 12103-1,.are listed below in Table 1.

TABLE_ 1'-Replacement Contaminants for AC Test Dusts

ISO Test DustDesignation Corresponding AC SAE Designiation,
Test Dust Other designaftion(s)*
ISO'12103-A1 None None, PTI 0-10| um Test
(Ultrafine Test Dust; ISO UFTD) Dust
ISO 12103-A2 AC Fine Test Dust SAE Fine Test Dust,
(Fine Test Dust; ISO FTD) PTI Fine Test Dust
I[SO 12103-A3 None SAE 5-80 um Test
(Medium Test Dust; ISO MTD) Dust,
PTI 5-80 um Test Dust
ISO 12103-A4 AC Coarse Test Dust | SAE Coarse Test Dust,
(Coarse Test Dust; ISO CTD) PTI Coarse Test Dust

" PTI - Powder Technology, Inc.
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3.1 (Continued):

The replacement ISO contaminants are processed from the same silica based material that the AC
Test Dusts were processed from, but they differ in their particle size distributions. Figure 2 depicts
plots of the particle size versus number distribution of the dusts in terms of number of particles in one
microgram (1 ml of a 1 mg/L suspension) of dust greater than a given particle size. The particle size
distributions reported in Figure 2 are based on measurements with an automatic particle counter
calibrated with ACFTD in accordance with ISO 4402:1991 (Figure 1).
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FIGURE 2 - Particle Size Distributions of AC and ISO Test Dusts

Both ISO MTD and ISO FTD exhibit higher particle counts than ACFTD for sizes below about 10 um.
The differences in particle size distributions between the AC and ISO Test Dusts will impact two key
filter element performance parameters in laboratory testing: (1) Filtration efficiency, and (2) Dirt
capacity.
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3.2 Particle Counter Calibration:

The calibration

of automatic particle counters (APCs) per ISO 4402:1991 is accomplished by

counting a reference calibration sample of AC Fine Test Dust suspended in MIL-H-5606 fluid and
adjusting the particle counter thresholds to obtain the appropriate cumulative particle counts/ml
(Figure 1) for the required ISO 4402 ACFTD particle sizes.

ISO has developed an APC calibration procedure ISO 11171 to replace ISO 4402 (1991). 1SO 11171

employs ISO 1]
Standards and
NIST Standard
significant diffe
microscope (N
The APC data

p : ational Institute of
Technology (NIST) has certified the distribution of ISO MTD via-el¢ctron microscopy,
Reference Material SRM 2806. The results of the NIST analysis, Figure 3, show a
Fence in the particle size distribution of ISO MTD as measured with an electron

ST) compared to results with an APC calibrated with AEFTD per 150 4402 (1991).
reported for ISO MTD in Figure 3 are the averages from an interngtional round robin
test program sponsored by ISO TC131/SC8/WG9.
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FIGURE 3 - Particle Size Versus Number Distribution of ISO MTD - ISO 4402 Versus NIST



https://saenorm.com/api/?name=a4c21be834252e2dfbfe4e30c991819f

SAE AIR5455

3.2 (Continued):

At particle sizes below ~10 ym, the NIST (ISO 11171) particle size distribution shows significantly
higher numbers of particles than the size distribution determined with APCs calibrated per ISO
4402:1991, whereas above a particle size of ~10 um, the NIST distribution shows fewer counts.
Thus, for particle sizes below ~10 ym, the particle size determined by NIST for a given particle count
(particles/ug) is greater than the corresponding particle size per ISO 4402:1991; the difference
increases with decreasing particle size. As an example, the particle count for 1 ym (1ISO 4402:1991
calibration) of about 2000 particles/ug (Figure 3) corresponds to a particle size of 4.2 ym per ISO
11171.

Thus, below ~10 um, the ISO 11171 definition of the particle size (per NIST size distribution) will be
higher than the|ISO 4402 definition, e.g., 2 ym (ISO 4402) is 4.6 ym per ISO 11111 and 5 ym (ISO
4402) is 6.4 um (ISO 11171). Above ~10 um, the opposite relationship.exists in that the ISO 11171
definition of patticle size will be lower than the ISO 4402 definitionse.g., 15 um (I$O 4402) is about
13.6 um (ISO 11171). The relationship between particle sizes défined by ISO 44(2:1991 and ISO

11171 is showr] below in Figure 4 and Table 2.
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FIGURE 4 - Comparison of ISO 4402:1991 and ISO 11171 Particle Sizes
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TABLE 2 - 1ISO 4402 and ISO 11171 Particle Sizes

ISO 440.2:1991 Particle 1 ) 3 5 10 15 20 | 25 40 50
Size( um ):

ISO HI71 Particle Size |\ | 4 6 151 | 64 | 9.8 [13.6]17.5[212]31.7] 384
[Lm(c)]:

3.2 (Continued):
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4. LABORATORY H
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b

hguish particle sizes defined in ISO 11171 from particle sizes déefin
11171 particle sizes are designated as um(c) or micrometer{(c), th
izes. The redefinition of particle sizes with ISO 11171 calibration w
ct on filtration efficiencies since filtration efficiencies attributed to 3
will now correspond, approximately, to the ISO 114%71 size in Tablq
Hefinition of particle size will also have an impagton the cleanlines
ndards such as NAS 1638, SAE AS4059, ISO11218, and ISO 440
5 of allowable particle counts for various, spegified particles size r3

phasized that the above changes are arr artifact of the redefinition
cleanliness as well as filtration efficiencies in the field will not be
ation. However, filter element particle removal efficiencies, deter]
change due to the change in particle counter calibration.

ILTER ELEMENT PERFORMANCE - FILTRATION EFFICIENCY:

Cy is qualified by a-variety of standard tests developed over the ye
er elements. They-include:

Sravimetric Efficiency test, primarily specified for hydraulic filter elg
| commercial specifications. The gravimetric efficiency will be impa

1. Single Pass {
of military ang
in contamina

2. Multipass (or

elements use

nt sizé-distribution: ACFTD versus ISO FTD, as discussed in 4.1.1.
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e (c) indicating

ill have a
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p 2 (Figure 4). In
S classes in

6 which are
nges.

of particle sizes,

changed due to
mined in the

ars for hydraulic,

ments in a variety
cted by the change

d

cified for filter

in engine lubrication systems, helicopter transmission lubrication systems,

integrated drive generator (IDG) lubrication systems, and fine filter elements used in fuel systems.
Filtration Ratios will be impacted by: (a) Change in contaminant size distribution: ACFTD versus
ISO FTD, and (b) Change in particle counter calibration from ISO 4402:1991 to ISO 11171, i.e.,

redefinition of particle sizes. They are discussed in 4.1.2 and 4.1.3.

In addition, the Absolute Rating: Maximum Spherical Particle Passed test, is commonly used to specify
filtration ratings for hydraulic and fuel filter elements, and also for some lube filter elements. Since AC
Test Dusts or automatic particle counters are not employed in the test, the Absolute Rating will not be
affected by the changes.
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41

411

41.2

Impact of Change in Test Dusts:

Single Pass Gravimetric Efficiency: The single pass gravimetric efficiency test is specified in MIL-
F-8815 and in other military and commercial specifications for hydraulic filter elements. The
gravimetric efficiency is determined by passing a fixed volume of test fluid, having a known mass of
test contaminant suspended in it, through the test filter element and determining the mass of
contaminant in the effluent fluid from the filter element. The test contaminant usually is either
ACFTD or a mixture of ACFTD and APM F-9 Glass Beads (MIL-F-8815).

The results of determination of gravimetric efficiencies of representative hydradulic filter elements,
rated at 5 ym[ Absolute and 15 ym Absolute, with ACFTD and ISO FTD contaminants have shown
that single pgss gravimetric efficiencies with ISO FTD contaminant are-either cdmparable to or
slightly lower|(within 1%) than the corresponding gravimetric efficiencies with AGFTD contaminant.

Multipass Filtration Ratios (Beta Ratios): The impact of changé in test dust (ACFTD to ISO FTD)
on Beta Ratigs is shown in Figure 5 for representative filter.eléements utilized in Aerospace
applications, fated between 3 um and 30 um. Filtration Ratios were determined |n accordance with
the multipass| filter performance test procedure in SAE ARP1827; Section 7 - 'F{lter Element
Efficiency', uging ISO 4402:1991 calibration for both*test dusts. Beta Ratios with ISO FTD
contaminant are lower for particle sizes above 3 ym; and either comparable to of somewhat higher
for particle sizes below 3 um.
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FIGURE 5 - Comparison of Multipass Beta Ratios - ACFTD Versus ISO FTD
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4.1.3 Single Pass Filtration Efficiencies (Theta Ratios): For coarse filter elements, rated at greater than

4.2

35 um, Filtration Ratios are determined via a modified form of SAE ARP1827 (Section 7): (1) AC
Coarse Test Dust contaminant is utilized, (2) The test is performed in the single pass mode, i.e.,
with the system clean-up filter in line throughout the test. Filtration Ratios are designated Theta
Ratios to distinguish them from Beta Ratios. Figure 6 depicts the results of the testing of several
filter elements utilized in Aerospace applications with ACCTD and ISO CTD contaminants,
employing ISO 4402:1991 calibration. The results show that Theta Ratios with ISO CTD
contaminant are either comparable to, or somewhat lower than, Theta Ratios with ACCTD.
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FIGURE. 64 Comparison of Single Pass Theta Ratios - ACCTD Versus |SO CTD

Impact of ISO ™7+ Catibratiom:

The impact of ISO 11171 calibration (Table 2) is such that filter elements will appear to be coarser
below ~10 um, i.e., lower filtration efficiencies, and somewhat finer (higher filtration efficiencies)
above ~10 ym. This is shown in Table 3 for the three filter elements depicted in Figure 5. Particle
sizes corresponding to Beta Ratios of 75, 200, and 1000, i.e., particle removal efficiency of 98.6%,
99.5% and 99.9%, respectively, are tabulated, based on the Filtration Ratios depicted in Figure 5 and
the particle size relationship between ISO 4402 and ISO 11171 calibrations in Table 2, for ACFTD
contaminant/ISO 4402:1991 calibration, ISO FTD contaminant/ISO 4402:1991 calibration, and ISO
FTD contaminant/ISO 11171 calibration.

-10 -
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4.2 (Continued):

Figure 7 shows plots of Filtration Ratio versus particle size for the three filter elements in Table 3 for
ACFTD contaminant/ISO 4402:1991 calibration and ISO FTD contaminant/ISO 11171 calibration.
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FIGURE]|7 - Comparison of Beta Ratios: ACFTD/ISO 4402 Versus ISO FTP/ISO 11171
TABLE 3 - Comparison of Multipass Filtration Ratings
Contaminant: ACFTD ISO FTD ISO FTD
Filtration:Rating Calibration: ISO 4402 ISO 4402 ISP 11171
(Figuve S) S Particle size corresponding
to Beta Ratio
3 um 1000 2.5 um 2.2 um 4.7 um(c)
4. 4 .
15 um 75 9 um 5.4 um 6.7 um(c)
200 6.3 um 7.1 um 7.8 um(c)
75 20.2 um 22.8 um 19.6 um(c)
30 um
200 24.1 um 27.3 um 22.9 um(c)

-11 -
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4.2 (Continued):

Table 4 summarizes the comparison of single pass Theta Ratios for the two filter elements depicted
in Figure 6. Particle sizes corresponding to Theta Ratios of 20, 75, and 200, i.e., particle removal
efficiency of 95%, 98.6%, and 99.5%, respectively, are tabulated, based on the Filtration Ratios
depicted in Figure 6 and the particle size relationship between ISO 4402 and ISO 11171 calibrations
in Table 2, for ACCTD contaminant/ISO 4402:1991 calibration, ISO CTD contaminant/ISO
4402:1991 calibration, and ISO CTD contaminant/ISO 11171 calibration.

AR . Stte-Pass-FitratiorRatings(Fheta-Ratios)

Contaminant: ACCTD ISO CTD ISP CTD
Filtratjon Rating Calibration: ISO 4402 ISO 4402 | ISQ 11171
Figure 6 i i i
(Fig ) Theta Ratio Particle size corres!)ondlﬂg
to Theta Ratio
| 75 22.1 um 21.9 um 18.9 um(c)
3p um
200 26.9 um 26.9 um 226 um(c)
6k um 20 46.84m 52.4 um 39.0 um(c)
H 75% 770um | 854um | 600 um(c)
C rresponding particle sizes are extrapolated values.

Figure 8 depict
calibration and

As expected, T
MM size ranges

Overall, the res
coarser filter el
and 1ISO 11171

should be reen

neta Ratios with'1S© CTD contaminant/ISO 11171 calibration are in
compared to'ACCTD contaminant/ISO 4402 calibration.

ults show_that finer filter elements, rated below 10 um, will appear
ements; rated above 10 um, will appear finer when tested with ISC
calibration compared to ACFTD or ACCTD and ISO 4402 (1991) ¢

phgeiw:rl that this r*hsmgn is_an artifact of r‘hnnging Is\hnrn’mr\/ tes

5 plots of Filtration Ratig versus particle size for ACCTD contaminant/ISO 4402:1991
ISO CTD contaminant/ISO 11171 calibration for the two filter elem

ents in Table 4.

creased in the 10+

coarser, whereas
FTD or ISO CTD
calibration. It

contaminant and

calibration procedures, and filter element efficiencies in the field will remain unchanged.

-12-
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5. LABORATORY HILTER PERFORMANCE= DIRT CAPACITY:
Principal methodp for determining filter element dirt capacity include:

1.
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FIGURE 8 - Comparison of Theta Raties: ACCTD/ISO 4402 Versus ISO CTD/ISO 11171

'Slug Load' Djirt Capacity; specified in MIL-F-8815 and other specifications for hydraulic filter
elements, ang for filter elements used in engine lubrication systems, some helicppter transmission
lubrication systems;sand Constant Speed Drive (CSD) lubrication systems.

In the 'Slug Lpad" dirt capacity test, the test contaminant is introduced upstream of the filter, in the
form of discrete slugs of equal mass, at regular intervals of 4 minutes. Filter element differential
pressure is monitored 2 minutes after addition of each contaminant slug. The mass of test
contaminant added to a predefined filter element differential pressure is defined as the dirt
capacity. The 'Slug Load' dirt capacity test may be performed in the multipass (recirculating) mode,
as required in MIL-F-8815, or in the single pass mode, i.e., with the system clean-up filter in-line
throughout the test.

-13-
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5. (Continued):

2.

5.1

5.1.1

Impact of Chan

Continuous Ingression, Multipass (or Single pass) Dirt Capacity, often specified for helicopter
transmission lube filter elements, IDG lube filter elements, and some engine lube filter elements.

The continuous ingression dirt capacity is determined as part of the Filtration Ratio Test (Multipass
or Single pass) described in Section 4. Unlike the 'Slug Load' dirt capacity test, contaminant is
ingressed continuously, in slurry form, into the filter element test circuit throughout the test. The
mass of test contaminant ingressed to a predefined filter element differential pressure is defined as

the dirt capa

MIL-E-5007 g

The dirt capapity test is conducted in jet fuel utilizing contaminant specified in

contaminant
specified as t
test circuit fug
contaminant
equivalent te
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versus ISO T
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Tze distribution of
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ISOFTDis s
FTD dirt capd
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r SAE ARP1827 Dirt Capacity, specified for engine fuel filter-efemd

ncludes AC Test Dusts. In some commercial applications, AC Te
he test contaminant. Typically, the test contaminaht)is ingressed ca
| reservoir via a belt feed system. The dirt capacity is either taken

ngressed to a predefined filter element differential pressure or, oft

city could be impacted by the changelin particle size distribution: /
pst Dust(s), as discussed in 5.1.

ge in Test Dusts:

irt Capacity: Figure 9 depicts a bar chart showing the percent cha
vith ISO FTD/CTD eontaminant compared to ACFTD/ACCTD cont
b filter elements utilized in Aerospace applications. The results ind
vith ISO FTD or+S0O CTD compared to the corresponding ACFTD

decrease, in'dirt capacity ranges between ~5% and ~45%, depend

5t time to achieve the predefined filter element differential pressursg.

bnts.

I\g{L-E-5007; the

Dusts are
ntinuously into the
bs the mass of test
en, as the

AC Test Dust(s)

nge in 'Slug Load'
aminant for

cate a decrease in
or ACCTD dirt

ing on the filtration
the greatest

irt capacity with ISO FTD contaminant. The fact that the particle
bmewhat finer than ACFTD (Figure 2) is likely to contribute to the
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FIGURE 9 - Percent Reduction in 'Slug Load* Dirt Capacity With ISO F
Contaminant, Compared to AGF TD/ACCTD Contaminant

gression Dirt Capacity: Figure:40 depicts a bar chart showing the
continuous ingression, Filtration Ratio dirt;capacity with ISO FTD/CTD contamir
ACFTD/ACCID contaminant for filter@lements utilized in Aerospace engine andg
applications. |In general, the results‘parallel the results of the 'Slug Load' dirt caj
dirt capacity with ISO FTD is decCreased by as much as ~45% compared to the
ACFTD dirt cppacity for fine filter elements rated at 3-20 ym. The decrease in ¢
ISO FTD or IO CTD is smaller (20%) for coarser filter elements, rated at 20-64
pum rated filtef element (Figure 10) actually showing a small increase of ~7% in
capacity.

Overall, the results-show that the 'Slug Load' dirt capacity is reduced

~,

with ISO R

0,

TD/CTD

percent change in
ant compared to
transmission lube
pacity testing. The
corresponding

irt capacity with

b um, with the 35
SO FTD dirt

TD and ISO CTD

contaminant: i

) coarser filter

elements, 30-65 pym rated, by as much as ~20%. In general, Filtration Ratio test dirt capacities

show similar trends. It should be emphasized that the changes in laboratory dirt
discussed above, will not impact actual filter element service life in the field.

capacities,
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5.1.3 MIL-E-5007 &
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URE 10 - Percent Reduction in Continuous‘ingression Dirt Capac
50 FTD/CTD Contaminant, Compared tosACFTD/ACCTD Contam

nd ARP1827 Dirt Capacity: Thesedirt capacity tests, utilized for f]
4 in jet fuel or a reference calibration fluid. The contaminant inclug
bn oxides (Hematite and Magnetite), AC Test Dust (usually AC Co
tz, salt water, naphthenic acid, and cotton linters. Under the test ¢
C Test Dust agglomeraté in‘the test fuel, especially when salt water|
bn the filter element. This has a critical influence on the dirt capac

above, the changge’in size distribution between the AC and ISO Te|
o have a verysignificant impact on dirt capacity. This is borne ouf
L-E-5007_contaminant containing AC Coarse Test Dust with MIL-E
D Coarse-Test Dust instead of AC Coarse Test Dust. The differen
foundto be within 3%, which is less than the accuracy of the test.
were performed with a modified form of MIL-E-5007 contaminant

rannbinatian 1~ vahhinhh AC i Thot
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commercial
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contaminant. The impact of replacing AC Fine Test Dust with ISO Fine Test Dust was investigated.
The difference in average dirt capacity was found to be within 1%, which, again, is less than the
accuracy of the test.

Based on the limited testing above, one may conclude that the impact of replacing AC Test Dusts
with ISO Test Dusts would not be expected to be significant in the MIL-E-5007 and ARP1827 dirt

capacity tests.
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