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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

ISO 4548 establishes standard test procedures for measuring the performance of full-flow lubricating
oil filters for internal combustion engines. It has been prepared in separate parts, each part relating to
a particular performance characteristic.

Together, the tests provide the information necessary to assess the characteristics of a filter, but if
agreed between the purchaser and the manufacturer, the tests may be conducted separately.

© IS0 2017 - All rights reserved v
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Methods of test for full-flow lubricating oil filters for
internal combustion engines —

Part 12:
Filtration efficiency using particle counting and
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Scope

5 document specifies a multi-pass filtration test with continuous contaminant injectior
online particle counting method for evaluating the performance of full!flow lubricatin
nternal combustion engines. The scope of this document is limited/te steady state con
s not address fluctuations in the flow rate.

test procedure determines the contaminant capacity ,ofDa filter, its particulat
racteristics and differential pressure.

5 test is intended for application to filter elements with an efficiency of less than 99 %
greater than 10 pm.

E Several test flow loops built into one test rigj.or several test rigs, would be necessary
Normative references

following documents are referred-to in the text in such a way that some or all of th
Stitutes requirements of this doecument. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

ne first bubble point
3968, Hydraulic fluid power — Filters — Evaluation of differential pressure versus flow cha
4021, Hydrauli¢ fluid power — Particulate contamination analysis — Extraction of fluid sa

K of an operating system

gravimetric method

and using
b oil filters
litions and

e removal

at particle

o cover the

Pir content
pplies. For
[s) applies.

2942, Hydraulic fluid power— Filter elements — Verification of fabrication integrity and defermination

racteristics

mples from

4405;,Hydraulic fluid power — Fluid contamination — Determination of particulate contamination by

ISO

11171, Hydraulic fluid power — Calibration of automatic particle counters for liquids

ISO 11943, Hydraulic fluid power —On-line automatic particle-counting systems for liquids — Methods of
calibration and validation

[SO 12103-1:2016, Road vehicles — Test contamintants for filter evaluation — Part 1: Arizona test dust

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11841-1 and ISO 11841-2 and

the

©IS

following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— ISO Online browsing platform: available at http://www.iso.org/obp

3.1
multi-pass test
test which requires the recirculation of unfiltered fluid through the filter element

3.2
al

base upstyeamgravimetrielevel
g
upstream ¢ontaminant concentration if no contaminant is recirculated

3.3

filtration efficiency

ability of the filter to retain particles expressed as the percentage of particles of a givemsize retaine
the filter upder test

34
overall efficiency
efficiency ¢alculated from the average upstream and downstream particle‘counts

3.5
X % micragmeter (um) rating
particle siZe corresponding to an overall efficiency of a given pergentage X

Note 1 to enftry: The unit given in pm should be in accordance with@ata presentation expressed in ISO 11171].

4 Symblols

The graphical symbols used in this document are’itraccordance with ISO 1219-1.
5 Test ¢quipment and materials

5.1 Tesjequipment

5.1.1 Teptrig

5.1.1.1 (enerality

The test 1fig is shown diagrammatically in Figure 1. It shall comprise a filter test circuit an
contaminapt injection circuit, as described in 5.1.1.2 and 5.1.1.3.

1 by

d a

5.1.1.2 Hilter test circuit

The filter test circuit shall include the following components:

a) reservoir (1) constructed with a conical bottom having an included angle of not more than 90

degrees and where the oil entering is diffused below the fluid surface;

b) oil pump (2) which does not alter the contaminant particle size distribution and which does
exhibit excessive flow pulses;

c) device, such as a filter head to accommodate spin-on filters, to connect the test filter (6) which
be by-passed or replaced by a straight section of the pipe;

not

can

d) system clean-up filter (9) capable of providing an initial system contamination level of less than 15

particles greater than 10 pm/ml;

2 © IS0 2017 - All rights reserved
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sampling valves in accordance with ISO 4021, for turbulent sampling upstream and downstream of

the test filter, for on-line particle counting (18) and for gravimetric analysis (11);
pressure gauges in accordance with ISO 3968;

piping sized to ensure that turbulent mixing conditions exist throughout the filter test c

5.1.1.3 Contaminant injection circuit

The contaminant injection circuit shall include the following components:

a)

b)

d)

ircuit.

reservolr (1Z2) constructed with a conical bottom having an 1ncluded angle orf not moyre than 90

degrees and where the oil entering is diffused below the fluid surface;

oil pump (13), centrifugal or of another type which does not alter the contamindnt p
distribution;

system clean-up filter (14) capable of providing either of the following cenditions:

1) an initial system contamination level of less than 1 000 particles per millilitre ha
greater than 10 pm;

2) agravimetric level less than 2 % of the calculated level dwhich the test is being
measured in accordance with the gravimetric method-described in ISO 4405;

piping sized to ensure that turbulent mixing conditions exist throughout the contamina
circuit.

hrticle size

ving a size

conducted,

1t injection

© IS0 2017 - All rights reserved
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A contamjfinant injection circuit 12 reservoir incorparating a thermostatically
controlled heater
B filter tept circuit 13 pump
C dilution} and counting system 14 clean-upilter
1 reservdir incorporating a thermostatically 15 heatexchanger
controlled heater
2  pump 16 _Ginjection pump
3  three-way valve 17" flow meter
4  pressuie gauge 18 sampling valve
5 differertial pressure gauge 19 dilution system
6  testfiltgr 20 particle sensor
7  throttlg valve (for pressure regulation) 21 particle counter
8 flow mgter 22 volume control valve
9 clean-up filter

10 heat exghanger
11 samplipg valve

Figure 1 — Diagrammatic arrangement of test rig

5.1.2 Online dilution and particle counting system
The online dilution and particle counting system shall include the following components:
a) online sample delivery pipework sized to maintain a fluid velocity which will prevent silting;

b) dilution system (19) comprising a reservoir, pump, clean-up filters, flowmeters and flow
regulation valves;

c) two optical particle sensors (20) connected to a counter (21) having a minimum of five channels.

4 © IS0 2017 - All rights reserved
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3 Timer

A timer capable of measuring minutes and seconds.

5.2

5.2.

5.2.

Test materials
1 Test contaminant

1.1 Contaminant grade

The
test

5.2

Thd
Co0

For
mix
den

5.2
Thd

6

Thd
last

dust.

1.2 Contaminant preparation

test dust shall be pre-dried in quantities not larger than 200 g for at least.’h at 105 °(
ed to room temperature. Maintain in a desiccator until required for use.

quantities greater than 200 g, dry for at least 30 min per additionat100 g. For use in the t
the test dust into the test fluid, mechanically agitate, then disperse ultrasonically wi
sity of 3000 W/m2 to 10 000 W/m?2 (see ISO 16889).

2 Test fluid

test fluid shall have a petroleum base and conform te-the specifications given in Annex 4

Accuracy of measuring instruments-and test conditions

measuring instruments shall be capable.of measuring to the levels of accuracy given in 1
column in Table 1 gives the limits within which the test conditions shall be maintained.

Table 1 — Instrument accuracy and test condition variation

contaminant shall be in accordance with the specification given for ISO 12103-1, A.3 me¢lium grade

+5°Cand

pst system,
Fh a power

=

able 1. The

Tegt condition Units Instrument reading accuracy |Allowed test|condition
variation

Tes]t flow rate l/min 2% 5%

Injgction flow rate ml/min +2 % 5%

Pressure Pa 5% —

Temperature °C +1°C +2°C

Vollime 1 5% +10 %

Bade upstream gravimetric|mg/1 — +10 %

lev¢l

Inittatcomductivity pS/T +16-% +566+566

Final conductivity pS/m +10 %

Viscosity 2 mm?2/s +5% /

Counting flow rate (APC)  |ml/min +1,5 % 3%

Injection circuit volume 1 2% /

Test circuit volume 1 £#2 % 5%

Mass g 0,1 mg /

Time sec 1s

a  The viscosity of the test liquid should be checked at regular intervals to ensure that the test is conducted at a liquid

temperature which corresponds to a viscosity of 15 + 1 mm?2/s.

© IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=97ce32a8c3eb964e2fe29dfdd8bed64b

ISO 4548-

12:2017(E)

7 Testrig validation

NOTE
entrainmen

tand/or preventing contaminant size modification.

7.1 Validation of filter test circuit

NOTE

7.1.1 Ins

7.1.2 Foy
one-half of
For flows h
the value o

7.1.3 Comtaminate the fluid to the calculated gravimetric level of 5 mg/1 using ISO 12103-1, A.3 test d

NOTE ’

7.1.4 Cir]
and 20 pm

7.1.5 Cal

is
pld

7.1.6 Acd
deviate by

7.2  Valid

7.2.1 Val
level to be

The filter test circuit is validated at the minimum flow rate at which the circuit will be operated.

tall a straight section of pipe in place of a test filter during the validation procedure.

flows of not more than 60 1/min, adjust the total circuit volume to be numerically.équsa
the value of the minimum flow volume per minute through the filter, with a minimtim of
igher than 60 1/min, adjust the total circuit volume to be numerically equal to ohie-quartg
f the minimum flow volume per minute through the filter.

'his contamination level is below the coincidence limit of automatic partiele counters.

culate the fluid in the test system for 1 h and obtain downstréant cumulative counts at 10
without online dilution at the 10 min sample intervals.

culate and record the online count (Cp) in particles permillilitre, using Formula (1):

/
c

/

rhe cumulative count for the seleeted sample period, in number of particles;

the volume of fluid in millilittes ‘passed through the particle counter sensor during the sg
 period.

ept the validation test only if each particle count obtained at 10 pm and 20 pum does

lation of conitaminant injection circuit

dateithe contaminant injection circuit at the maximum volume and the maximum gravimg
isedh

These validation procedures reveal the effectiveness of the test rig in maintaining contaminant

I to
61
r of

ust.

pum

@

m_

not

more than 10 % from'the average particle counts for these sizes and complies with ISO 11943.

tric

7.2.2 Add the required quantity of contaminant in a slurry form to the injection circuit fluid and
circulate for sufficient time to completely disperse the contaminant.

NOTE

to 20 min can be necessary for complete dispersion.

It is possible that not all systems be able to disperse contaminant at the same rate. A period of 10 min

7.2.3 Extract fluid samples at the point where the injection fluid is discharged into the filter test circuit

reservoir a

These sam

t 30 min intervals over 2 h and analyse each sample gravimetrically.

ples should be taken at the intended test injection flow rate.

7.2.4 Accept the validation test only if the gravimetric level of each sample is within #5 % of the
average of the four samples and if this average is within +5 % of the gravimetric value selected in 7.2.1.

6

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=97ce32a8c3eb964e2fe29dfdd8bed64b

ISO 4548-12:2017(E)

7.3 Validation of online dilution and particle counting system

Proceed as described in ISO 11943 to validate the online dilution system and proceed in accordance
with ISO 11171 to validate the particle counter.

NOTE A round robin exercise has been performed and demonstrated that reducing the matching tolerances
of the sensors improves the reproducibility of the procedure (see Annex D).

8 Preliminary preparation

8.1] Test filter assembly

8.1]1 Ensure that the test fluid cannot bypass the filter element to be evaluated. Unless/agre¢d between
the [purchaser and manufacturer, the bypass valve of the filter element shall be kept operative. If the
bypiass valve has been made inoperative, this shall be clearly stated in the test report.

8.1]2 Subiject the test filter element to a fabrication integrity test in accordance with ISO 942 using
MIL-H-5606 fluid prior to the multi-pass test or following the multi-pags-test if the element is[not readily
accgssible as in the spin-on configuration.

8.1]3 If the integrity test has been made prior to the multi-pass test and if it fails to m¢et the test
pressure agreed between the purchaser and the manufacturer, disqualify the element frpm further
testling.

8.2 Contaminant injection circuit

8.2]1 Using 10 mg/l as the base upstream gravimetric level, calculate the predicted test tfjme (T¢) in

minutes from Formula (2):

. _ R F, -
€ GxQ 10x0Q

whére

F. 1isthe estimated\capacity of the filter element, in mg;
G isthe base-upstream gravimetric level, in mg/l;

Q isthe test flow rate, in I/min.

A tdst duration of more than 30 min is recommended.

NOTE If the estimated capacity of the filter element (F¢) is not supplied by the manufacturer, the capacity

1 . 11 . 1 - 11
can peueterrIimea Uy LESUITE 4dIl CICIIICIIL, 1T TITTUCU.

The base upstream gravimetric level (G) of 10 mg/1 should be adhered to unless otherwise agreed upon
by the purchaser and the manufacturer. Base upstream gravimetric levels up to 25 mg/1 may be used
to shorten test times but only the results of filter tests using the same base upstream gravimetric level
can be compared.

© IS0 2017 - All rights reserved 7
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8.2.2 (alculate the minimum volume of fluid (Vm) in litres, required for the operation of the injection
circuit, which is compatible with the predicted test time and an injection flow rate of 0,25 /min, using

Formula (3):

Vm = 1,2T, xQ; + Vo (3)
where

Te isthe predicted test time, in min, obtained in 8.2.1;

Qi is fhemjection flow rate, In I/min;

Vo is the minimum volume of fluid in the injection circuit necessary to avoid air entrainmenit,

in [litres.

The calculated minimum volume should ensure a sufficient quantity of contaminantcflaid to load|the
element, plus 20 % for adequate circulation throughout the test and to avoid entrainment. Lafger

injection v

[t is strong

blumes may be used.

ly recommended to use an injection flow rate of 0,25 1/min. Highérinjection flow rates may

be used if they are less than 4 % of the test flow rate, in order to minimize the effects of extracfion
on the filtdr capacity. Lower injection rates may be used if the system¢is validated in accordance with
ISO 11943.
8.2.3 Callculate the gravimetric level (G;) in mg/1 of the injection'fluid, using Formula (4):
GxQ 10Q
G, = Gx@_100 Q
i ¢
where
G is the base upstream gravimetric levelin mg/l, established in 8.2.1;
Q isthe test flow rate, in 1/min;
Qi is the injection flow rate, in }/min.
8.2.4 Calculate the quantity-ef contaminant (W) in g, needed for the contaminant injection cir¢uit,
using Fornfula (5):
Gl xV.
W= 1 (5)
1000
where
Gi 1isthe gravimetriclevel, in mg/1, obtained in 8.2.3;
Vi isthe volume of fluid contained in the injection circuit, in 1.

8.2.5 Adjust the injection flow rate at stabilized temperature to within +5 % of the value selected in
8.2.2 and maintain throughout the test.

8.2.6 Circulate the fluid in the contaminant injection circuit through the clean-up filter (14) until either
of the following conditions is attained:

a)

b) agravimetric level of less than 2 % of the value determined in 8.2.3.

8

© ISO 2017 - All rights rese

a contamination level of less than 1 000 particles per millilitre having a size greater than 10 um;

rved


https://standardsiso.com/api/?name=97ce32a8c3eb964e2fe29dfdd8bed64b

ISO 4548-12:2017(E)

8.2.7 Bypass the system clean-up filter (14) after the required initial contamination has been achieved.

8.2.8 Adjust the total volume of the contaminant injection system to the value determined in 8.2.2.

8.2.9 Ensure that the conductivity of the test fluid and the injection fluid is at least 1 000 pS/m by
measuring fluid conductivity prior each test.

Alevel of 1 500 pS/m * 500 pS/m is recommended. An initial level of 100 ppm of an antistatic agent has
been shown to produce conductivity within this range.

8.2
W)

NOT
8.3
8.3

8.3
levd
ast

The
san

8.3
thid

8.3
prid

Ale
bee

8.3
filte

8.3

determined in 8.2.4, and circulate until the contaminant is completely dispersed.

E Complete dispersal of the contaminant can take between 10 min and 20 min.
Filter test circuit

1 Install a straight section of pipe in place of the test filter.

1 of less than 15 particles per millilitre having a size greaterthan 10 um is attained. Recor
he initial cleanliness level of the system.

contamination level should be checked with the online particle counting system which
e time, clean the sampling lines.

3 Adjust the fluid volume of the filter test circuit to the value determined in 7.1.2
value.

4 Ensure that the conductivity of thetest fluid is atleast 1 000 pS/m by measuring fluid c
r to each test.

vel of 1 500 pS/m # 500 pS/miis recommended. An initial level of 100 ppm of an antistati
h shown to produce conddctivity within this range.

5 Install the filter housing, without the test element, in the filter test circuit. For a sj
1, install this spin-onfilter body without an element inside.

6 CirculateS the fluid in the filter test circuit at the rated flow and at the stah

temperature(#2 °C. Measure and record the differential pressure of the empty filter housing (4

8.3

7 - “Adjust the channels on the particle counter to read the following particle sizes (expre|

ISO

10 Add, in slurry form to the contaminant injection circuit reservoir (12), the quantity oficgntaminant

2 Circulate the fluid in the filter test circuit through the cledn*up filter (9) until a contamination

 this value

will, at the

hnd record

bnductivity

c agent has

in-on type

ilized test
\p3).

ssed as per

9

9.1

9.1.

11471):
5 (6) channels counter : (5), 10, 15, 20, 30, 40.
16 channels counter :4,5,6,7,8,9, 10,11, 13, 15,17, 20, 25, 30, 40, 50.
Test procedure
Initial measurement

1 Install the filter element (6) in its housing and subject the assembly to the flowrate required
by the purchaser and to the temperature required to maintain an oil viscosity of 15 mm2/s + 1 mm?2/s.
Recheck the fluid level.

© IS0 2017 - All rights reserved
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9.1.2 Measure and record the differential pressure of the clean assembly (Ap1).
9.1.3 Calculate and record the differential pressure of the clean element (Ap2) from Formula (6):

Apz = Apy -Ap3 (6)

where

Ap1 is the differential pressure of the clean assembly measured in 9.1.2;

Ap3 i9 the differential pressure of the empty filter housing measured in 8.3.6.

9.1.4 Calculate the differential pressures (Aps) corresponding to increases of 100 % of-the[net
differentia| pressure using Formula (7):

Aps = Ap4 -Ap2 (7)
where

Aps 19 the element terminal differential pressure;
Apy i the differential pressure of the clean element obtained frem9.1.3.

NOTE For clarity, Ap1 to Ape are illustrated in Figure 2.

9.1.5 Obtain a fluid sample from the contaminant injection circuit, at the point where the fluid refurn
pipe dischdrges into the reservoir (12).

9.1.6 Mepsure and record the injection flow rate.

10 © IS0 2017 - All rights reserved
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9.1.7 Adjust the dilution at the start of the test to the anticipated maximum dilution required during
the test to avoid particle counter saturation.

Q

Ap,
Apj

Apg

Ap

Ap,

Apy

Aps

Key]
Ap1| differential pressure of the clean assembly

Apz| differential pressure of the clean element:

Ap3| differential pressure of the housing

Aps| terminal differential pressure of the.element

Aps| net differential pressure

Aps| differential pressure acrogsithe filter assembly at the end of the test

Ap measured differential pressure

Figure 2= Diagrammatic representation of filter differential pressures

9.2| Performance test

9.2]1 ~Bypass the clean-up filter (9).

9.2.2 Allow the injection flow to enter the filter test circuit reservoir.
9.2.3 Start the timer.
9.2.4 Start the upstream and downstream sample flows.

9.2.5 Record the differential pressure and count particles upstream and downstream during 50 s every
minute at the specified flow within the sensor.
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9.2.6 Calculate and record the online count (Co) using Formula (8):

N_xD
=—= (8)

N¢ isthe cumulative count for the sample interval, in number of particles;

D is the dilution factor;

<

i$ the volume of fluid passed through the particle counter sensor during the sample intef
val, in ml.

9.2.7 Regord the test time, in minutes, required for the differential pressure across the filter assembly
(Ap) to incfease by 80 % and 100 % of the net differential pressure (Aps).

9.2.8 Talte an upstream sample at valve (11) for gravimetric analysis when the differential presgure
across the filter assembly has increased by 80 % of the net differential pressure:

NOTE The sample is taken at the 80 % point because it often overlaps the,100°% point.

9.2.9 StT the flow to the test filter and measure and record the exact final volume of test fluid (V)
I

NOTE 100 % net differential pressure is reached during sampling, complete sampling before stopping the
flow to the fest filter.

9.2.10 Acgept the test if the final volume V¢ is within £10 % of the initial volume.

9.2.11 Obtain a final fluid sample from the contaminant injection circuit at the point where the injecfion
fluid is disgharged into the filter test circuit.

9.2.12 Mepsure and record the final injection flow rate.
9.2.13 Mepsure and report the finalconductivity.

9.2.14 Reinove the element and check that there is no visual evidence of filter damage as a result of
performing this test.

10 Calcullations'and report of test results

10.1 Calculations

10.1.1 General

Carry out the following calculations and record the results in the test report.
10.1.2 Gravimetric levels

10.1.2.1 Conduct a gravimetric analysis according to ISO 4405 on the two samples extracted from the
contaminant injection circuit (see 9.1.5 and 9.2.11) and on the upstream sample extracted from the filter
test circuit at the 80 % sample point (see 9.2.8)
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10.1.2.2 Record the non-retained contaminant concentration, in mg/1, at the 80 % sample point as the
final system gravimetric level (Gy).

10.1.2.3 Calculate and record the average of the gravimetric levels (Gi,) for the two samples taken from
the contaminant injection circuit in 9.1.5 and 9.2.11.

10.1.2.4 Accept the test only if the gravimetric level of each sample is within +10 % of the average Gija
calculated in 10.1.2.3.

10.1..2.5 Calculate and record the injection flow rate (QG) hy averaging the measurementstaken in 9.1.6
I (=] (=]

and|9.2.12.

10.1.2.6 Accept the test only if the value of Qi is equal to the selected value +5 % (see 8.2.2),

10.1.2.7 Calculate and record the actual base upstream gravimetric level (G,) injgng/l, using Fbrmula (9):
G — Gla X Qla
a
Q

whére

9

Gia is the average injection gravimetric level, in mg/l,.obtained in 10.1.2.3;
Qia is the average injection flow rate, in 1/min, obtained in 10.1.2.5;

Q isthe test flow rate, in I/min.
10.1.2.8 Accept the test only if the base upstream gravimetric level (G3) is equal to 10 mg/1 41 mg/1.
10.1.3 Filtration efficiencies

10.1.3.1 Average intermediatéefficiencies

From the upstream and downstream particle counts recorded from each channel of the counger in 9.2.6,
calqulate the average intenmediate efficiencies at each particle size, as described in C.1 and (.2.

Identify the maximam and minimum calculated intermediate efficiencies for each particle size and
recprd them in thé overall filtration efficiency table in the test report.

10.1.3.2 Overall efficiencies

Calgulatetthe overall efficiency, at each particle size, as described in C.3.

1.1 1 h 1 h B B oL + 1 P | : : +1 11 Co1 — cf s
REL ITUULIC LAItUldiTu OVET dIT TITICICIIL Y dl ©4UIT PdIUICIC SIZCT 11T LT OVELdIT T AULIUIT TITICICT Cy table n

the test report.

Prepare a graph of overall efficiency versus particle size, as shown in Figure B.2 and, if required by the
purchaser, also provide a graph as shown in Figure B.3.

10.1.4 Micrometer ratings

The graph of overall efficiency versus particle size may highlight the particle sizes which correspond
to overall efficiencies of 50 %, 75 % and 90 % as shown in Figure B.2. These particle sizes may also be
recorded in the test report sheet.

Optionally, and only in the case of high-efficiency filters, identify the particle sizes which correspond to
overall efficiencies of 98,7 % and 99 %.

© IS0 2017 - All rights reserved 13
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The particle sizes which correspond to overall efficiencies of 98,7 % and 99 % cannot be determined
graphically with acceptable accuracy. These values should therefore be calculated by linear

interpolation.

10.1.5 Injected mass of contaminant

Calculate the mass of contaminant injected into the filter element (M;) in g, using Formula (10):

Mi=Qijax Giax T /1000 (10)
where

Qia i the average injection flow rate, in 1/min, calculated in 10.1.2.5;

Giz i the average gravimetric level of the injection fluid, in mg/l, calculated in 10.1.2.3;

T  ig the time required to reach the terminal differential pressure, in min (front 9.2.7).
Record thelcalculated value of M; in the test report.
10.1.6 Non-retained mass of contaminant
Calculate the non-retained mass of contaminant (M) in g, using Formula (11):

Mur = Ve x Ge/ 1 000 (11)
where

V¢ is the final volume of test fluid, in 1, obtained-in 9.2.9;

Gt is the final system gravimetric level, innmg/1, obtained in 10.1.2.2.
Record thel calculated value of My, in the téstreport.
10.1.7 Retained filter capacity
Calculate the retained filter capagity (C;) in g, using Formula (12):

Cr = Ml — Mnr 12)
where

M;  i$ the mass of contaminant injected into the filter element, in g, obtained in 10.1.5;

M, isthe non-retained mass of contaminant. in g, obtained in 10.1.6

Record the calculated value of C; in the test report.

NOTE

the contaminant extracted upstream and downstream for particle counting.

10.2 Testreport

A typical test report is given in Annex B.

14

The retained capacity as calculated here is an approximate value since it does not take into account
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(normative)

Specification of test fluid for oil filter testy

A.1 Petroleum base stock
 J—FetFeretHn-B3Se-StoEXk

The petroleum base stock shall have the following properties.

— pour point: -59,4 °C (minimum)

— fllash point: 93,3 °C (minimum)

— 4cid or base number: 0,10 mg KOH/g(maximum)
— precipitation number: 0

A.2 Additives

The test fluid shall contain the following additive materials.

— Vfiscosity-temperature coefficient improver: 10°% (maximum)
— gxidation inhibitors: 2 % (maximum)
— tricresyl phophate anti-wear agent: 0,5%%0,1%

The free phenol content of the tricresyl*‘phosphate anti-wear agent should not exceed 0,05 %.

A.3 Properties

The test fluid shall have the'following properties.

— Vfiscosity at 40 °C; 13,2 mm?2/s (minimum)
— Vfiscosity atw40 °C: 500 mm2/s (minimum)
— pour point: -59,4 °C (minimum)

— fldsh point: 93,3 °C (minimum)

— precipitation number: 0

— acid or base number: 0,2 mg KOH/g (maximum)

NOTE 1 mm?2/s =1 cSt.

A.4 Colour

The test fluid shall be clear and transparent. For identification, it shall contain a red dye in a proportion
not greater than one part of dye per 10 000 parts of oil.

1) Suitable test fluids are aircraft hydraulic oils MIL-H-5606 and AIR 3520.
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Annex B
(informative)

Typical filter test report

Typical test report sheets are illustrated in Tables B.1 and B.2. The test report should include the
following additionalinformationpresentedingraphicalforn:

TCroTo T T T o I oo pProstretor T g T o pircor ToT it

a) agraph of differential pressure with respect to time and mass of contaminant added, as illustrjted
in Figyre B.1;

b) agraph of overall efficiency with respect to particle size, as illustrated in Figure B.2,

If required by the purchaser, the manufacturer should also include a graph of ovérall efficiency with
respect to particle size (semi-logarithmic presentation), as illustrated in Figure.B.3.
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Table B.1 — Test report sheet

TEST IDENTIFICATION
TEST DATE: TEST LOCATION: TEST ID:
TEPT TIME: OPERATOR: PROJECT:
FILTER IDENTIFICATION
FILTER ID: BYPASS VALVE FABRICATION INTEGRITY: hPa)
HOUSING TYPE: OPERATIVE: YES/NO DATE OF MANUFAGTURE
OPllRATING CONDITIONS
TEPT FLUID Type: Viscosityx (mm2/s)
Initial Conductivity: (pS/m) Temperature: (°Q)
Final conductivity:  (pS/m)
TEST DUST Type: Batch no:
INJECTION SYSTEM  |Dust added W: (g) Injection grav. initial: (mg/1)
Volume V;: 1)) Injection grav. final: (mg/1)
Injection flowrate (ml/min) |Injection grav. average Gi: (mg/f1)
Qia:
TEST SYSTEM: Flowrate Q: (1/min) Initial cleanliness: (#>10 pm/ml)
Volume: 1) Base gravimetric level G5:  (mg/1)
Final volume-Vy: 1)) Final gravimetric level Gz  (mgJ}1)
DIILUTION SYSTEM Sensoritype: Sample time: (s)
Flowrate: (ml/min) |Hold time: (s)
Sampling time: (min)
Upstream dilution ratio: Number of counts to average:
Downstream dilution ratio: Total counts:
TEST RESULTS
DIHFERENTIAL CLEAN ASSY APq: (kPa) CLEAN ELEMENT AP;y: (kPq)
PRESSURE
HOUSING AP3: (kPa) FINAL NET APs: (kPa)
% NET AP 10 15 20 40 80 100
ASSY AP (kPa)
TEST TIME (min)
OVERALL FILTRATION EFFICIENCY
Particle size >5 um >6 um >7 um >8 um >9 um >10um | >11pum | >13 pm
Max. Eff. (%)
Min. Eff. (%)
Overall Eff. (%)
Particle size >15um | >17pum | >20pum | >25um | >30pum | >35um | >40 um | >50 um
© IS0 2017 - All rights reserved 17
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Max. Eff. (%)

Min. Eff. (%)

Overall Eff. (%)

Efficiency (%) 50 75

90 97,81) 991)
Micrometer rating (um):
1) Optional, and only in the case of high efficiency filters

A
Injected mlass M : (2) | Non retained mass My: (2) | Retained capacity C;: AQ\ (2) |
7
NV
b
N
%

18
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Table B.2 — Presentation of test results

TEST DATE: TEST LOCATION: TEST ID:
TEST TIME: OPERATOR: PROJECT:

FILTRATION EFFICIENCY - ELAPSED TIME: (MIN) - DIFF. PRESSURE: (kPa)

Particle size >5 um >6 um >7 pm >8 um >9 um >10um | >11um | >13 pm

UPJTREAM

DOWNSTREAM

EFHICIENCY %

Parficle size >15um | >17pum | >20um | >25pum | >30um | >35pum’™ 540 um| | >50 um

UP§TREAM

DOWNSTREAM

EFHICIENCY %

FILTRATION EFFICIENCY - ELAPSED TIME: (MIN) - DIFF. PRESSURE: (kPa)

Parficle size >5 um >6 um >7 um >8 um >9 um >10 pum | >11 pm|| >13 pm

UP§TREAM

DOWNSTREAM

EFHICIENCY %

Particle size >15um | >17 pm >20 pm_p >25pum | >30 pm | >35pum | >40 um|| >50 um

UP§TREAM

DOWNSTREAM

EFHICIENCY %

FILTRATION EFFICIENCY - ELAPSED TIME: (MIN) - DIFF. PRESSURE: (kPa)

Particle size >5 um =6Uum >7 um >8 um >9 um >10 um | >11 um(| >13 pm

UP§TREAM

DOWNSTREAM

EFHICIENCY %

Particle size >15um | >17 pm >20pum | >25um | >30pum | >35pum | >40 um|| >50 um

UP§TREAM

DOWNSTREAM

EFHICIENCY %

FILTRATION EFFICIENCY - ELAPSED TIME: (MIN) - DIFF. PRESSURE: (kPa)

Particle size >5 um >6 um >7 pm >8 um >9 um >10um | >11um | >13 pm

UPSTREAM

DOWNSTREAM

EFFICIENCY %

Particle size >15um | >17 pm >20pum | >25pum | >30pm | >35pum | >40 um | >50 um

UPSTREAM

DOWNSTREAM

EFFICIENCY %
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Figure B.2 — Graph of overall efficiency vs. particle size
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Figure B.3 — Graph of overall.efficiency versus particle size (semi-logarithmic pres¢ntation)
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Annex C
(normative)

Filter efficiency calculations

C.1 General-conditions

For the putpose of this example, it is assumed that particles were counted at 1 min intervals, upstr¢am
and downgtream, in 16 channels, during a test time of 86 min. These example calculations rélate tofone
channel in which the particle size was >20 um and the readings taken at 1 min intervals were as sh¢gwn
in Table C.1.

Table C.1 — Particle counter readings in one channel

TIME INTERVAL PARTICLE COUNT TIME INTERVAL PARTICLE COUNT
(MIN) UPSTREAM | DOWNSTREAM (MIN) UPSTREAM DOWNSTREAN

1 14,4 1,0 16 209,6 77,0

2 171,4 35,3 17 217,8 73,1

3 191,7 53,8 18 193,3 68,9

4 163,7 47,3 19 204,2 84,3

5 190,9 51,5 20 2244 85,5

6 182,8 54,9 — — —

7 165,2 41,8 — — —

8 191,5 66,7 — — —

9 186,4 57,5 80 382,6 207,8

10 218,4 49,4 81 3509 198,2

11 190,7 54,9 82 3477 208,3

12 174,8 59,1 83 308,3 165,2

13 210,6 55,0 84 309,0 1577

14 242,3 66,9 85 297,5 162,0

15 188,0 82,8 86 295,7 147,4
NOTE The r¢adings takem-atitime intervals 21 min to 79 min have been omitted from the table since they are not releyant
to the example calculations.
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Calculation of filter intermediate efficiencies

Intermediate efficiencies are calculated from the average particle counts, upstream and downstream,
at either of the following time intervals:

a)
b)

5 min if the duration of the test did not exceed 1 h;

10 min if the duration of the test exceeded 1 h.

Int
cald

C.2

In order to eliminate potentially erroneous particle counts obtained prior tostabilization of 1

the

The

wh

()

D

the

C.2

The
For|

N

he present example, the duration of the test was 86 min. Therefore, the intermediate effic
ulated for each 10 min interval.

1 First 10 min interval

first three minutes of the test are disregarded.

intermediate efficiency of the filter at the 10 min interval (E1¢) is calculated using Form

C -C
Ej = Zuld  "d10 w10
CulO
bre

u10 is the average of the upstream counts taken atthe 4 min to 10 min intervals

o 163,7 +190,9+............. +218,4

7
d10 is the average of the downstream cournts taken at the 4 min to 10 min intervals

o 47,3+51,5+...uenn.... + 49, 4

refore,

185,56 - 52,73
10 185,56
2 Subsequent10 min intervals

%100 =71,58 %.

intermediate efficiency is calculated for each of the subsequent 10 min intervals in accor
mula (C:2)as an example (Ezp) which corresponds to the 20 min interval:

C ,,—C

iencies are

he system,

ila (C.1):

(c.1)

dance with

E7n — u20 d20 X100

(C.2)

L w20

where

Cu20 is the average of the upstream counts taken at the 11 min to 20 min intervals

(i.e

©IS

190,7 +174,8 + cveveveen.. +224.4
' 10

10
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05,57 — 70,75

20

x 100 = 65,58 % .
205,57

C.2.3 Final interval

The intermediate efficiency for the final interval of 6 min (i.e. period 81 min to 86 min) is calculated

using Formula (C.3):

C o —C

u86 d86

E86 -

where
Cuggist

35

raY
1UU

Cu86

e average of the upstream counts taken at the 81 min to 86 intervals

(i.e.
Cgseist

(e, 198

therefore,

E 3

18,18 — 173,13

86

C.3 Calg
The overal

using Forn

E

020

where
Cuo20 is

e 163

-C
_ uo20 do20 X 100

x 100 = 45,59 %.
318,18

ulation of filter overall efficiencies

efficiency of the filter at the >20 pm(c)particle size, selected for this example, is calculd

jula (C.4):
C

CquO

the average of theupstream counts taken at the 1 min intervals from 4 min to 86 min

7 +190,9 4

Cdo20 is

83

C.3)

ted

47,

(i.e.

therefore;

287,35-142,5

020

24

%100 = 50,41 %.
287,35
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Annex D
(informative)

Round robin exercise

D.1 General
. Fenera:

There is a need to quantify the uncertainties relative to the determination of the filtratioy
and the retention capacity of a lubricating oil filters according to this document.

A round robin exercise has been performed among four laboratories to quantify,the repeat
the[reproducibility of the procedure of this document by measuring the overall-efficiency (
and retention capacity (Figure D.2) of a typical oil filter.

D.2 Test conditions

— |Flow rate: 25 1/min;

— | Test dust: ISO MTD specified according to ISO 12103-1, A:3;

— |Final differential pressure = Initial differential pressure +100 kPa;

— |Online particle counting and online dilution calibrated as per ISO 11171 and ISO 11943 [p
expressed in pum (c)];

— |Base upstream gravimetric level (bugl)= 10 mg/1.

| efficiency

ability and
Figure D.1)

article size
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D.3 Testresults
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Figure ID.1 — Filtration efficiency of a typical ojl\ﬁlter (using different ISO MTD batches and
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