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Forewor

d

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 wit
Commissio

Internationd

Draft Intern
Publication

Attention is
rights. ISO

Internations
engines, S\

ISO 4548 ¢
internal con

Part 1:
Part 2:
Part 3:
Part 4:
Part 5:
Part 6:
Part 7:
Part 9:

Part 14

SO, alS0 ake part i the Work. 150 collaborates closely WIth the mternatonal Elecirqg
n (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’3.

htional Standards adopted by the technical committees are circulated to the member bodies f
as an International Standard requires approval by at least 75 % of the membej-bodies casting

drawn to the possibility that some of the elements of this part of ISO 4548 may be the subject
hall not be held responsible for identifying any or all such patent rights,

| Standard 1SO 4548-12 was prepared by Technical Committee ISO/TC 70, Internal co
bcommittee SC 7, Tests for lubricating oil filters.

bnsists of the following parts, under the general title Metheds of test for full-flow lubricating oill
nbustion engines:

Differential pressure/flow characteristics

Element by-pass valve characteristics

Resistance to high differential pressure,and to elevated temperature

Initial particle retention efficiency, life and cumulative efficiency (gravimetric method)
Cold start simulation and hydraulic pulse durability test

Static burst pressure-test

Vibration fatigue test

Inlet and,outlet anti-drain valve tests

: Life‘'and cumulative efficiency in the presence of water in oil

technical

br voting.
h vote.
of patent

imbustion

filters for

Part 1

Annexes A

T : ran
. QCI=Credaririg et s

Part 12: Filtration efficiency using particle counting, and contaminant retention capacity

and C form a normative part of this part of ISO 4548. Annex B is for information only.
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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.

TogethefThe TeStS provide the Information necessary t0 assess the characterisiics of a fier, but T agreled between
the purchaser and the manufacturer, the tests may be conducted separately.

© 1SO 2000 — All rights reserved
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ISO 4548-12:2000(E)

Methods of test for full-flow lubricating oil filters for internal
combustion engines —

reten

1 Scd

This part
line parti
engines.

The test
differenti

This test
efficiency

NOTE
of 4 I/min

2 Nor

The follo
this part
do not a
possibilit
referencq
registers

ISO 1214
Graphic

ISO 2941

lon capacity

~
"

pe

of 1ISO 4548 specifies a multi-pass filtration test with continuous contaminant injection and u
le counting method for evaluating the performance of full-flow lubricating oil filters for internal

procedure determines the contaminant capacity of a filter; its particulate removal charact

bl pressure.

is intended for application to filter elements having-a.rated flow between 4 I/min and 600 I/min

of less than 99 % at a particle size greater than. 20 pum.

Several test flow loops built into one test rig, or several test rigs, would be required to cover the comple

0 600 I/min.

Mmative references

ving normative documents ‘eontain provisions which, through reference in this text, constitute g
Df 1ISO 4548. For dated.references, subsequent amendments to, or revisions of, any of these
bply. However, parties-to agreements based on this part of ISO 4548 are encouraged to inv

of applying the-“moOst recent editions of the normative documents indicated below. H

s, the latest edition of the normative document referred to applies. Members of ISO and IE
of currently valid’International Standards.

-1:1991\Fluid power systems and components — Graphic symbols and circuit diagrams
Eymbals.

5ing the on-
combustion

eristics and

and with an

te flow range

rovisions of
publications
estigate the
or undated
FC maintain

5 — Part 1:

1994 _Hydraulic fluid power — Filter elements — Verification of fabrication integrity and detel

‘mination of

the first bubble point.

ISO 3968:1981, Hydraulic fluid power — Filters — Evaluation of pressure drop versus flow characteristics.

ISO 4021:1992, Hydraulic fluid power — Particulate contamination analysis — Extraction of fluid samples from
lines of an operating system.

ISO 4405:1991, Hydraulic fluid power — Fluid contamination — Determination of particulate contamination by the
gravimetric method.

© 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=f136fb5afdf4413bd7a47b34bc4d1e20

ISO 4548-12:2000(E)

ISO 11171:1999, Hydraulic fluid power — Calibration of automatic particle counters for liquids.

ISO 11841-1:—1), Road vehicles and internal combustion engines — Filter vocabulary — Part 1: Definitions of
filters and filter components.

ISO 11841-2:—1), Road vehicles and internal combustion engines — Filter vocabulary — Part 2: Definitions of
characteristics of filters and their components.

ISO 11943:1999, Hydraulic fluid power —On-line automatic particle-counting systems for liquids — Methods of
calibration and validation.

ISO 12103-

3 Terms

For the pu

together with the following, apply.

3.1

multi-pass test

1:1997, Road vehicles — Test dust for filter evaluation — Part 1: Arizona test dust.

5 and definitions

rposes of this part of 1SO 4548, the terms and definitions given in 1SO 11841-1and 1SO

11841-2,

the filter

test which requires the recirculation of unfiltered fluid through the filter element

3.2

base upstrgdam gravimetric level

upstream cpntaminant 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 given size retained by
under test

3.4

overall efficlency

efficiency calculated from the average upstream and downstream patrticle counts

35

X % micron|2) (um) rating

particle sizg, in micrometres, coffesponding to an overall efficiency of a given percentage X

4 Symbpls

The graphigal symbols used in this part of ISO 4548 are in accordance with ISO 1219-1.

5 Equipment

5.1 Testrig

The test rig shall comprise a filter test circuit and a contaminant injection circuit, as described in 5.1.1 and 5.1.2.
See Figure 1.

1) To be published.

2) 1 micron

= 1 micrometre.

© 1SO 2000 — All rights reserved
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le valve (for pressure regulation)
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Reservoir incorporating a thermostatically cont|
heater

Pump

Clean-up filter

Heat exchanger
Injection pump

Flow meter
Sampling valve
Dilution system
Particle sensor
Particle counter
Volume control valve

rolled

A Contaminant injection circuit
B Filter test circuit
C Dilution and counting system

Figure 1 — Diagrammatic arrangement of test rig
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5.1.1 Filter test circuit

The filter test circuit shall include the following components.

a)

b)

c)

d)

e)

f)

)}

5.1.2 Contaminant injection circuit

The contanjinant injection circuit shall include the following components:

a)
b)
c)
1) an
ac
d) Piping
5.2  On-li
The on-line
a) On-ling
b)
c)
5.3
4

Reservoir (1) constructed with a conical bottom having an included angle of not more than 90° and where the
oil entering is diffused below the fluid surface.

Oil pump (2) which does not alter the contaminant particle size distribution and which does not exhibit
excessive flow pulses.

Device

passed or replaced by a straight section of pipe.

Systen) clean-up filter (9) capable of providing an initial system contamination level of less than 15
greater| than 10 pum/ml.

Sampli

filter, fgr on-line particle counting (18) and for gravimetric analysis (11).

Pressure tappings in accordance with ISO 3968.

Piping

Reservoir (12) constructed with a conical bottom having ansincluded angle of not more than 90° and
oil entdring is diffused below the fluid surface.

Oil pump (13), centrifugal or of another type whiclidoes not alter the contaminant particle size distribu

Systen clean-up filter (14) capable of providihg either of the following conditions:

2) a gravimetric level less than 2% of the calculated level at which the test is being conducted, me

such as a filter head to accommodate spin-on filters, to connect the test filter (6) which can be by-

hg valves in accordance with 1ISO 4021, for turbulent sampling upstream andrdownstream o

sized to ensure that turbulent mixing conditions exist throughout thelfilter test circuit.

initial system contamination level-of less than 1 000 particles/ml having a size greater than 10

cordance with the double membrane gravimetric method described in ISO 4405.
sized to ensure that turbulent mixing conditions exist throughout the contaminant injection circu
ne dilution and{particle counting system

dilution-and particle counting system shall include the following components:

sample delivery pipework sized to maintain a fluid velocity which will prevent silting.

particles

f the test

vhere the

tion.

Lim;

asured in

—

Dilution system (19) comprising a reservoir, pump, clean-up filters, flowmeters and flow regulation valves.

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

Timer, capable of measuring minutes and seconds.

© ISO 2000 — All righ

ts reserved
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6 Materials
6.1 Test contaminant

6.1.1 Contaminant grade

The contaminant shall be in accordance with the specification given for ISO 12103-A3 medium grade test dust in
ISO 12103-1:1997.

6.1.2 Contaminant preparation

The test dust shall be pre-dried in quantities no larger than 200 g for at least 1 h at 105 °C + 5 °C, codled to room
temperature and maintained in a desiccator until required for use.

6.2 Teptfluid, having a petroleum base and conforming to the specifications given in annex A.

7 Accuracy of measuring instruments and test conditions

The medsuring instruments shall be capable of measuring to the levels oftaccuracy given in Table|1l. The last
column i the table gives the limits within which the test conditions shall be, maintained.

Table 1 — Instrument accuracy and test ¢condition variation

Test condition Units Measurement@accuracy Allowed test
condition variation

Flow I/min +2% +5%
Pressure Pa 5% -
Temperature °C +1°C +2°C
Volume I +5% +10%
Base upstream mg/l - + 1 mgll
gravimetric level
Conductivity pS/m +10%
Viscosity & mm?2/s +5%

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 mm?2/sec + 1 mm2/sec.

8 Tesgt rig validation

NOTE These validation procedures reveal the elfecliveness of the test rg In mamtaming contaminant entrainment and/or
preventing contaminant size modification.

8.1 Validation of filter test circuit

8.1.1 Validate the filter test circuit at the minimum flow rate at which the circuit will be operated. Install a straight
section of pipe in place of a test filter during the validation procedure.

8.1.2 For flows of less than 60 I/min, adjust the total circuit volume to be numerically equal to one-half of the
value of the minimum flow volume per minute through the filter, with a minimum of 6 I. For flows higher than 60
I/min, adjust the total circuit volume to be numerically equal to one-quarter of the value of the minimum flow volume
per minute through the filter.

© I1SO 2000 — All rights reserved 5
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8.1.3

NOTE

Contaminate the fluid to the calculated gravimetric level of 5 mg/l using ISO 12103-A3 test dust.

This contamination level is below the coincidence limit of automatic particle counters.

8.1.4 Circulate the fluid in the test system for 1 h whilst obtaining downstream cumulative counts at 10 um and
20 pum without on-line dilution at 10 min sample intervals.

8.1.5

Calculate and record the on-line count (C,) in particles/ml, using the equation

8.1.6 Acq

each p
particlg

the ave

the pan

8.2 Valid

8.2.1
used.

Val

8.2.2 Adqg
sufficient tin

NOTE A
complete dis|

8.2.3 Ext
30 min inte

NOTE L

8.24 Acqg
four samplg

s the cumulative count for the selected sample period, in number of particles;

s the volume of fluid, in millilitres, passed through the particle counter sensor during the sampl
ept the validation test only if:

article count obtained at 10 um and 20 um does not deviate by more than 10 % from the
counts for these sizes;

rage for all particle counts per millilitre at channel > 10 um_iS«ot less than 750 nor more than 1

ticle counts per millilitre at channel > 20 um are not less than 70 nor more than 120.

ation of contaminant injection circuit

date the contaminant injection circuit at the maximum volume and the maximum gravimetric le
the required quantity of contaminant in a slurry form to the injection circuit fluid and cir

he to completely disperse the contaminant.

Il systems may not disperse (contaminant at the same rate. A period of 10 min to 20 min may be neg
pbersion.

act fluid samples at'the point where the injection fluid is discharged into the filter test circuit re
vals over 2 h and-analyse each sample gravimetrically.

hese samples.should be taken at the intended test injection flow rate.

ept thevalidation test only if the gravimetric level of each sample is within + 5 % of the avera
s and if this average is within £ 5 % of the gravimetric level selected in 8.2.1.

b period.

average

000;

bvel to be

ulate for

essary for

servoir at

ge of the

8.3 Valid

ation of on-line dilution and particle counting system

Proceed as described in 1SO 11943 to validate the on-line dilution system and proceed in accordance with
ISO 11171 to validate the particle counter.

© 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=f136fb5afdf4413bd7a47b34bc4d1e20

ISO 4548-12:2000(E)

9 Preliminary preparation

9.1 Te

st filter assembly

9.1.1 Ensure that the test fluid cannot by-pass the filter element to be evaluated. Unless agreed between the
purchaser and manufacturer, the by-pass valve of the filter element shall be kept operative. If the by-pass valve has
been made inoperative, this shall be clearly stated in the test report.

9.1.2 Subject the test filter element to a fabrication integrity test in accordance with ISO 2942 using MIL-H-5606
fluid prior to the multi-pass test or following the multi-pass test if the element is not readily accessible as in the spin-

"
Ul AaAtivulT.

on confi

9.1.3 |
agreed b
has beer

9.2 Cd

9.21
using the

Q
NOTE 1

NOTE 2
determing

NOTE 3

purchase
results of

9.22 (
is compd

ptween the purchaser and the manufacturer, disqualify the element from further testing. If the i
carried out after the multi-pass test and if it fails, disqualify the test result.

ntaminant injection circuit

sing 10 mg/l as the base upstream gravimetric level, calculate the predicted test time, (Tg)

equation:
| FC _ FC
GxQ 10xQ

is the estimated capacity of the filter element, in milligrams;
is the base upstream gravimetric level, in milligrams per litre;
is the test flow rate, in litres per minute,

A test duration of more than 30 min is_fecommended.

If the estimated capacity of-the*filter element (F.) is not supplied by the manufacturer, it may be
the capacity by testing an element.

The base upstream¢gravimetric level (G) of 10 mg/l should be adhered to unless otherwise agreed
and the manufacturen. Base upstream gravimetric levels up to 25 mg/l may be used to shorten test time
ilter tests using the,same base upstream gravimetric level can be compared.

Lalculate the/minimum volume of fluid (V) in litres, required for the operation of the injection ¢
tible with.the predicted test time and an injection flow rate of 0,25 I/min, using the equation:

12Te x Qi + Vo

the integrity test has been carried out prior to the multi-pass test and if it fails to meet(the’ tg

st pressure
ntegrity test

in minutes

necessary to

upon by the
but only the

rcuit, which

where
Te
Q
Vo

NOTE 1

is the predicted test time, in minutes, obtained in 9.2.1;

is the injection flow rate, in litres per minute;

is the minimum volume of fluid, in litres, in the injection circuit necessary to avoid air entrainment.

The calculated minimum volume should ensure a sufficient quantity of contaminant fluid to load the element, plus
20 % for adequate circulation throughout the test and to avoid entrainment. Larger injection volumes may be used.

© 1SO 2000 — All rights reserved
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NOTE 2 It is strongly recommended to use an injection flow rate of 0,25 I/min. Higher injection flow rates may be used if they
are less than 4 % of the test flow rate, in order to minimize the effects of extraction on the filter capacity. Lower injection rates
may be used if the system is validated in accordance with ISO 11943. In all cases, the flow rates extracted for dilution and
counting upstream and downstream should each be 50 % of the injection flow rate, or as balanced using the downstream
volume control valve (22) shown in Figure 1.

9.2.3 Calculate the gravimetric level (G)) in mg/l of the injection fluid, using the equation:

G - GxQ _ 10Q
Qj Qj
where
G s the base upstream gravimetric level, in milligrams per litre, established in 9.2.1;
Q s the test flow rate, in litres per minute;
Qi s the injection flow rate, in litres per minute.

9.2.4 Calgulate the quantity of contaminant (W) in grams, needed for the contamifnant injection circuit, psing the
equation:

W2
1000
where
G; s the gravimetric level, in milligrams per litre, obtained in 9.2.3;
Vi s the volume of fluid contained in the injection.circuit, in litres.

9.2.5 Adjust the injection flow rate at stabilizedtemperature to within £ 5 % of the value selected in 9.2.2 and
maintain thjoughout the test.

9.2.6 Cirgulate the fluid in the contaminant injection circuit through the clean-up filter (14) until either of the
following cdnditions are attained:

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

b) a gravimetric level of lessthan 2 % of the value determined in 9.2.3.

9.2.7 By-pass the system clean-up filter (14) after the required initial contamination has been achieved.

9.2.8 Adjpst the_ total volume of the contaminant injection system to the value determined in 9.2.2.

9.2.9 Engur@that the conductivity of the test fluid and the injection fluid is at least 1 000 pS/m by measuyrring fluid
conductivity prior to each test.

NOTE A level of 1 500 pS/m + 500 pS/m is recommended. An initial level of 0,01 % of an antistatic agent has been shown
to produce conductivity within this range.

9.2.10 Add, in slurry form to the contaminant injection circuit reservoir (12), the quantity of contaminant (W)
determined in 9.2.4, and circulate until the contaminant is completely dispersed.

NOTE Complete dispersal of the contaminant may take between 10 min and 20 min.

8 © IS0 2000 — All rights reserved
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9.3 Filter test circuit

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

9.3.2 Circulate the fluid in the filter test circuit through the clean-up filter (9) until a contamination level of less
than 15 particles per millilitre having a size greater than 10 um is attained. Record this value as the initial
cleanliness level of the system.

NOTE

The contamination level should be checked with the on-line particle counting system which will, at the same time,
clean the sampling lines.

9.33 4

9.34 H

each tesi.

NOTE
to producg

9.35 |
spin-on f

9.3.6 (
Measure

937 A
— 5-(4

— 16-c

10 Tes

10.1 Ini

10.1.1 |
purchasg
level.

djust the fluid volume of the filter test circuit to the value determined in 8.1.2 and record thisvglue.

Ensure that the conductivity of the test fluid is at least 1000 pS/m by measuring fluid eonduct

A level of 1 500 pS/m + 500 pS/m is recommended. An initial level of 0,01 % of an antistatic agent hag
e conductivity within this range.

nstall the filter housing, without the test element, in the filter test circuit,-For a spin-on type filte
Iter body without an element inside.

Circulate the fluid in the filter test circuit at the rated flow and‘at the stabilized test tempera
and record the differential pressure of the empty filter housing(Ap3).

djust the channels on the particle counter to read the follewing particle sizes:
) channel counter : (5), 10, 15, 20, 30, 40;

hannel counter :5,6,7,8,9, 10, 11, 13, 15,17, 20, 25, 30, 35, 40, 50.

t procedure

ial measurement

hstall the filter element (6) in its housing and subject the assembly to the flow rate requ
r and to the temperature required to maintain an oil viscosity of 15 mm2/s + 1 mm2/s. Reche

10.1.2 Measure and «ecord the differential pressure of the clean assembly (Apy).

10.1.3 (

Apz

Lalculateand record the differential pressure of the clean element (Ap,) using the equation:

vity prior to

been shown

r, install this

ture + 2 °C.

ired by the
eck the fluid

= (AP — Aps

where
App

Ap3

is the differential pressure of the clean assembly measured in 10.1.2;

is the differential pressure of the empty filter housing measured in 9.3.6.

© 1SO 2000 — All rights reserved
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10.1.4 Calculate the differential pressures (Aps) corresponding to increases of 80 % and 100 % of the net
differential pressure using the equation:

Aps = Aps — Ap2

where

Apg  is the element terminal differential pressure;

Apy s the differential pressure of the clean element obtained from 10.1.3.
NOTE For clarity, Ap; to Apg are illustrated in Figure 2.
10.1.5 Obfain a fluid sample from the contaminant injection circuit, at the point where the fluid refurn pipe
discharges jnto the reservoir (12).
10.1.6 Meagasure and record the injection flow rate.
10.1.7 Adjpst the dilution at the start of the test to the anticipated maximum dilution\xequired during the test to
avoid particle counter saturation.
10.2 Perfgrmance test
10.2.1 By-pass the clean-up filter (9).
10.2.2 Allgw the injection flow to enter the filter test circuit reservoir.
10.2.3 Staft the timer.
10.2.4 Start the upstream and downstream sample flows.
10.2.5 Record the differential pressure and count particles upstream and downstream for 50 s every minpte at the
flow specifigd in the sensor.
10.2.6 Calculate and record the on-line count(Cg) using the equation:

- JexD

where

Nc s the cumulative.eount for the sample interval, in number of particles;

D s the dilutiop.factor;

\% s the velume of fluid passed through the particle counter sensor during the sample interval, in millilitres.
10.2.7 Regard, the test time, in minutes, required for the differential pressure across the filter assembly (Ap) to
increase by-86-%and-166-%tofthe-finatnet-differentiat-pressure-Aps)-

10.2.8 Take an upstream sample at valve (11) for gravimetric analysis when the differential pressure across the

filter assem
NOTE
10.2.9 Sto

NOTE
filter.

bly has increased by 80 % of the net differential pressure.

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

p the flow to the test filter and measure and record the exact final volume of test fluid (Vy).

10.2.10 Accept the test if the final volume (Vs) is within + 10 % of the initial volume.

10

If 100 % net differential pressure is reached during sampling, complete sampling before stopping the flow to the test
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Aps

Apy

Apg

Ap

Ap,

Ap,

Aps

Key
Ap Measured differential pressure
Ap, Diffefential pressure of the clean assembly

Ap, Diffefential pressure of the clean element

Apz Diffefential pressure of the housing

Aps Ternfinal differential pressure of the element

Aps Finallnet differential pressure

Ape Diffefential pressure across theilter assembly at the end of the test

Figure 2— Diagrammatic representation of filter differential pressures

10.2.11 |Obtain afinal fluid sample from the contaminant injection circuit at the point where the injection fluid is
dischargéd into thefilter test circuit.

10.2.12 |Measure and record the final injection flow rate.

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

11 Calculations

11.1 Gravimetric levels
11.1.1 Conduct a gravimetric analysis in accordance with 1SO 4405 on the two samples extracted from the

contaminant injection circuit (see 10.1.5 and 10.2.11) and on the upstream sample extracted from the filter test
circuit at the 80 % sample point (see 10.2.8)

© 1SO 2000 - All rights reserved 11
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11.1.2 Take the non-retained contaminant concentration, in milligrams per litre, at the 80 % sample point and
record it as the final system gravimetric level (Gy).

11.1.3 Calculate and record the average of the gravimetric levels (Gjy) for the two samples taken from the
contaminant injection circuit in 10.1.5 and 10.2.11.

11.1.4 Accept the test only if the gravimetric level of each sample is within 10 % of the average Gj5 calculated in
11.1.3.

11.1.5 Calculate and record the injection flow rate (Qj;) by averaging the measurements taken in 10.1.6
and 10.2.12.

11.1.6 Acqept the test only if the value of Qj; is equal to the selected value + 5 % (see 9.2.2).

11.1.7 Calculate and record the actual base upstream gravimetric level (Gg) in mg/l, using the equation:

G, :Elia X Qa

Q

Gia s the average injection gravimetric level, in milligrams per litre, obtained in 11.1.3;
Qia s the average injection flow rate, in litres per minute, obtained in 11.1.5;
Q s the test flow rate, in litres per minute.

11.1.8 Acqept the test only if the base upstream gravimetric level (Gp) is equal to 10 mg/l + 1 mg/I.

11.2 Filtration efficiencies

11.2.1 Avefage intermediate efficiencies

From the upstream and downstream partiele counts recorded from each channel of the counter in 10.2.6,|calculate
the averagq intermediate efficiencies at-€ach particle size, as described in C.1 and C.2.

Identify thelmaximum and minimum calculated intermediate efficiencies for each particle size and record them in
the overall filtration efficiency tablé-in the test report (see annex B).

11.2.2 Overall efficiencies
Calculate the overalléfficiency, at each particle size, as described in C.3.

Record the |caleulated overall efficiency at each particle size in the overall filtration efficiency table in the tgst report
(see annex|B):

Prepare a graph of overall efficiency versus particle size, as shown in Figure B.4 and, if required by the purchaser,
also provide a graph as shown in Figure B.5.

11.3 Micrometer ratings

The graph of overall efficiency versus particle size may highlight the particle sizes that correspond to overall
efficiencies of 50 %, 75 % and 90 % as shown in Figure B.4. 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 that correspond to overall
efficiencies of 98,7 % and 99 %.
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The particle sizes that 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.

11.4 Injected mass of contaminant

Calculate the mass of contaminant injected into the filter element (M;) in grams, using the equation:

Mi:

where

Qia ¥ Gig x T/ 1 000

Qia
Gia

T

is the average injection flow rate, in litres per minute, calculated in 11.1.5;
is the average gravimetric level of the injection fluid, in milligrams per litre, calculated i 11.1

is the time required to reach the terminal differential pressure, in minutes (see ‘10.2.7).

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

11.5 Nd

Calculats

n-retained mass of contaminant

the non-retained mass of contaminant (M) in grams, using the 'equation:

=\t x Gy / 1 000

is the final volume of test fluid, in litres, obtained in 10.2.9;

is the final system gravimetric level, in milligrams per litre, obtained in 11.1.2.

Record the calculated value of M, in the test report.

11.6 Reg

Calculatsg

tained filter capacity

the retained filter capaeity (C,) in grams, using the equation.

Mi - Mnr

is thesmass of contaminant injected into the filter element, in grams, obtained in 11.4.

is the non-retained mass of contaminant, in grams, obtained in 11.5.

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

NOTE

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

contaminant extracted upstream and downstream for particle counting.

12 Test report

A typical

test report is given in annex B.

© 1SO 2000 — All rights reserved
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Annex A
(normative)

Specification of test fluid for oil filter test 3)

A.1 Petroleum base stock

The petrolepm base stock shall have the following properties.
— pour péint: —59,4 °C (minimum)
— flash ppint: 93,3 °C (minimum)

A.2 Additives

The test flu

acid or|base number:

precipifation number:

0,1 mg KOH/g(maximum)

0

d shall contain the following added materials.

viscosity-temperature coefficient improver: 10 % (maximum)

— oxidatipn inhibitors: 2 % (maximum)
— tricresyl phophate anti-wear agent: 0,5% +0,1 %

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

A.3 Properties
The test fluld shall have the follewing properties.
— viscosily at 40 °C: 13,2 mm2/s® (minimum)

— viscosify at — 40:°C: 500 mm2/s (minimum)

—59,4 °C (minimum)

— pour p(l)int:

— flash point: 93,3 °C (minimum)
— precipitation number: 0

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

3) Suitable test fluids are aircraft hydraulic oils MIL-H-5606 and AIR 3520.
4) 1mm?2/s=1cSt.
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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.
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Annex B
(informative)

Typical filter test report

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

additional information presented in graphical form:

— a graph of differential pressure with respect to time and mass of contaminant added, as cillugtrated in

Figure B.3;

— agraplp of overall efficiency with respect to particle size, as illustrated in Figure B.4.

If required py the purchaser, the manufacturer should also include a graph of overall{efficiency with respect to

particle sizg (semi-logarithmic presentation), as illustrated in Figure B.5.

16

© 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=f136fb5afdf4413bd7a47b34bc4d1e20

TEST IDENTIFICATION
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TEST DATE:
TEST TIME:

TEST LOCATION:
OPERATOR:

TEST ID:
PROJECT:

FILTER IDENTIFICATION

FILTER ID: BY-PASS VALVE FABRICATION INTEGRITY: (hPa)
HOUSING TYPE: OPERATIVE: YES/NO DATE OF MANUFACTURE:
OPERATING CONDITIONS
TEST FLUID Type: Viscosity: (mm?/s)
Conductivity- (pS/m) Temperature- Q)
TEST DUST Grade: Batch No.:
INJECTIPN SYSTEM Dust added W: (9) Injection grav. initial: (mgll)
Volume V;: o Injection grav. final: (mgl/l)
Injection flowrate Q,: (ml/min) Injection grav. average G (mgll)
TEST SY[STEM Flowrate Q: (I/min) Initial cleanliness: (#>10 ym/ml)
Volume: o Base gravimetric level G, (mg/l)
Final volume V. 0] Final gravimetric level.G;! (mgll)
DILUTION SYSTEM Sensor type: Sample time: (s)
Flowrate: (ml/min) Hold time: (s)
Upstream dilution ratio: Sampling timé: (min)
Downstream dilution ratio: Number-of{counts to average:
Totalcounts:
TEST RESULTS
CLEAN ASSY Ap;: (kPa) CLEAN ELEMENT Ap,: (kPa)
HOUSING Apy: (kPa) FINAL NET Apg: (kPa)
RELATIVE NET DIFFERENTIAL 5 10 15 20 40 80 100
Ap—-A
PRESSURE APTAR
Apg
ASSY Ap|(kPa)
TEST TINIE (min)
OVERALL FILTRATION EFFICIENCY
Particle s|ze >5pum > 6 um >7 um > 8 um >9um > 10 pm >11 pym > 13 pm
Max. Eff. |(%)
Min. Eff. (%)
Overall Eff. (%)
Particle s|ze > 15 um > 17 um > 20 pm > 25 um > 30 um > 35 um > 40 pm > 50 um
Max. Eff. |(%)
Min. Eff. (%)
Overall Eff. (%)
Efficiency| (%)’ 50 75 90 98,7 @ 99 @
Micrometgr rating (um):

a) Optional, and only in the case of high efficiency filters.

Injected mass M;:

@)

Non retained mass M,

@)

Retained capacity C:

@)

© 1SO 2000 — All rights reserved
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TEST DATE: TEST LOCATION: TEST ID:

TEST TIME: OPERATOR: PROJECT:

FILTRATION EFFICIENCY — ELAPSED TIME: (min); DIFF. PRESSURE: (kPa)

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

UPSTREAM

DOWNSTREAM

EFFICIENCY %
Particle sizg¢ > 15 pm > 17 um > 20 pm > 25 um > 30 pm > 35 pm > 40 pm 3 50 pm

UPSTREAM

DOWNSTREAM

EFFICIENQY %

FILTRATIQN EFFICIENCY — ELAPSED TIME: (min); DIFF. PRESSURE: (kPa)

Particle size >5um >6 um >7 pum > 8 um >9 um > 10/um >11 pum 313 um

UPSTREAM

DOWNSTREAM

EFFICIENQY %
Particle size >15 um > 17 um > 20 um >25um > 30 um > 35 um > 40 pum 3 50 um

UPSTREAM

DOWNSTREAM

EFFICIENQY %

FILTRATIQN EFFICIENCY — ELAPSED TIME: (min){ DIFF. PRESSURE: (kPa)

Particle sizg >5pum > 6 um > 7'um > 8 um >9pum > 10 pm > 11 pm 3 13 pm

UPSTREAM

DOWNSTHEAM

EFFICIENQY %

Particle siz

1%

> 15 um >17 um > 20 ym > 25 um > 30 pum > 35 um > 40 pum 3 50 um

UPSTREAM

DOWNSTHEAM

EFFICIENQY %

FILTRATIQN EFFICIENCY — ELAPSED TIME: (min); DIFF. PRESSURE: (kPa)

Particle sizg¢ >5pum >6 um >7 um >8 um >9um > 10 pm >11 pm 3 13 pm

UPSTREAM

DOWNSTREAM

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

UPSTREAM

DOWNSTREAM

EFFICIENCY %

Figure B.2 — Presentation of test results
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Figure B.3 — Graph of differential pressure versus test time

I time, min

© 1SO 2000 — All rights reserved

19


https://standardsiso.com/api/?name=f136fb5afdf4413bd7a47b34bc4d1e20

ISO 4548-12:2000(E)

100 T

N7 /
80 | 7/
70 |

60 /'
50 - _

40 F /
30 |

§ —
F EE-EZ{

% efficiency
TTTT

TS\

50
Particle size, um

(=)
—
=)
N
o
w
=)
~
o

Figure B.4 — Graph of overall efficiency versus particle size
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Figure B.5 — Graph of overall efficiency versus particle size
(semi-logarithmic presentation)

© 1SO 2000 — All rights reserved

Particle size, um

21


https://standardsiso.com/api/?name=f136fb5afdf4413bd7a47b34bc4d1e20

