INTERNATIONAL
STANDARD

ISO
16889

Second edition
2008-06-15

Hydraulic fluid power — Filters —
Multi-pass method for evaluating
filtration performanceof’a filter
element

Transmissions hydrauliques~~ Filtres — Evaluation des pdrformances

par la méthode de filtration.en circuit fermé

Reference number

= — ISO 16889:2008(E)

© SO 2008


https://standardsiso.com/api/?name=0bfa9df285ebf054025b1a9975d97561

ISO 16889:2008(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2008

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2008 — All rights reserved


https://standardsiso.com/api/?name=0bfa9df285ebf054025b1a9975d97561

ISO 16889:2008(E)

Contents Page
0T =TT o iv
0 Yo 11T 4T ) o T '
1 1Y o o - OSSO 1
2 NOrmative referenCes ........cccieircecei e mr e s me e s sme e e e e mne e s ee s bab iy b er e e e e e mr e e e 1
3 Terms and definitioNsS .......cooocociiiiccc e e g b e 2
4 SYMDOIS ... e s nmn e e e e eessn s nmne T SEadenssneeneeshasssnnnnnnneneeaas 3
5 General ProCEAUIES .......cuiiiiiiccicerrrrrrirscssssnneeessssssssssmsnneessssssssssmnsssesessnssssnsleaiTensanssssnnenenssshesssnnnenensnnnnns 5
6 JLIK=53 = e 18T o 5.0 7= 4 s Y SO 5
7 Measuring instrument accuracy and test condition variations . /oo 6
8 Filter performance test circuit validation procedures ........c...5 i, 7
8.1 Filter test system validation ...........ccccoiiiiiiiincc @ S, 7
8.2 Validation of contaminant injection system ................ LY b, 8
9 Summary of information required prior to testingc.. v b 9
10 Preliminary preparation ............ooniiinnneasseddeniiininc e e 9
10.1| Testfilter assembly ... e ssr e s s s sssne e e e e e e s s s nmneeeeeshsssnmnnneenesannns 9
10.2| Contaminant injection SYSteM...........i it e ssne e e s e s b s e e e 10
10.3| Filter test SYStem ... b b h s s 1
1 Filter performance test ... it serr e ssns e e s mnnn e e e e e ss s s shr e e e se s s mnnns 12
12 (0= 111 F= o o = R S 13
13 [DF:1 2= I8 o T (=TT g1 = 1 o o N S 15
14 Identification statement.{reference to this International Standard) ......ccccecveceriiicccnnincicenb e, 16
Anngx A (normative) Base téest-fluid properties ..........ccocoiiriicniiiiicic 19
Anngx B (informative) Test-system design guide .........ccccciiiiiiniiiiicninn e, 21
Anngx C (informative)~Examples of report calculations and graphs..........cccccvivicniincicnnnciccn b, 26
Anngx D (informative) Summary of data from the round robin test programme conducted

to verify'\the procedure in this International Standard.............cccocovminiiiinicscc e, 34
L= T1 0] [ 0T T = ] 414 41

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=0bfa9df285ebf054025b1a9975d97561

ISO 16889:2008(E)

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
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Introduction

In hydraulic fluid power systems, one of the functions of the hydraulic fluid is to separate and lubricate the
moving parts of the components. The presence of solid particulate contamination produces wear, resulting in
loss of efficiency, reduced component life and subsequent unreliability.
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hable the comparison of the relative performance of filters so that the most appropriate
ted, it is necessary that test procedures be available. The performance chargeteristics of
on of the element (its medium and geometry) and the housing (its general configurat
n).

fied terminal differential pressure (relief-valve cracking pressure or'differential-pressure indi
ched.

the length of operating time (prior to reaching terminal pressure) and the contaminant leve

rmance characteristics of the filter.

pst filter with a continuous supply of ingressed contaminant and allow the periodic mon
on performance characteristics of the filter,

also necessary that the test providé san acceptable level of repeatability and reproduc
ard test contaminant, the 1ISO tmedium test dust (ISO MTD) in accordance with 1ISO
red. This product has been shown to have a consistent particle-size distribution and
wide. The filtration performance of the filter is determined by measurement of the u
stream particle-size distributions using automatic particle counters validated to ISO standard

test is intended to,differentiate filter elements according to their functional performang
Hed to represent péerformance under actual field operating conditions. Test conditions are
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| of reliability

filter can be
a filter are a
on and seal

id until some
Cator setting)

at any point
tes) and the

filter provide
toring of the

bility, and a
12103-1, be
is available
bstream and
S.

e but is not
steady-state,
fotocols exist

©1S0

2008 — All rights reserved


https://standardsiso.com/api/?name=0bfa9df285ebf054025b1a9975d97561



https://standardsiso.com/api/?name=0bfa9df285ebf054025b1a9975d97561

INTERNATIONAL STANDARD ISO 16889:2008(E)

Hydraulic fluid power — Filters — Multi-pass method for
evaluating filtration performance of a filter element

1 Scope

This |nternational Standard describes the following:

a) & multi-pass filtration performance test with continuous contaminant injection for.hydrauli
filter elements;

b) & procedure for determining the contaminant capacity, particulate removalYand differen
¢haracteristics;

c) test currently applicable to hydraulic fluid power filter elements that.exhibit an average
reater than or equal to 75 for particle sizes < 25 ym(c), and a fifal reservoir gravimetric
an 200 mg/L;

NOT It is necessary to determine by validation the range of flow_rates and the lower particle size lin
used |n test facilities.

d) test using ISO medium test dust contaminant and a-test fluid in accordance with Annex A.

This [International Standard is intended to provide .a‘test procedure that yields reproducible
appraising the filtration performance of a hydrauli¢\fluid power filter element without influence of
charge.

This |nternational Standard applies to three test conditions:

— test condition 1, with a base upstream gravimetric level of 3 mg/L;
— fest condition 2, with a base upstream gravimetric level of 10 mg/L;

— test condition 3, with a base/upstream gravimetric level of 15 mg/L.

2 ormative references

The [following réferenced documents are indispensable for the application of this documen
refergnces, ohly the edition cited applies. For undated references, the latest edition of th
document (including any amendments) applies.

c fluid power

tial pressure

filtration ratio
level of less

hit that can be

test data for
electrostatic

t. For dated
b referenced

hs — Part 1:

ISO 1249-1, Fluid power systems and components — Graphic symbols and circuit diagran

Graphic Ssymbols for conventional use and dala-processing applications

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

the first bubble point

ISO 3722, Hydraulic fluid power — Fluid sample containers — Qualifying and controlling cleaning

methods

ISO 3968, Hydraulic fluid power — Filters — Evaluation of differential pressure versus flow characteristics

ISO 4021, Hydraulic fluid power — Particulate contamination analysis — Extraction of fluid samples from lines

of an operating system

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

gravimetric method

© 1SO 2008 — All rights reserved
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ISO 5598, Fluid power systems and components — Vocabulary

ISO 5725 (all parts), Accuracy (trueness and precision) of measurement methods and results

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

ISO 11943:1999, Hydraulic fluid power — On-line automatic particle-counting systems for liquids — Methods

of calibration

ISO 12103-1

and validation

11997, Road vehicles — Test dust for filter evaluation — Part 1: Arizona test dust

3 Terms

For the purpgses of this document, the terms and definitions given in ISO 5598 and the following apply.

3.1
contaminan
mass of spe(

3.2

differential pressure

Ap
difference b
conditions

NOTE S¢

3.21

clean assenbly differential pressure

difference bd
containing a

3.2.2

clean eleme|
differential p
pressure and

3.23

final assembly differential pressure

assembly dif

differential pilessures

3.24
housing di
differential

3.25

;IZssure efithe filter housing without an element

and definitions

l mass injected
ific particulate contaminant injected into the test circuit to obtain the terminal differential pres

btween the tested component inlet and outlet pressure as)measured under the spe

e Figure 1 for a graphical depiction of differential pressure terms:

tween the tested component inlet and outlet\pressures as measured with a clean filter hg
clean filter element

t differential pressure
essure of the clean element calculated as the difference between the clean assembly differ
the housing differential pressure

ferential pressure atthe end of a test, equal to the sum of the housing plus the terminal ele

rential pressure

sure

cified

using

ential

ment

terminal ele

maximum differential pressure across the filter element as designated by the manufacturer to limit useful

performance

3.3

rest conductivity
electrical conductivity at the initial instant of current measurement after a d.c. voltage is impressed between

electrodes

NOTE

It is the reciprocal of the resistance of uncharged fluid in the absence of ionic depletion or polarization.

© 1SO 2008 — All rights reserved
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3.4
retained capacity
mass of the specific particulate contaminant effectively retained by the filter element when the terminal

element differential pressure is reached

A

_________________________ 7 A A

Y

X
Key
X tgst time or mass)injected 3 clean element differential pressure
Y differential pressure 4 housing differential pressure
1 fipal assembly (end of test) differential pressure 5 clean assembly differential pressure

2 t¢rminalelement differential pressure

Fi — Biff ot orrsf =

4 Symbols
4.1 The graphic symbols used are in accordance with ISO 1219-1.

4.2 The letter symbols used in this International Standard are shown in Table 1.

© 1SO 2008 — Al rights reserved 3
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Table 1 — Letter symbols

Symbol Unit Description or explanation
Zux particles per millilitre Overall average upstream count of particles larger than size x
de particles per millilitre Overall average downstream count of particles larger than size x
¢y milligrams per litre Average base upstream gravimetric level
cp’ milligrams per litre Desired base upstream gravimetric level
Cj milligrams per litre Average injection gravimetric level
¢ milligrams per litre Desired injection gravimetric level
g0 milligrams per litre Test reservoir gravimetric level at 80 % assembly differential pressure
m grams Mass of contaminant needed for injection
me grams Estimated filter element contaminant capacity (mass injected)
m; grams Contaminant mass injected
g grams Contaminant mass injected at element differential pressure
mR grams Retained capacity
n — Number of counts in specific time period
Ny, particles per millilitre Number of upstream particles larger than’size x at count ;
Ndx,j particles per millilitre Number of downstream particles lafgerthan size x at count;
]Vu‘x,t particles per millilitre Average upstream count of particles larger than size x at time interval
Nd,x,t particles per millilitre Average downstream count ©f, particles larger than size x at time intervhl ¢
P pascals or kilopascals (bar) |Pressure
Ap pascals or kilopascals (bar) | Differential pressure
q litres per minute Test flow rate
q4 litres per minute Discarded downstream sample flow rate
i litres per minute Averade jnjection flow rate
qi litres per minute Desired injection flow rate
qu litres per minute Discarded upstream sample flow rate
t minute Test time
tor minute Predicted test time
t minute Final test time
% minyte Test time at element differential pressure
Vie litres Final measured injection system volume
Vi litres Initial measured injection system volume
Vinin litres Minimum required operating injection system volume
Vig litres Final measured filter test system volume
v litres Minimum validated injection system volume
X1, X9 micrometres Particle sizes
Xint micrometres Interpolated particle size
B’ — Filtration ratio at particle size x (ISO 11171 calibration)
By — Filtration ratio at particle size x and time interval ¢
,Ex(c)a — Average filtration ratio at particle size x (ISO 11171 calibration)

a

The subscript (c) signifies that the filtration ratio, ), and the average filtration ratio, EX@, are determined in accordance with the
method in this International Standard using automatic particle counters calibrated in accordance with ISO 11171.

© 1SO 2008 — All rights reserved
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5.1
5.2
5.3
5.4
5.5

6
6.1
6.2

6.3

to 15D °C for not less than 1 h for quantities less than 200 g.

ISO 16889:2008(E)

General procedures
Set up and maintain apparatus in accordance with Clauses 6 and 7.
Validate equipment in accordance with Clause 8.
Run all tests in accordance with Clauses 9, 10 and 11.
Analyse test data in accordance with Clause 12.

Present data from Clauses 10, 11 and 12 in accordance with the requirements of Clause 13.

Test equipment
Suitable timer.
Automatic particle counter(s) (APC), calibrated in accordance with ISO 1,1471.

ISO medium test dust (ISO MTD, ISO 12103-1-A3), in accordance with/ISO 12103-1, drled at 110 °C

For quantities greater than 200 g, dry for at least 30 min per additional 100 g. For use in the tes{ system, mix
the test dust into the test fluid, mechanically agitate, then disperse ultrasonically with a powpr density of

3 00¢ W/m?2 to 10 000 W/mZ.

Ensure that the ISO MTD used conforms to all the requirements of ISO 12103-1-A3, especially the volume

partigle size distribution shown in ISO 12103-1:1997, Table 2.

NOTH This dust is commercially available. For availability of ISO MTD, contact the ISO secretariat seryice or national

members of ISO.

6.4

6.5

qualified in accordance with ISO 3722, to collect samples for gravimetric analyses.

6.6

On-line counting system, and dilution system if necessary, validated in accordance with 5O 11943.

Sample bottles, containing less than 20 particles larger than 6 pm(c) per millilitre of bpttle volume,

Petroleum-base test fluid, in accordance with Annex A.

NOTH 1  The use of this cafefully controlled hydraulic fluid assures greater reproducibility of results and[is based upon

curremt practices, other accepted filter standards and its world-wide availability.

NOTH 2  The use of/an-anti-static agent can affect the test results.

6.7

6.7.1| Filtertest system, consisting of the following:

Filter performance test circuit, composed of a filter test system and a contaminant injectipn system.

a) a reservoir, a pump, fluid conditioning apparatus and instrumentation that are capable of acgommodating
the range of flow rates, pressures and volumes required by the procedure and capable of meeting the
validation requirements of Clause 8;

b) a clean-up filter capable of providing an initial system contamination level as specified in Table 3;

c) a configuration that is insensitive to the intended operative contaminant level,

d) a configuration that does not alter the test contaminant distribution over the anticipated test duration;

e) pressure taps in accordance with ISO 3968;

f)  fluid sampling sections upstream and downstream of the test filter in accordance with ISO 4021.

NOTE For typical configurations that have proved satisfactory, refer to Annex B.

© 1SO 2008 — Al rights reserved 5
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6.7.2 Contaminant injection system, consisting of the following:

a) areservoir, a pump, fluid conditioning apparatus and instrumentation that are capable of accommodating
the range of flow rates, pressures and volumes required by the procedure and capable of meeting the

validation requirements of Clause 8;

b) a configuration that is insensitive to the intended operative contaminant level;

c) a configuration that does not alter the test contaminant distribution over the anticipated test duration;

d) a fluid sampling section in accordance with ISO 4021.

NOTE Fq

6.8 Membyane filters and associated laboratory equipment, suitable for conducting the (gravin
cordance with ISO 4405.

method in ac

7 Measuring instrument accuracy and test condition variations

r typical configurations that have proved satisfactory, refer to Annex B.

7.1 Use and maintain measuring instrument accuracy and test condition variations within the limits giyen in
Table 2.
Table 2 — Measuring instrument accuracy and test condition variation
Tes} parameter Sl unit Instrument reading Allowed te'st-condilion
accuracy variation

Conductivity pS/m +10 % 1 000 to 10 000
Differential pressure Pa or kPa (bar) +5% —

Base upstream gravimetric level mg/L — +10 %
Injection flow frate mL/min +2% +5%

Test flow rate] L/min +2% +5%
Automatic patticle counter (APC) L/min £15% +39a

sensor flow rate

Kinematic visgosity mm?2/s ® 2% +1mm2/s

Mass g +0,1 mg —
Temperature °C +1°C +2°C¢

Time s +1s —

Injection syst(]am volume L +2% —

Filter test system volume L +2% +5%

b 1 mms =

1 cSt (centistoke).

€ Oras required to guarantee the viscosity tolerance.

@  Sensor flow rate variation is included in the overall 10 % allowed between sensors.

7.2 Maintain specific test parameters within the limits in Table 3 depending on the test condition being

used.

© 1SO 2008 — All rights reserved

netric



https://standardsiso.com/api/?name=0bfa9df285ebf054025b1a9975d97561

ISO 16889:2008(E)

Table 3 — Test condition values

Parameter Condition 1 Condition 2 Co

ndition 3

Initia

| contamination level for filter test system

Less than 1 % of the minimum level specified in Table 4,
measured at the smallest particle size being counted.

Initia

| contamination level for injection system Less than 1 % of the injection gravimetric level.

Base upstream gravimetric level, mg/L @

3+0,3 10+1,0 1

5+1,5

Recommended particle sizes for counting P

sizes are 4 um(c), 5 um(c), 6 um(c), 7 um(c), 8 um(c

Minimum of five sizes, including 30 pm(c), selected to cover the
presumed filter performance range from =2 to =1 000. Typical

, 10 ym(c),

12 ym(c), 14 pm(c), 20 ym(c) and 25 pm(c).
Sampling and counting method On-line automatic particle counting.
a Vhen comparing test results between two filters, the base upstream gravimetric levels should be the same.
b Vhen a fine filter element is being tested, it might not be possible to count those particle sizes for Which filtration rafios are low (for
example, #=2 or g =10), and when a coarser filter element is being tested, it might not be possible to\Count or determine those particle
sizes [for which filtration ratios are high (for example, g = 200 or g =1 000), because this can require measurements that|are beyond the
limits jof the APC or the test conditions specified in this International Standard.
8 Filter performance test circuit validation procedures
NOTEH These validation procedures reveal the effectiveness~of the filter performance test circujt to maintain
contaminant entrainment and/or prevent contaminant size modification.
8.1 | Filter test system validation
8.1.1| Validate the filter test system at the minimmum flow rate at which it is operated. Install a copduit in place
of filter housing during validation.
8.1.2] Adjust the total fluid volume of the filter test system (exclusive of the clean-up filter circuit), such that it
is numerically within the range of 25 % to 50 % of the minimum volume flow rate, expressed in litres per
minute, with a minimum of 5 L.
It is recommended that thesystem be validated with a fluid volume numerically equal to 50 % of the minimum
test yolume flow rate forlow rates less than or equal to 60 L/min, or 25 % of the minimum tes{ volume flow
rate for flow rates greater'than 60 L/min.
NOTH This is.the Tatio of volume to flow rate required by the filter test procedure (see 10.3.4).
8.1.3] Contaminate the system fluid to the base upstream gravimetric level for each test conditipn (1, 2 or 3)
selegted as;shown in Table 3 using the ISO 12103-A3 test dust.
8.1.4 ‘vlcl;fy that-the—flow—rate thluuyh each pai't;dc-uuunt;llg sensor—is Uqua= to—the—vatae—used for the

particle-counter calibration within the limits of Table 2.

8.1.5

8.1.6

©1S0

Circulate the fluid in the test system for 60 min, conducting continuous on-line automatic particle
counts from the upstream sampling section for a period of 60 min. The sample flow from this section shall not
be interrupted for the duration of the validation.

Record the cumulative on-line particle counts at equal time intervals not exceeding 1 min for the
duration of the 60 min test at the particle sizes selected from those given in Table 3, including the 30 um(c)
particle size.

2008 — All rights reserved


https://standardsiso.com/api/?name=0bfa9df285ebf054025b1a9975d97561

ISO 16889:2008(E)

8.1.7 Accept the validation test only if

a) the particle count obtained for a given size at each sample interval does not deviate more than 15 % from
the average particle count from all sample intervals for that size, and

b) the average of all cumulative particle counts per millilitre is within the range of acceptable counts shown
in Table 4.

Table 4 — Particle size versus acceptable cumulative particle counts per millilitre

Acceptable cumulative particle counts per millilitre @
Palticle size Test condition 1 Test condition 2 Test condition 3
(3 mg/L) (10 mgl/L) (15 mgl/L)
um(c) min. max. min. max. min. max.
1 104 000 128 000 348 000 426 000 522 000 639 000
2 26 100 31900 86 900 106 000 130 000 159 000
3 10 800 13 200 36 000 44 000 54 000 66 000
4 5870 7190 19 600 24 000 29400 35900
5 3590 4390 12 000 14 600 17 900 22 000
6 2300 2830 7 690 9420 11 500 14 100
7 1510 1860 5050 6190 7570 9290
8 1010 1250 3380 4160 5080 6 230
10 489 609 1630 2030 2 460 3030
12 265 335 888 1110 1340 1660
14 160 205 536 681 810 1020
20 46 64 155 211 237 312
25 16 27 56 86 87 126
30 6 12 21 40 34 58
40 1,1 4,5 4,4 14,2 7,9 20
50 0,15 24 1,0 7,6 24 11
@  The minimum and maximum values are based on particle counts determined by the National Institute for
Standards and Technelpgy (United States) for SRM 2806 (see ISO/TR 16144) with a calculated variation based on
the Ppisson distribution.
88.1).8 Validate™the on-line particle counting system, and dilution systems if used, in accordance| with
I 11943.

8.2 Validation of contaminant injection system

8.2.1 Validate the contaminant injection system at the maximum gravimetric level, maximum injection

system volume, minimum injection flow rate, and for the length of time required to deplete the complete usable
volume.

8.2.2 Prepare the contaminant injection system to contain the required amount of test contaminant and
required fluid volume consistent with the configuration of that system.

NOTE All ancillary procedures used in preparation of the contaminant injection system become part of the validation
procedure. Alteration of these procedures requires revalidation of the system.

© 1SO 2008 — All rights reserved
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8.2.3 Add dust to the contaminant injection system and circulate for a minimum of 15 min.

8.24

Obtain an initial sample at this point and measure the injection flow rate.

8.2.5 Maintain the injection flow rate within £ 5 % of the desired injection flow rate.

Initiate injection flow from the contaminant injection system, collecting this flow external to the system.

8.2.6 Obtain samples of the injection flow and measure the injection flow rate at 30 min, 60 min, 90 min and
120 min or at a minimum of four equivalent intervals depending on the system’s depletion rate.

8.2.7 Analyse the gravimetric level of each sample obtained in 8.2.6 in accordance with ISO 4405.

8.2.8

the minimum validation volume, 7.

8.2.9] Accept the validation only if

a)

b)

c)

9

the gravimetric level of each sample obtained in 8.2.6 is within £ 10 % of the gravimetric levg
ih 8.2.1 and the variation between the samples does not exceed + 5 % of the mean,

Measure the volume of fluid remaining in the injection system at the end of the validatiovlu test. This is

| determined

e injection flow rate at each sample point is within £ 5 % of the sefected validation flow rafe (see 8.2.1)

nd the variation between sample flow rates does not exceed + 5% of the average, and

e volume of fluid remaining in the injection system, ¥, (see 8.2.8), plus the quantity (aveqage injection

ow rate [8.2.9 b)] times the total injection time) is withint 10 % of the initial volume (see 8.2

Summary of information required prior:to testing

Prior|to applying the requirements of this International Standard to a particular hydraulic fi
estalylish the

a)
b)
c)
d)

e)

10

flabrication integrity test pressure (see’ISO 2942),
filter element test flow rate,
terminal element differential’ pressure,

presumed particlessize values for specific filtration ratios, and

resumed value; m,, of the filter element retained capacity (mass injected).

reliminary preparation

10.1 Test filter assembly

10.1.1 Ensure that test fluid cannot bypass the filter element under evaluation.

10.1.2 Subject the test filter element to a fabrication integrity test in accordance with ISO 2942.

NOTE The test fluid specified in 6.6 can be used for conducting the fabrication integrity test.

2).

ter element,

If the filter element is not readily accessible, as in the case of a spin-on configuration, the fabrication integrity
test can be conducted following the multi-pass test, with the element removed. However, it should be
appreciated that a low and, perhaps unacceptable, first bubble point value determined in such a case does not
mean that such a value would have been obtained if the fabrication integrity test had been conducted before
the multi-pass test.
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Disqualify the filter element from further testing if it fails to meet the designated test pressure.

Allow the fluid to evaporate from the test filter element before installing it in the test filter housing, where
applicable.

10.2 Contaminant injection system

10.2.1 Select a desired base upstream gravimetric level, ¢,’, from Table 3 such that the predicted test time,

for» Calculated in accordance with Equation (1), is preferably in the range of 1 hto 3 h:
1000 % m
tor = —F—— (1)
% g

A second filter element may be tested for capacity analysis if the value of the estimated capacity, of th¢ test
element is ngt supplied by the filter manufacturer.

NOTE Predicted test times shorter than 1 h or longer than 3 h are acceptable as long as the selected test condifion 1,
2 or 3 is maintpined.

10.2.2 Calcplate the minimum required operating injection system volume,

predicted test time, Lors

Vnik. that is compatible with the
and a desired value for the injection flow rate, using Equation (2):

Viin = (2%t xg{)+V, (2)

The volume Falculated in Equation (2) assures a sufficient quantity 6f contaminated fluid to load the tesf filter
element plus|20 % for adequate circulation throughout the test. Largeér injection system volumes may be Wised.

A value for the injection flow rate, ¢{, of 0,25 L/min is commonly used and ensures that the downsfream
sample flow|expelled from the filter test system does nat significantly influence the test results. Lower or
higher injectipn flow rates may be used provided that.the base upstream gravimetric level is maintained, The
injection flow rate should equal or exceed the valueused in 8.2.5.

10.2.3 Calcplate the desired gravimetric level,\¢, of the injection system using Equation (3):

! C’
. (] 3)
qi

10.2.4 Adjupt the total initigl~volume, 7;, of the contaminant injection system (measured at thq test
temperature) to the value caleulated in 10.2.2, and record this value on the report sheet given in Figure 2

10.2.5 Calcplate the_quantity of contaminant, m, needed for the contaminant injection system sing
Equation (4):

i %
m=——

100

-

(4)

O

10.2.6 Prior to adding the ISO 12103-A3 test dust to the contaminant injection system, verify that the
background fluid contamination is less than that specified in Table 3.

10.2.7 Prepare the contaminant injection system to contain the quantity of fluid, V;, and 1ISO 12103-A3 test
dust, m (see 10.2.5), using the same procedure that is used for the contamination injection system validation

(see 8.2).

10.2.8 Adjust the injection flow rate at stabilized test temperature to within £ 5 % of the value calculated in
10.2.2 and maintain throughout the test. Record this value on the report sheet given in Figure 2. Return the
injection system sampling flow directly to the injection reservoir during set-up.
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10.3 Filter test system

10.3.1

Install the filter housing (without test element) in the filter test system and thoroughly bleed of air.

10.3.2 Verify that the rest conductivity of the test fluid is maintained in the range of 1000 pS/m to
10 000 pS/m (see ASTM D4308-95). If it is outside this range, either add anti-static agent to increase the
conductivity or more new fluid to reduce it.

WARNING — The addition of an anti-static agent can affect the test results.

10.3.3 Circulate the fluid in the filter test system at the rated flow and at a test temperature such that the fluid

visc ;
empt filter housing in accordance with ISO 3968.

10.3.
value
exprgssed in litres per minute, with a minimum value of 5 L.

If the
system fluid volume be numerically equal to 50 % of the test volume flow-rate. If the designateq
flow fate is greater than 60 L/min, it is recommended that the filter test:system fluid volume b¢ numerically

equa
NOTH

betwgen the test system fluid volume and the test volume flow ratefrom 1:4 to 1:2 minimizes the physi
reservoir, as well as the quantity of test fluid required, while maximizing the mixing conditions in the feservoir.

syste
10.3.

10.3.

a)

b)

c)

Adjust the total fluid volume of the filter test system (exclusive of the clean-up filter €ircuit
in litres is numerically between of 25 % to 50 % of the designated test volume flowrate throj

designated test volume flow rate is less than or equal to 60 L/min, it is recommended that

to 25 % of the test volume flow rate.

Repeatable results require that the system volume be maintained constant. The specified 1

Establish a fluid background contamination levelless than that specified in Table 3.
Effectuate on-line automatic particle counting’in accordance with the following procedure.
djust the upstream and downstream sampling flow rates to an initial upstream value comp3
ampling procedure used and adjust:the downstream flow rate to within + 5 % of the inject
aintaining uninterrupted flow from. both sampling points during the entire test.
Adjust the upstream and downstream dilution flow rates, if required for automatic particle cou
at the end of testing, the flow rates and concentrations at the particle counters are compal

ihstrument requirements.

The upstream and-doewnstream sensor flow rates should be set and maintained at the valu
the limits specified in 8.1.4 and Table 2.

Return the~undiluted and unfiltered sampling flow upstream of the test filter directly to the tes{

ssure of the

such that its
ugh the filter,

the filter test
test volume

pnge of ratios
Cal size of the

tible with the
on flow rate,

nting, so that
tible with the

ps and within

reservoir.

the upstream sample is diluted or filtered for on-line automatic particle counting, the diluted or filtered

[
V{Uid should be collected outside of the filter test system.

If the upstream sample flow is diluted or filtered, the downstream sample flow rate to be disc

arded should

be reduced by a value equal to the upstream sample flow that is collected outside the system. This is to
assist in maintaining a constant system volume that should be kept within +5 % of the initial system

volume.

10.3.7 Adjust the particle counter thresholds corresponding to the particle sizes selected from Table 3.

© 1SO 2008 — All rights reserved
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11 Filter performance test

11.1 Install the test filter element into its housing and subject the assembly to the specified test conditions
(test flow rate and test temperature established in 10.3.3 to maintain viscosity at 15 mm2/s + 1,0 mm?2/s) and
reaffirm the fluid level.

11.2 Measure and record the clean assembly differential pressure. Calculate and record the clean element
differential pressure by subtracting the housing differential pressure measured in 10.3.3 from the clean
assembly differential pressure.

11.3 Calculate the final assembly differential pressure by adding the terminal element differential pressure to

the housing giifferentiatpressure:.

11.4 Measyre and record the initial system contamination level using on-line particle counting upstream of
the test filter element.

11.5 Bypass the system clean-up filter if the upstream contamination level is less thantthat specified in
Table 3.

11.6 Obtain

11.7 Measu
ensure that t

re and verify the injection flow rate. The injection flow rate shall be continuously measun
ne flow rate is maintained within the specified tolerances.

a sample from the contaminant injection system. Label it “Initial injection/gravimetric samplq’.

ed to

11.8 Initiatg the filter test by

a) allowing|the injection flow to enter the filter test system reservaoir,

b) starting the timer, and

c) divertind the downstream sample flow from the test.system to maintain a constant system volume within a
tolerancg of + 5 % [see 10.3.6 a)].

11.9 Conduct and record the on-line particle ‘eounts on the upstream and downstream fluid at equal time

intervals not|exceeding 1 min until the differential pressure across the filter assembly has increased fp the

terminal valug calculated in 11.3.

The upstream and downstream sensor flow rates should be equal to the values chosen in 10.3.6 b), with|n the

limits specifiged in Table 2.

Flow rates through sensors should be monitored and recorded throughout the test and maintained within the

limits specifigd in Table 2;

Care should| be taken to use on-line dilution as required to avoid exceeding the coincidence limit gf the

automatic pa

rticle_counter, as determined in accordance with ISO 11171.

It is recommended that the flow rate and dilution ratio be controlled and recorded to calculate the exact
amount of test fluid that is passed through the sensor for each count.

It is recommended that a minimum counting volume of 10 mL be used to obtain statistically significant particle

counts.

11.10 Record the assembly differential pressure at the beginning of each particle count throughout the test.

Continuous differential pressure measurements using a differential pressure transducer are recommended for

this purpose.

11.11 Extract a bottle sample for gravimetric analysis from upstream of the test filter when the assembly
differential pressure has reached 80 % of the terminal assembly differential pressure.

12
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11.12 Conclude the test at the final assembly differential pressure by

a)

recording the final test time,

b) diverting the injection flow from the filter test system, and

c)

stopping the flow to the test filter.

11.13 Measure and record the final volume in the filter test system as V.

11.14 Measure and record the final injection system volume as V.

11.1
inje

11.16 Check that there is no visual evidence that filter element damage has occurred @s-a result

this t

NOTE
checK

12

121
and 1

12.2
linea
100 9

12.3
corre
respe

12.4
millili
diluti

12.5
10 re

cion system.

Obtain the fluid sample for determining the final injection gravimetric level from the

pSt.

Although the installation and test procedures are checked for qualification prior to testing, it
when interpreting the results that the test has been performed satisfactorily.
Calculations

Establish 10 reporting times, ¢, equal to 10 %, 20 %, 30 %
ecord these times on the report sheet shown in Figure-2.

... 100 % of the final test time [

Calculate the assembly differential pressure carresponding to each reporting time by
interpolation between the nearest measured @ifferential pressures prior to and after that
o time point, use the final assembly differential pressure.

Calculate and record on the report-sheet given in Figure 2 the element differenti
sponding to each of the reporting \times by subtracting the housing differential pressur
ctive assembly differential pressure:

For each particle count obtained during the test (see 11.9), calculate the cumulative parti
re at each particle size by dividing the raw counts obtained in the counted volume and adju
N, if used.

Calculate the average upstream and downstream particle counts at each particle size, x, fa
porting times,,"by using Equations (5) and (6) and the specific instructions in a) to d):

n
D Ny
=1

contaminant

bf performing

s advisable to

see 11.12 a))

conducting a
lime. For the

Al pressures
e from each

Cle count per
sting for any

r each of the

®)

umt
n

n
D Vo

— _ j=1
Nd,x,t -

n

(6)

where n is the number of particle counts started in the specific reporting time period, determined as follows.

rior to system

a) Delete the first three (3) particle counts corresponding to test times of 1 min, 2 min and 3 min.
NOTE These data deletions are to eliminate potentially erroneous particle counts obtained p
stabilization.

© 1SO 2008 — All rights reserved
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b) For the first reporting time (10 %), using Equations (5) and (6), average the upstream and downstream
counts calculated in 12.4 for all the particle counts that were started before the first reporting time [with

the exception of the first three deleted in a) above]. Record these average counts on the report sheet

given in

NOTE

Figure 2.

For a total test time less than 30 min, there might not be any data for the 10 % reporting; in this case, the
entries are left blank.

For the second reporting time (20 %), average the upstream and downstream counts calculated in 12.4

for all the particle counts that were started after the first reporting time and before the second reporting

time. Re

cord these average counts on the report sheet given in Figure 2.

d) For the
counts t

20,1; 40

12.6 Using
dividing the
correspondin
400), and req

ﬂx,t

> =

The particle
average cou

hird through tenth reporting times (30 % to 100 %), repeat c) in a similar manner using on
hat were started in each reporting interval. Round the results to three digits of precision (e.g:
D), and record on the report sheet given in Figure 2.

Fquation (7), calculate the filtration ratios, S, ,, corresponding to each of the 10 reporting tim
average upstream particle count by the average downstream particle count’at each si
g to that respective reporting time. Round the results to three digits of precision (e.g. 1,75;
ord on the report sheet given in Figure 2.

u,x,t

d,x,t

counts shall be averaged and average filtration ratios, the 3wvalues, shall be calculated from
hts. Under no circumstances shall the g values be averaged.

es by
e, x,

20,1;

(7)

hese

12.7 Using |Equations (8) and (9), calculate the overall testxaverage upstream and downstream particle
counts by nymerically averaging the 10 average counts fromt12.5 corresponding to each of the 10 repprting
times. Recorfl the results on the report sheet given in Figure<2.
p— 1 p—
Ay = YL Vi (8)
k41
A= X N 9)
k1
where k repfesents the number of the reporting interval (1, 2, 3 ... 10) corresponding to the time intgrvals
(10 %, 20 %30 % ... 100 %)-of .
12.8 Using |Equation (10); calculate the overall average filtration ratios, Bxc, by dividing the overall test
average upsfream by<¢he' downstream cumulative particle counts at each size, x um(c). Record the results, to
three significhnt figures, on the report sheet given in Figure 2:
_ 4
B o = LU (10)
x(c) Ad,x
NOTE The (c) in the subscript signifies that the filtration ratio g o) is determined in accordance with this

International Standard, using automatic particle counters calibrated in accordance with 1ISO 11171.

The particle counts shall be averaged and the average filtration ratios, the g values, shall be calculated from
these average counts. Under no circumstances shall the g values be averaged.

12.9 Conduct a gravimetric analysis in accordance with 1SO 4405 on the two samples extracted from the
contaminant injections system (see 11.6 and 11.15). Report the gravimetric contamination results to the
nearest 0,1 mg/L on the report sheet given in Figure 2. Calculate the average injection gravimetric level, ¢;, of
the gravimetric levels of the two injection system samples and accept the test only if the gravimetric level of
each injection system sample is within + 5 % of ¢;.
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If ¢, differs from the selected value ¢;" (from 10.2.3) by more than 5 %, repeat the gravimetric analyses. If the
recheck differs more than 5 %, it is recommended that the contaminant injection system validation procedure
in 8.2 be repeated.

12.10 Conduct a gravimetric analysis in accordance with ISO 4405 on the 80 % upstream sample
(from 11.11) and record the result of this analysis as the final system gravimetric level. Report the gravimetric
contamination results to the nearest 0,1 mg/L on the report sheet given in Figure 2.

NOTE The final sample is taken at the 80 % point because it often overlaps the end of the test.
12.11 Using Equation (11), calculate and record on the report sheet given in Figure 2 the average injection

flow rate. g;. by subtracting the final injection system volume from the initial injection system volume and
dividing the result by the final test time:

L V-V
i =~ (11)
L

Accept the test only if this value is within £ 5 % of the value selected in 10.2.2.

12.12 Using Equation (12), calculate and record on the report sheet given in Figure 2 the average base
upstream gravimetric level, ¢y :

pp =1 (12)
q

(4
@

Accept the test only if this value is equal to the base upstream gravimetric level chosen from Tabl

13 Pata presentation

13.1 | Report the following minimum information for filter elements evaluated in accordance with this
Interpational Standard. Present all test.anhd calculation results as included in the report sheet given in
Figure 2. It is recommended that the layout of the report sheet be used as shown.

13.2 | Calculate the mass of ISO 42103-A3 test dust injected, m;, using the actual test time, #,|to reach the
termipal element differential pressure, the average gravimetric level of the injection system,| ¢;, and the
avergge injection flow rate, g;,-aé given in Equation (13):

_GiXqixt
i ok L Naki 13
" 1000 (13)

Calcylate and_ report on the test sheet given in Figure 2 the 1ISO 12103-A3 test dust retained gapacity, mpg,
usind Equation(14) and round the result to the nearest two significant figures:

> eaoxpr daxtix(cao—cb)  quxtr<[(eso-7b)/2]
np-=—mj— — — (14)
TOOO TOOO TO00

NOTE In Equation (14), the following are subtracted from the mass of ISO 12103-A3 test dust injected:

a) mass of contaminant remaining in the test system at the end of the test;

b) an estimate of the amount of contaminant permanently extracted from the system through the filter downstream
sampling point; the term (cso—Eb) is a conservative estimate of the gravimetric contamination level downstream of
the test filter;

c) an estimate of the amount of contaminant extracted from the upstream sample flow, ¢, that is permanently discarded

from the test system; the term (080 —Eb)/Z is an estimate of the average upstream gravimetric contamination level. If
the upstream sample flow is recycled and not discarded, Equation (14) is applied without the final term.
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13.3 Record the values of the gravimetric levels obtained in 12.9 and 12.10 on the report sheet given in
Figure 2.

13.4 Calculate, record on the report sheet given in Figure 2, and plot on linear coordinates (see Figure C.2)
element differential pressure versus the ISO 12103-A3 test dust contaminant added by using Equation (15):

CixXgiXtp
_Gi*dixtp 15
" " 1000 (15)

where my, is the mass of the contaminant added at differential pressure, Ap and time, lo-

13.5 Plot o semi-log (log linear) coordinates average S versus particle size, x, with the 3 values on-tHe log
scale and g F 100 000 as the highest value plotted (see the example in Figure C.3).

When a valug of S, ) equal to infinity is recorded (i.e. for zero downstream particle count), the value shoyld be
plotted as ;) = 100 000.

13.6 Using Equation (16), calculate, and record on the report sheet given in Figure 2the particle size vplues
correspondirlg to average filtration ratios of 2, 10, 75, 100, 200 and 1 000, using an.interpolation of straight-
line segments connecting points on the semi-log S versus particle size, x, plot. Do not’extrapolate:

(1 x2)><|09{’;x(c)}

x= LEE (16)
ﬂxZ

For many filters, particle size values for each of the above’ff values cannot be obtained by interpolati¢n. In

these cases,|the unobtainable values should be noted as-either less than the minimum particle size colinted

or greater than the maximum particle size counted, whichever is appropriate. Values should be reported [for at
least two or more consecutive filtration ratios from the-above values.

NOTE 1 Fqr calculation of the interpolated particle’ size, x um(c), for a specified filtration ratio, Pyc) Where the|value
falls between [two of the points from the plot int13:5 (corresponding to filtration ratios f.4, B2, and particle sizes k4, x5,
respectively), ise Equation (16).

NOTE 2  Fqr gvalues greater than 100 000, use the value of 100 000 in Equation (16).

13.7 Plot op semi-log (log linear) coordinates average S values for each particle size versus percent test
time, with thg g values on the log scale (see the example in Figure C.4).

13.8 Plot on log-log coprdinates average £ values for each particle size versus element differential pregsure,
with the S values orithe ordinate (see the example in Figure C.5).

13.9 Have alnvailable a record of all physical values pertaining to the test.

14 Identification statement (reference to this International Standard)

It is strongly recommended to manufacturers who have chosen to conform to this International Standard that
the following statement be used in test reports, catalogues and sales literature:

“Method for determining filtration performance data in accordance with ISO 16889:2008, Hydraulic fluid
power — Filters — Multi-pass method for evaluating filtration performance of a filter element.”

16 © 1SO 2008 — Al rights reserved


https://standardsiso.com/api/?name=0bfa9df285ebf054025b1a9975d97561

ISO 16889:2008(E)

|| Test laboratory: Test date: Operator: H
Filter and element identification

Element ID: Housing ID:

Spin-on: YES /NO Minimum element bubble point (Pa):
Operating conditions

Test fluid

Type: Ref.: Batch No.:
Viscosity at the test temperature (mm?/s): Temperature (°C):
Anti-static: Yes No Type: Conductivity (pS/m):
Test|contaminant

Type} 1ISO 12103-A3 test dust Batch No.:

Test|system

Flow]rate, ¢ (L/min): Initial volume (L):

Basg upstream gravimetric level, ¢, (mg/L): Final volume (L):

Injegtion system

Injection parameters Initial Final Average-injection parameters

Systém volume (L)

Injection flow g; (L/min)

Grav|metric level (mg/L)

Gravimetric level,c; (mg/L)

Counting system

Location Counter and sensor ref. Flow rate (mL/min) Dilution ratio
Upstfeam
Downstream
Courjter calibration: Method: Date:
Test|results
Elenjent integrity
BubHle point to ISO 2942 (Pa): Test fluid:
Differential pressure
Filterf housing (kPa): Clean assembly (kPa):
Cleap element (kPa): Final element (kPa):
Differential pressure versus contaminant added
Tim¢ interval | Testtime |-Element Ap Injected | Time interval | Testtime | Element Ap Injected
% min kPa mass % min kPa mass
9 9
10 60
20 70
30 80
40 90
50 100
Retentionh-capacity
ISO MTD mass injected, m; (9): ISO MTD retained capacity, mg (9):
80% upstream gravimetric level, cgg (mg/L):
Filtration ratio 5,
Average filtration ratio 2 10 75 100 200 1000
Particle size, um(c)
Figure 2 (continued)
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Test results (continued)

Particle counts per millilitre and filtration ratio

Time interval d> Yij d> B d> Yij d> Yij d> Yij d> Yij
pm(c) pm(c) pm(c) pm(c) pm(c) pm(c)

Initial up

10% Up
Down

20% Up
Dowp

30% Up
Down

40% Up
Down

50% Up
Down

60% Up
Down

70% Up
Down

80% Up
Down

90% Up
Down

100% Up
Down

Avg. Up
Avg. Dowp

Figure 2 — Filter element multi-pass report sheet
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Annex A
(normative)

Base test-fluid properties

A.1 Properties of mineral oil stock

a) pour point (max.): -60 °C
b) flash point with closed cup (min.): 82 °C

c) acid or base number, (max.): 0,10 mg KOH/g

A.2 |Additive materials

a) Viscosity/temperature coefficient improvers: not to exceed 20 % (by mass)
b) ¢xidation inhibitors: not to exceed 2 % (by mass)
c) anti-wear agent, such as tricresyl phosphate (TCP): < 3% by mass

NOTH When TCP is used, it is necessary to limit the ortho-isomer content to a maximum of 1 % by mags.

(%]

A.3 |Properties of finished oil

a) \Viscosity:

) at40 °C (min.): 13,2:mm?/s
2) at100 °C (min.): 4,9 mm?/s

) at-50 °C (max.): 2 500 mm?/s

4) at-40 °C (max.): 600 mm?2/s

b) pour poinf(max.): -60 °C

c) flash point with closed cup (min.): 82°C

d) acidnumber (max.): 0,20 mg KQH/g
e) rubber swell, standard synthetic rubber: 19 % to 30 %
f)  evaporation loss (max.): 20 %

g) copper strip corrosion (ASTM standard, max.): No. 28

h) water content (max.): 100 ug/g

i) steel-on-steel wear (average wear scar, max. diameter): 1 mm

j)  chlorine (max.): 50 pg/g
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A.4 Colour of finished oil

Use oil that is clear and transparent and that contains red dye (used for identification only) in a proportion not
greater than one part of dye per 10 000 parts of oil (by mass).

A.5 Qualified fluids

Fluids found to fulfil the requirements of A.1 through A.4 are:

a) MIL-PRF-5606;

b) DCSEA
c) NATOQ

d) UK DEF

A.6 Rest (

Verify that th
(see ASTM
more new flu

415;
odes H-515 and H-520;

STAN 91-48.

conductivity

e rest conductivity of the test fluid is maintained within the range of 1 000 pS/m to 10 000 pS/m
D4308-95). If it is outside this range, either add anti-static agent to increase the conductiity or
id to reduce it.

20
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Annex B
(informative)

Test system design guide

B.1 Introduction

B.1.1

of the equipment to perform the desired test.

B.1.

requifements of this International Standard.

B.1.

guarantees successful validation of equipment.

B.2 |Basic test system

B.2.

B.2.1.1
filter fest system and the contaminant injection system}

B.2.1.2

B.2.1.3
contgminants.

B.2.1.4 The use of ball valves-is preferred, as they do not trap contaminants and have a
action.

B.2.1.5
vertidal runs are preferable“to horizontal runs.

The multi-pass test procedure requires a pre-test validation procedure to determine-the

acceptability

This annex is intended to provide basic guidance in constructing equipment that meets {he validation

The reader is cautioned that this annex provides only guidelines for construction an

General guidelines

The circuit diagram of the basic equipment‘issshown in Figure B.1. It consists of two

All lines should be sized for turbulept mixing flow and long, straight runs should be ay

Connectors (fittings) should (not have internally exposed threads or lips th

Lines and connectors should be arranged to eliminate dead flow zones and, wh

d in no way

systems: the

oided.

at can trap

self-cleaning

bre possible,

© 1SO 2008 — All rights reserved
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B.2.2 Filter test system

B.2.2.1 Reservoir

B.2.2.1.1 A reservoir, constructed with a conical bottom with an included angle of not more than 90° and
with the entering oil diffused below the fluid surface, should be used.

NOTE This construction eliminates horizontal surfaces that can promote contaminant settling.

B.2.2.1.2 The reservoir design shown in Figure B.2 is a full cone and is useful for containing a desired fluid
volume in a system where reservoir height is critical.

90°
60°

Figure B.2 — Full cone

B.2.2.1.3 The reservoir design shown in Figure B.3.is*a cylinder with a conical bottom and|is useful for
contgining a desired fluid volume in a system where reservoir diameter is critical.

90°

60°
| = PITRT -4 R 2 Cono-an deviindaor
Igurc oo oonmCTantGCyrmact

B.2.2.1.4 Reservoirs with included angles between 60° and 90° offer the best balance of ease of
construction and the ability to discriminate between the various fluid levels.

B.2.2.1.5 A device for monitoring the level of clean fluid in the test reservoir is used to check that the level
remains constant.

B.2.2.2 System pump and drive

B.2.2.21 The system pump should be selected from a pump family that is relatively insensitive to
contaminant at the desired operating pressures.
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se erroneous test results.

pumping mechanism.

NOTE

centrifugal and progressive cavity pumps has resulted in difficulties in complying with validation.

The system pump should exhibit a relatively low flow pulsation characteristic (less than 10 %), so

The system pump should not cause alteration of the test contaminant distribution as a result of its

Gear pumps and some types of piston pumps have demonstrated capability in these respects. The use of

B.2.2.2.4 The pump drive should be of the variable speed type to provide the capability of adjusting the test

flow rate.

B.2.2.2.5 The pump drive should be relatively insensitive to changes in load, so as to maintain a_¢orstant
speed.

NOTE V3griable-frequency a.c. drives and d.c. drives exhibit these desired characteristics.

B.2.2.3 Cléan-up filter

B.2.2.3.1 The system clean-up filter should be capable of providing an initial systetn contamination leyel as
shown in Table 3.

B.2.2.3.2 To promote rapid clean-up, the filter should typically be finerithan the filter being tested and
should be sized to accommodate at least the maximum system flow rate.

B.2.2.3.3 To promote economy, the filter should also possess a high’contaminant-retaining capacity.
B.2.2.3.4 The use of multiple or large filters to achieve a\low flow rate per unit area of filter meglia is
desirable.

B.2.2.4 Temperature controller

Depending upon system power capabilities, cooling or heating of the system fluid can be required.

If cooling of the system fluid is necessary, ‘a conventional shell-and-tube heat exchanger may be used. It is
recommenddd that the heat exchanger be) mounted vertically, with the oil being cooled entering the tubg side
from the bottbm. This reduces the possibility of particles settling or being captured in the heat exchanger|Both
side- and mylti-pass heat exchangérs have been successfully used. Some data indicate that up to a 65 % loss
in thermal transfer can occur when operating a heat exchanger with the oil on the tube side; therefore| care
should be tgken to size the.'heéat exchanger accordingly. Other cooling methods, such as coils wrgdpped
around the ekternal surface)of’reservoirs and tubes or double-wall conduits, have also proved satisfactory.

If heating of |the systém) fluid is necessary, it may be accomplished by the use of heating tapes on ex{ernal
surfaces or Hy using'a'second heat exchanger with the high-temperature fluid on the shell side.

B.2.2.5 Regulation valves

B.2.2.5.1

Bypass valve

It is often convenient to incorporate a test-filter bypass section, including a bypass valve, upstream of the filter
to return fluid directly to the reservoir. This section allows the system pump to be operated at a higher speed
for tests run at low flow rates, eliminating high-flow ripples and overheating of the pump drive. Diaphragm,
weir or pinch valves have proven suitable for use in this application.

If a filter bypass section is used, it should be included and active during the validation of the test system.
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B.2.2.5.2 Back pressure valve

This optional valve, located downstream from the test filter, allows testing of the filter under the pressure that
is generally required for on-line, automatic particle counting. Ball, diaphragm, weir or pinch valves are suitable

for use in this application.

B.2.2.6 Flow meter

The flow meter should be located downstream of the test filter and the downstream sampling port, in order to

eliminate the possibility of influencing the downstream particle count. Therefore, the flow rate

measured is

actually slightly lower than the test-filter flow rate. An adjustment should be made in the flow to account for this

variafion, So the true flow rate reported is the sum of the measured flow rate and the downsiream
rate. |Locating the flow meter downstream of the test filter provides the maximum protection for.ih
from fan abrasive contaminant. Turbine flow meters using sealed bearings have proven suitable f
appli¢ation.

B.2.3 Contaminant injection system

B.2.3.1 Reservoir

The ¢onstruction and design recommendations and precautions given in-B.2.2.1 for the reservo
test qystem apply.

Because of the large volume and high contaminant congentrations encountered, some aux
for the contamination injection reservoir is desirable. These\ean be stirrers, auxiliary circulation Ig
high-¢nergy input devices.

B.2.3.2 Pump

B.2.3.2.1 The high contaminant concentratiomjin the contaminant injection system makes the
pump limited to those with a complete insensitivity to abrasive slurries. Centrifugal and progr
pumps have been shown to be acceptable.for use in this application.

B.2.3.2.2 If a centrifugal pump is.used, mounting the pump vertically with the inlet down or
pump horizontally with the discharge*at the bottom have proved successful.

B.2.3.3 Clean-up filter

The fecommendations-given in B.2.2.3 for the clean-up filter in the filter test system apply, ex
contgminant retention _capacity is of prime importance.

B.2.3.4 Temperature controller

sample flow
e flow meter
or use in this

I in the filter-

iliary agitation
ops or similar

choice of the
pssive cavity

mounting the

cept that the

apply.

The rlecommendations given in B.2.2.4 for heat exchangers and/or heaters in the filter test systen

B.2.3.5 Flow meter

Any flow meter used in the contaminant injection system should be compatible with a high concentration of

abrasive particles.
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Annex C
(informative)

Examples of report calculations and graphs

NOTE This annex contains examples of test data, calculations and graphs resulting from a typical multi-pass test.

C.1 Prelin
The informat
a) fabricati
b) test flow
c) terminal
d) presume
e) estimate
For test purp

— desired
— desired

— particle

Calculate 7,

ninary information

bn integrity pressure:

rate, g:

element differential pressure:
d filtration ratios:

d capacity, m,:

njection flow rate, g;:

bizes to be counted:
using Equation (1) (see 10.2.1);

1000x 40 g

t =
PP 10

- 40

mg/L x100 L/min
min

base upstream gravimetric level,

on required prior to conducting the test is, in accordance with Clause 9, as follows:

1500 Pa;
100 L/min;
400 kPa;

Bscy =4, Prsc) = 75
40 g.

pses, the laboratory selected the following test conditions:

Cp: 10 mg/Ls;

0,25"L/min;

5, 10, 15, 20 and 30 pm(c).

Calculate 7,,f,, using Equation/(2) (see 10.2.2):

v,

min = (1

=2

,2 x 40 min % 0,25 L/min) + 8 L

D L

Calculate ¢;" using Equation (3) (see 10.2.3):

mg/L x100 L/min

, 10

€

0,25 L/min

=4 000 mg/L

Calculate m using Equation (4) (see 10.2.5):

40
m =

00 mg/Lx20L

1000

=80g

26

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=0bfa9df285ebf054025b1a9975d97561

ISO 16889:2008(E)

C.2 Multi-pass test results

C.21 The multi-pass test was conducted with the parameters mentioned in Clause C.1; the remaining test
conditions and test results are shown in Figure C.1. The calculated test results reported in Figure C.1 are
determined by calculating g; using Equation (11) (see 12.11) and ¢, using Equation (12) (see 12.12):

_20L-114L
=34 2 min
=0,252 L/min

_ 3980 mg/L x0,252 mg/L
b 100 L/min
=10 mg/L

Calculate m; using Equation (13) (see 13.2):

L, _ 3980 mg/L x 0,252 L/min x 34,2 min
! 1000
= 34,3 g (rounded to 34 g)

C.2.2 In order to calculate the retained capacity, mg, and in addition to the parameters reported on the
repoltt sheet, the discarded downstream sample flow rate, ¢4 (in this example, 0,20 L/min), and the discarded
upstream sample flow rate, g, (in this example, 0,05 L/min), are-required.

C.2.3 Calculate mg using Equation (14) (see 13.2):

22,3mg/Lx24,5L 0,2L/minx34,2minx (22,3 mg/L-10 mg/L)
1000 1000
0,05 L/minx 34,2 minx (22,3 mg/L +10 mg/L)
1000

e = 34,39

=34,3-0,55-0,08-0,03
=33,6 g (rounded to 34 g)

C.2.4 Each of the contaminant injected values reported in Figure C.1 was calculated using Equation (15)
(see 13.4). The average particle counts and filtration ratios are calculated using Equations (5), (6), (7), (8), (9)
and ([10).

C.2. Figure C.27is\a graph of element differential pressure versus contaminant injected. The fifst data point
reprgsents the clean element differential pressure at the beginning of the test, and each of the remaining data
points (10 minimum) represents one of the reporting times from 10 % to 100 % of final test time. These values
are aJso shown in Figure C.1.

c.2. Equation (16) is used to calculate the interpolated particle sizes for the specific filfration ratios
reported at the bottom of the first page of the report sheet shown in Figure C.1. As an example, and using
Equation (16) to calculate the particle size, x, where By = 75, an interpolation is made between 10 um(c) and
15 ym(c).

[10 um(c)-15 pm(c)]xlog(27151j
x= *—~ +10 pm(c)

o211
%116

=13,7 um(c)
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The particle size for S, = 2 cannot be calculated because it occurs below the smallest particle size counted,
that is, 5 um(c), and extrapolation is not allowed.

Test laboratory:

Example Test Laboratory Test date: 4 Dec 1999

Operator: ___ABC

Filter and e

lement identification

Element ID: Example Test Filter

Housing ID: Example Test Housing

Spin-on:

¥ES/NO Minimum element bubble point (Pa): __ 1 500

Operating conditions

Test fluid

Type: Fluid Mamufacturer XYz

o
NCIl..

MitH=5666———————————BatchNo—1234—

Viscosity at the test temperature (mm2/s): 14,9 Temperature (°C): 37,2
Anti-static: Yes _ X No Type: _ Stadis 450 Conductivity (pS/m): 1250
Test contam|nant

Type: ISO 12[103-A3 test dust Batch No.: _4390C

Test system

Flow rate, ¢ (I/min): 100 Initial volume (L): 25,0

Base upstre

asLn gravimetric level, ¢y, (mg/L): 10,0

Final volume (L£): 245

Injection system
Injection parameters Initial Final Averagelinjection parameters

System volunpe (L) 20,0 11,4 Injection flow g; (L/min) 0,252

Gravimetric lqvel (mg/L) 3979,7 3981,1 Gravimetric level\g; (mg/L) 3980

Counting system

Location Counter and sensor ref. Flow rate (ml/min) Dilution ratio

Upstream ABC model 123, s/n 21 100 11

Downstream ABC model 123, s/n 22 100 None

Counter calibfation: Method: ISO 11171 Date: _4 December 1999

Test results

Element inteprity

Bubble point {o ISO 2942 (Pa): 2190 Test fluid: Mil-H-5606

Differential gressure

Filter housing| (kPa): 31.0 Clean assembly (kPa): 39.4

Clean elemert (kPa): 8.4 Final element (kPa): 400

Differential gressure versus contaminant added

Time interval | Testtime | Element Ap Injected | Time interval | Testtime | Element Ap InjectEd
% min. kPa mass % min. kPa mas

9 9

10 3.4 10,1 3,4 60 20,5 17,9 20,4
20 6,8 11,9 6,9 70 24,0 31,7 24
30 10,3 13,7 10,3 80 27,4 59,0 27,4
40 13,7 15,4 13,7 90 30,8 123 30,8
50 17,1 16,8 17,1 100 34,2 400 34,3

Retention capacity

ISO MTD mass injected, m; (9): 34 ISO MTD retained capacity, mg (9): 34

80 % upstream gravimetric level, cgg (mg/L): 223

Filtration ratio g,

Average filtration ratio 2 10 75 100 200 1000

Particle size, um(c) <5 7,80 13,7 14,6 15,9 18,7

28

Figure C.1 (continued)
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Particle counts per millilitre and filtration ratio

Time interval d>5 B | d>10 B | d>15 Yij d>20 Yij d>30 B d> Yij
pm(c) pm(c) pm(c) pm(c) pm(c) pm(c)
Initial up 0,50 0,20 0,10 0,00 0,00
10% Up 13 900 1750 480 174 29
Down 2240 | 6,2 33,7 51,9 1.1 432 0,0 5490 0,0 )
20% Up 14 200 1760 481 179 31
Down 2490 | 5,7 39,1 45,0 1,7 285 0,0 4710 0,0 )
30% Up 14 400 1770 482 176 30
Down 2800 | 51 454 39,0 1,7 289 0,0 5770 0,0 7210
409% Up 15 600 1890 520 192 34
Down 3100 | 5,0 53,5 35,3 21 252 0,0 5320 0,0 0
509 Up 15 500 1870 504 184 31
Down 3230 | 4,8 56,3 33,2 2,2 225 0,0 5010 0,0 )
60% Up 15 600 1860 504 186 33
Down 3350 | 4,7 60,9 30,5 29 177 0,1 2690 0,0 )
70% Up 16 000 1890 518 190 33
Down 3750 | 4,3 74,7 25,3 3,3 158 0,1 2590 0,0 7 680
80% Up 16 800 1910 508 187 32
Down 5050 | 3,3 117 16,3 6,3 80,9 0,1 1260 0,0 0
90% Up 19 400 2030 527 190 32
Down 7520 | 2,6 186 10,9 10,0 | 52,9 0,1 1280 0,0 0
100% Up 21200 2090 532 192 33
Down 8760 | 2,4 224 9,3 12,3 | 43,3 0,3 753 0,0 o0
Avg.| Up 16 300 1880 506 185 32
Avg.] Down 4230 _N39 89,0 211 4,4 116 0,1 2130 0,0 37 900
Figure'C.1 — Example of a completed filter element multi-pass report sheet
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500

400 [

300

200

100 /

| __._./
O!TT'F'I_ LIttt ettt -
0 5 10 15 20 25 30 35 X

Key
X mass of I$O 12103-A3 test dust injected, expressed in grams
Y element dffferential pressure, expressed in kilopascals

Figure C.2 — Example of a differential pressure versus contaminant injected curve
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C.2.7 Figure C.3 is a plot of ﬁx(c) versus particle size, x, with straight-line segments connecting the data
points at the various particle sizes. The linear interpolation calculated in C.2.6 is illustrated between particle
sizes x4 =10 pym(c) and x, =15pum(c) corresponding to f.4=21,1 and S =116, respectively. The
interpolated value for S,y = 75 occurs at a particle size of x; = 13,7 pm(c), that is S3 7(¢) = 75.

Y A
100 000
y.d
/
10 000 _ [
/I’
/
1 000 ,:/
v
/
/
/
P xa—100 /
ﬁx(c)
/II
[ /
10 /
—
o
ALt L L LI PPl >
) 5 10 115 20 25 30 35 X
x| x
Xint

Key
X particle size, y~€xpressed in pm(c)
Y filtration ratio)-y,
NOTE[ xq1=10um(c) B1 =21,1

xp = 46pm(c) P =116

¥t § 13,7 um(c) Br(c) = P13,7(c) = 75

Figure C.3 — Example of a filtration rafio versus particle size curve
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C.2.8 Figure C.4 is a plot of the average filtration ratio, S, ., at each of the particle sizes versus test time as
a percentage of #. These values are also shown in Figure C.1. Note that several of the measured values for x
at 30 um(c) were infinity; however, the points are plotted at Byc) = 100 000.

Key

NS <X

32

Y A
5
100 000 7 \ 7
\ 7/ \ /
\ 7/ \ 7/
\ / \ /
\_/ \ |/
10 000 \'/
T ~
N
1 000 ~F
~——
\\\
100 N 3
S— R—~—
2
S~
—
[ — Y
1 >
0 20 40 60 80 100 X
test time, fexpressed as a percentage of # 3 curve for x = 15 pym(c)
filtration ratio, By 4 curve for x =20 pm(c)
curve for ¥ =5 pm(c) 5  curve for x = 30 ym(c)
curve for ¥ = 10 um(c)
Figure C-4—— Example of a filtration ratio versus percent test time plot
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