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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISQ, alsa take part in the work. 1SO collaborates closely with the International Flectrotechnical
Commission|(IEC) on all matters of electrotechnical standardization.

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

Draft International Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the member‘bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this International Standard may be the| subject of
patent rights] ISO shall not be held responsible for identifying any or all such patent rights.

International| Standard ISO 16889 was prepared by Technical Committee\I1SO/TC 131, Fluid powef systems,
Subcommittge SC 6, Contamination control and hydraulic fluids.

This first edifjon cancels and replaces 1ISO 4572:1981, of which it constitutes a technical revision.

Annex A forms a normative part of this International Standard. Annexes B to D are for information only.

iv © 1SO 1999 — All rights reserved
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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 components. The presence of solid particulate contamination produces wear, resulting in loss of efficiency,
reduced component life and subsequent unreliability.
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INTERNATIONAL STANDARD

ISO 16889:1999(E)

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

1 Scope

1.1 Thig International Standard specifies:

power filter

— a multi-pass filtration performance test with continuous contaminant injection for-hydraulic fluig
elemgnts;
— a prgcedure for determining the contaminant capacity, particulate rempval and differential pressure

charalteristics;

— atest|currently applicable to hydraulic fluid power filter elements that\exhibit an average filtration

than
less t

NOTE

— atestlusing ISO medium test dust contaminant and a;test fluid according to annex A.

1.2 Thig International Standard is intended to provide a test procedure that yields reproducible
appraising the filtration performance of a hydraulic fluid power filter element without influence of

charge.

2 Normative references

The followjng normative documents‘contain provisions which, through reference in this text, constitute
this Interrjational Standard. For dated references, subsequent amendments to, or revisions of,

publicatio

s do not apply. However, parties to agreements based on this International Standard are e

investigate the possibility~of applying the most recent editions of the normative documents indicate|

undated r

bferences, thelatest edition of the normative document referred to applies. Members of

maintain registers of currently valid International Standards.

ratio greater

;I:r equal to 75 for particle sizes less than or equal to 25 um(c), and a final reservoir gravimetric level of
an 200 mg/l;
The range of flows and the lower particle size limit that can-be used in test facilities will be determined py validation.

test data for
electrostatic

provisions of
hny of these
ncouraged to
d below. For
SO and IEC

ISO 121941:1991, Fluid power systems and components — Graphic symbols and circuit diagrams — Part 1:
Graphic symbols. n|v

ISO 2942:1994, Hydraulic fluid power — Filter elements — Verification of fabrication integrity and determination of
the first bubble point.

ISO 3722:1976, Hydraulic fluid power — Fluid sample containers — Qualifying and controlling cleaning methods.

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.

©1S0O 1999
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ISO 5598:1985, Fluid power systems and components — Vocabulary.

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

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

ISO 12103-1:1997, Road vehicles — Test dust for filter evaluation — Part 1: Arizona test dust.

ASTM D 4308-95, Standard test method for electrical conductivity of liquid hydrocarbons by precision meter.

3 Terms

For the purg
apply.

3.1
contaminant
mass of speq

3.2

and definitions

Imass injected

differential pressure

Ap
difference bdg

See Figure 1},

3.21

clean assem
difference be
a clean filter

See Figure 1

3.2.2
clean eleme

differential p
housing

See Figure 1

3.2.3
final assemb
assembly diff

bly differential pressure

Element

t differential pressure

y differéntial pressure

ific particulate contaminant injected into the test circuit to obtain the terminal Ap

oses of this International Standard, the terms and definitions given in ISO 5598\ and the¢ following

tween the tested component inlet and outlet pressure asmeasured under the specified conditions

tween the tested component inlet and outlet pressure as measured with a clean filter body |containing

fessure of the clean-element calculated as the difference between the clean assembly Ap and the

erentjial pressure at end of test equal to sum of housing plus terminal element differential prg¢ssures

See Figure 1

3.24
housing diffe

differential pressure of the filter body without an element

See Figure 1

rential pressure
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3.25
terminal element differential pressure

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

performance
See Figure 1.

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 equal to the reciprocal of the resistance of uncharged fluid in the absence of ionic depletion or.polprization.

3.4
retained capacity

mass of gpecific particulate contaminant effectively retained by the filter element whemterminal element Ap is

reached

© 1SO 1999 — All rights reserved
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Key

ga b W N P

Differential pressure

Final asse
Terminal 4

Clean element differentiakpressure

Housing d
Clean ass

Test time or mass injected

mbly (end of test) differential pressure
blement differential préssure

ifferential pressure
embly.differential pressure

Figure 1 — Differential pressure conventions for multi-pass test

4 Symbols

4.1 Graphic symbols

Graphic symbols used are in accordance with ISO 1219-1.

© 1SO 1999 — All rights reserved
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4.2 Quantity symbols

Reference Symbol Units Description or explanation
4.2.1 'Ku,x part/ml Overall average upstream count > size x
4.2.2 Zﬂ’x part/ml Overall average downstream count > size x
4238 Pe) None Filtration ratio at particle size x (ISO 11171 calibration)
4.2.4 Pt None Filtration ratio at particle size x and time interval t
4252 Z’X(C) None Average filtration ratio at particle size x (ISO 11171 calibration)
4.2.6 Cr g Retained capacity
4.2.7 Gy mg/l Average base upstream gravimetric level
4.2.8 Gy mg/l Desired base upstream gravimetric level
4.2.9 G mg/| Average injection gravimetric level
4.2.10 G/ mg/l Desired injection gravimetric level
4.2.11 Ggg mg/| Test reservoir gravimetric level at 80 % assembly Ap
4.2.12 M g Mass of contaminant needed for injection
4.2.13 M, g Estimated filter element capacity (njass injected)
4.2.14 M, g Contaminant mass injected
4.2.15 M, g Contaminant mass injected~at element differential pressurg Ap
4.2.16 n none Number of counts in specific time period
4.2.17 Nuxi part/ml Number of upstream particles > size x at count i
4.2.18 Ny, part/ml Number of dowrsiream particles > size x at count i
4.2.19 Nu,x,t part/ml Average upstream count > size x at time interval t
4.2.20 Nd,x,t part/ml Averagedownstream count > size x at time interval t
4.2.21 p Pa, kPa or bar Pressure
4.2.22 Ap Pa, kPa or bar Differential pressure
4.2.23 q I/min Test flow rate
4.2.24 g I/min Discarded downstream sample flow rate
4.2.25 g; I/min Average injection flow rate
4.2.26 o I/mif Desired injection flow rate
4.2.27 a, imin Discarded upstream sample flow rate
4.2.28 t min Test time
4.2.29 t min Predicted test time
4.2.30 t min Final test time
4.2.31 t min Test time at element differential pressure Ap
4.2.32 Vi I Final measured injection system volume
4.2.33 A I Initial measured injection system volume
4.2.34 Viin I Minimum required operating injection system volume
4.2.35 Vit | Final measured filter test system volume
4.2.36 v, | Minimum validated injection system volume
a The subscript (c) signifies that the filtration ratio, ,BX(C), and the average filtration ratio, EX(C), are based on this standard
test method (ISO 16889) using particle counters calibrated in accordance with ISO 11171.

© 1SO 1999 — All rights reserved 5
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5 General procedure

51 Setup
5.2
5.3 Runal
54

55

and maintain apparatus in accordance with clause 6 and clause 7.

Validate equipment in accordance with clause 8.

| 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 clause 13.

6
6.1
6.2

6.3

Automptic particle counter(s

ISO medium test dust (ISO 12103-A3),

Test equipment

Suitable timer.

), calibrated in accordance with ISO 11171.

in accordance with ISO 12103-1¢&dried at 110 °C to 150

less than 1 h|for quantities less than 200 g and for use in the test system, mix.in‘the test fluid, mechanica

then dispers

NOTE Th

ultrasonically with a power density of 3 000 W/m? to 10 000 WH#N2.

s dust is commercially available. For availability of ISO 12103-A8:test dust, contact the ISO secretarig

national memlipers of 1ISO.

6.4 Onling]
ISO 11943.

6.5 Sampl
qualified in a

6.6

NOTE1 Th
practices, othe

NOTE 2 If g

6.7  Filter g

6.7.1 Filte

a) a resery
range o

Petrol¢um base test fluid

counting system , and dilution system if necessary, that has been validated in accorg

e bottles containing less than 20 particles per millilitre of bottle volume greater than 6
ccordance with 1ISO 3722 to collect samples for gravimetric analyses.
in accordancé with annex A.

b use of this carefully controlled_hydraulic fluid assures greater reproducibility of results and is based U
r accepted filter standards and.its world-wide availability.

n anti-static agent is added'to this test fluid it may affect the test results.
erformance test-Citcuit  comprised of a "filter test system" and a "contaminant injection sys

test system>~consisting of:

oir, pump, fluid conditioning apparatus and instrumentation that are capable of accommag
flows, pressures and volumes required by the procedure and is capable of meeting the

°C for not
lly agitate,

t service or

ance with

pm(c), as

pon current

tem".

dating the
validation

requirenpents of clause 8;

b)
c)
d)
e)
f)

NOTE

a clean-up filter capable of providing an initial system contamination level as specified in Table 2;
a configuration that is relatively insensitive to the intended operative contaminant level;

a configuration that will not alter the test contaminant distribution over the anticipated test duration;
pressure taps in accordance with 1ISO 3968;

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

For typical configurations that have proved to be satisfactory refer to annex B.

© 1SO 1999 — All rights reserved
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6.7.2 Contaminant injection system consisting of:

a) a reservoir, pump, fluid conditioning apparatus and instrumentation that are capable of accommodating the
range of flows, pressures and volumes required by the procedure and is capable of meeting the validation
requirements of clause 8;

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

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

d) afluid sampling section in accordance with ISO 4021.

NOTE FFor typical configurations that have proven to be satisfactory, refer to annex B.

6.8 Membranes and associated laboratory equipment suitable for conducting the gravimetrjc method in
accordande with 1SO 4405.

7 Accyracy of measurements and test conditions
7.1  Utilige and maintain instrument accuracy and test conditions within the limits given in Table 1.

7.2 Maintain specific test parameters within the limits given in Table.2 depending on the test copdition being
conducted.

Table 1 — Instrument accuracy and.test condition variation

Test parameter S| Unit Instrument Allowed test condition
accuracy ( %) variation ( &)
of reading
Conduictivity pS/m 10 % —
Differgntial pressure PA, kPa or bar 5% —
Base upstream gravimetric mg/l — 10 %
Flow:
Injection flow ml/min 2% 5%
Test flow I/min 2% 5%
APC sensor flow I/min 1,5% 3pa
Kinenpatic viscosity;2 mm?/s 2% 1 mm?/s
Mass g 0,1 mg —
Temperature °C 1°C 2°C¢
Time 5 15
Volume:
Injection system | 2% —
Filter test system | 2% 5%
2 Sensor flow variation to be included in the overall 10 % allowed between sensors.
b1 mm?s = 1 cSt (centistoke).
€ Oras required to guarantee the viscosity tolerance.

© 1SO 1999 — All rights reserved 7
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Table 2 — Test condition values

Filter test condition Condition 1 Condition 2 Condition 3

Initial contamination level for filter test systems:

Less than 1 % of the minimum level specified in Table 3 me
the minimum patrticle size to be counted.

asured at

Initial contamination level for injection system:

Less than 1 % of injection gravimetric level.

Base upstream gravimetric level, mg/l 2

3+0,3 10£1,0

15+15

Recommend

ed particle counting sizes P
range from B =2 to #=1000. Typical sizes are: (4, 5, 6, 7,
14, 20, 25, 30) um(c).

Minimum of five sizes selected to cover the presumed filter performance

8, 10, 12,

Sampling and counting method Online automatic particle counting

2 When cofnparing test results between two filters, the base upstream gravimetric level should be the same.

b Pparticle sjzes where betas are low (8 =2, 10...) may be unobtainable for fine filters and particle sizes where bhetas are high (p = ..., 200,

1 000) may bg unobtainable for coarser filters.
8 Filter performance test circuit validation procedures
NOTE These validation procedures reveal the effectiveness of the filter perférmance test circuit to maintain gontaminant
entrainment apd/or prevent contaminant size modification.
8.1 Validation of filter test system
8.1.1 Valigate at the minimum flow at which the filter test_system will be operated. Install a conduit |n place of
filter housing|during validation.
8.1.2 Adjupt the total fluid volume of the filter test system (exclusive of the clean-up filter circuit) sudh that it is
numerically within the range of one-fourth (25 %).te‘one-half (50 %) of the minimum volume flow per minute value,
with a minimpm of 5 |.
NOTE 1 It is recommended that the system_be validated with a fluid volume numerically equal to one-half (5p %) of the

minimum test
test volume fld

NOTE2 Th

volume flow per minute value(forflow rates less than or equal to 60 I/min, or one-fourth (25 %) of th
w per value for flow rates greater than 60 I/min.

s is the volume to flowratio required by the filter test procedure (see 10.3.4).

8.1.3 Con
gravimetric |

Sample flow

8.1.6
60 min test a

8.1.7

a)
average

minate the system fluid for each test condition (1, 2, or 3) to be used to the base
vel as shown<dn Table 2 using 1ISO 12103-A3 test dust.

e minimum

upstream

ne particle

from this section shall not be interrupted for the duration of the validation.

t the particle sizes shown in Table 2.

Accept the validation test only if:

particle count from all sample intervals for that size;

unts from

Record cumulative online particle counts at equal time intervals not to exceed 1 min for the duration of the

the particle count obtained for a given size at each sample interval does not deviate more than 15 % from the

© 1SO 1999 — All rights reserved
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b) the average of all cumulative particle counts per millilitre are within the range of acceptable counts shown in
Table 3.

8.1.8 Validate the online particle counting system, and dilution systems if used, in accordance with 1ISO 11943.

Table 3 — Acceptable cumulative particle count per millilitre

Particle size Test condition 1 Test condition 2 Test condition 3
(3 mg/l) (20 mg/l) (15 mg/l)
pm(c) min. max. min. max. min. max.
1 104 000 128 000 348 000 426 000 522 000 639 000
2 26 100 31 900 86 900 106 000 130 000 159:000
3 10 800 13 200 36 000 44 000 54 000 66 000
4 5870 7 190 19 600 24 000 29 400 35900
5 3590 4 390 12 000 14 600 17 900 22 000
6 2 300 2830 7 690 9420 11500 14 100
7 1510 1860 5050 6 190 7570 9290
8 1010 1250 3380 4 160 5080 6 230
10 489 609 1630 2030 2460 3030
12 265 335 888 1110 1340 1 660
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 2,4 1,0 7,6 2,4 11
8.2 Validation of contaminant injéction system
8.2.1 Validate the contaminant injection system at the maximum gravimetric level, maximum injgction system
volume, minimum injection-flow rate, and for a length of time required to deplete the complete usable vplume.
8.2.2 Prepare the contaminant injection system to contain the required amount of test contaminantfand required
fluid volume consistent with the configuration of that system.
NOTE Allancillary procedures utilized in preparation of the contaminant injection system become part of| the validation
procedure. JAlteration of these procedures will require revalidation of the system.

8.2.3 Add dust and circulate for a minimum of 15 min.

8.2.4 Initiate injection flow from the contaminant injection system, collecting this flow externally from the system.
Obtain 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.

8.2.6 Obtain samples of the injection flow and measure the injection flow rate at (30, 60, 90 and 120) min or at
least four equal intervals depending upon the depletion rate of the system.

8.2.7 Analyse each sample from 8.2.6 gravimetrically in accordance with 1ISO 4405.

© 1SO 1999 — All rights reserved 9
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8.2.8 Measure the volume of the injection system at the end of the validation test. This is the minimum validated
volume, V,,.

8.2.9 Accept the validation only if the gravimetric level of each sample is within £ 10 % of the gravimetric level
determined in 8.2.1 and the variation between samples does not exceed £ 5 % of the mean.

8.2.10 Accept the validation only if the injection flow rate at each sample point is within £5 % of the selected
validation flow rate (8.2.1) and the variation between sample flow rates does not exceed £ 5 % of the average.

8.2.11 Accept the val|dat|on only if the volume remaining |n the |n]ect|on system (8.2. 8) plus the quantity [average
injection flow

9 Summary of information required prior to testing
The following information is needed prior to applying this International Standard to a particalarfilter elemgnt:
a) fabricatign integrity test pressure (see 1SO 2942);

b) filter element test flow;

c) terminal plement differential pressure;

d) the presymed micrometre values for specific filtration ratios;

e) the presymed value, Mg, of the filter element capacity (mass:injected).

10 Prelimipary preparation

10.1 Test filter assembly

10.1.1 Insufe that test fluid cannot bypass ‘the filter element to be evaluated.

10.1.2 Subject the test filter element to a fabrication integrity test in accordance with ISO 2942.
NOTE 1 The test fluid used in 6.6 'ean be used for fabrication integrity testing.

NOTE 2 If the element is netiweadily accessible as in the case of a spin-on configuration, the fabrication integrity|test can be
conducted follpwing the multi¢pass test with the element removed. However, it should be appreciated that a low and perhaps

unacceptable [L5t bubbleqoint value does not necessarily mean such a value at the start of the test.

NOTE 3  Didqualifyithe element from further testing if it fails to exhibit at least the designated test pressure.

NOTE4 AI i1 58 il + frona t + + Loy Alamaant haf atalliae ta tha tact filliay W P oY J||Cab|e
1 \IV e TmmuTtu o CV(.APUIMI.U TUTTTUTe e oUTimer CreTimeTit MCIUIC IIIQI.K.AIIIIIH mruTc it ot IIII.CI IIUUQIIIy, VVIICIC (.Arl .

10.2 Contaminant injection system

10.2.1 Select a desired base upstream gravimetric level (G,') from Table 2 such that the predicted test time (t')
calculated by the following equation is preferably in the range of 1 hto 3 h:

t,:1000>< Me B
Gj xq

NOTE 1 A second element may be tested for capacity analysis if the value of the estimated capacity of the test element is not
supplied by the filter manufacturer.

10 © 1SO 1999 — All rights reserved
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Predicted test times of less than 1 h or longer than 3 h are acceptable as long as test conditions 1, 2, or 3 are

10.2.2 Calculate the minimum required operating injection system volume that is compatible with the predicted

test time, t

', and a desired value for the injection flow using the following equation:

Vinin = (12 x ' x ¢') + \,

NOTE 1
for adequat

e circulation throughout the test. Larger injection system volumes may be used.

)

The volume calculated above will assure a sufficient quantity of contaminated fluid to load the test element plus 20 %

NOTE 2
from the fil
provided th
in 8.2.5.

10.2.3 Calculate the desired gravimetric level (G) of the injection system fluid using the foftowing equ

vatue for the mjection flow of 0;25 HfmitTis cormmonty Usedand ensuares that the downstreanT sampt
fer test system will not significantly influence the test results. Lower or higher injection flow rates
At the base upstream gravimetric level is maintained. The injection flow rate should equal or exceed

flow expelled
may be used
he value used

ation:

. By xq
G =P ®3)
Gi

10.2.4 Adljust the total initial volume, V;; , of the contaminant injection<System (measured at test tefnperature) to
the value $elected in 10.2.2 and record on the report sheet given in Eigudre 2.
10.2.5 Calculate the quantity of contaminant (M) needed for the' contaminant injection system by the following
equation:

vo § M 4

1 000

10.2.6 Prior to the addition of 1SO 12103-A3.test dust to the contaminant injection system, v

backgroun

10.2.7 Prepare the contaminant injection system to contain the quantity of fluid, V;; , and 1ISO 121031
using the same procedure,that was utilized for the contamination injection system validatiof (8.2).

M, (10.2.5

10.2.8 Ad

maintain throughout the test~Record on the report sheet given in Figure 2.

10.2.8.1

10.3 Filte

10.3.1 In

d fluid contamination level is less than shown in Table 2.

just the injection flow)rate at stabilized temperature to within £5 % of the value selected

Return the,ifhjection system sampling flow directly to the injection reservoir during setup.

r test.system

rify that the

A3 test dust,

n 10.2.2 and

r.

stall the filter housing (without test element) in the filter test system and thoroughly bleed of g

10.3.2

It is recommended that the test fluid rest conductivity should be checked and maintained in the range of

1 000 pS/m to 10 000 pS/m (see ASTM D-4308-95). This can be accomplished by the addition of an anti-static

additive.

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

10.3.3 Circulate the fluid in the filter test system at rated flow and at a test temperature such that the fluid viscosity
is maintained at 15 mm?2/s + 1,0 mm?/s, record the temperature and differential pressure of the empty filter housing
per ISO 3968.

© 1SO 1999 — All rights reserved 11
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10.3.4 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 one-fourth (25 %) to one-half (50 %) of the designated test volume flow per minute
through the filter, with a minimum of 5 I.

NOTE 1 Itis recommended that the filter test system fluid volume be numerically equal to one-half (50 %) of the test volume
flow per minute value for flow rates less than or equal to 60 I/min, or one-fourth (25 %) of the test volume flow per minute value
for flow rates greater than 60 I/min.

NOTE 2 Repeatable results require that the system volume be maintained constant. The specified range of 1:4 to 1:2 volume
to flow ratio minimizes the physical size of the system reservoir as well as the quantity of test fluid required while maximizing the
mixing conditions in the reservoir.

10.3.5 Estaplish a fluid background contamination level of less than that specified in Table 2.
10.3.6 Effegtuate online automatic particle counting

10.3.6.1 Adjust the upstream and downstream sampling flows to an initial upstream value’compatibje with the
sampling procedure utilized and adjust the downstream flow to within £5 % of the\dnjection flowm} Maintain
uninterrupted flow from both sampling points during the entire test.

10.3.6.2 A\djust the upstream and downstream dilution flow rates if required¢<for online automatic cqunting, so
that at the ¢nd of testing, the flow rates and concentrations at the particle (Counters are compatible with the
instrument rgquirements.

NOTE The upstream and downstream sensor flow rates should be set and maintained at the values and with|n the limits
specified in 8.1.4 and Table 1.

10.3.6.3 Return the undiluted and unfiltered sampling flow upstream of the test filter directly to the tesf reservoir.

NOTE 1 If the upstream sample is diluted or filtered for online.automatic particle counting, the diluted or filtered ffluid should
be collected oitside of the filter test system.

NOTE 2 If the upstream sample flow is diluted or filtered, the downstream sample flow rate to be discarded should be
reduced by a |value equal to the upstream sample flow~that is collected outside the system. This is to assist in mpintaining a
constant systgm volume that should be kept within £'5-% of the initial system volume.

10.3.7 Adjukt the particle counter thresholds to the values selected (Table 2).

11 Filter performance test

11.1 |Install the filter eleméntinto its housing and subject the assembly to the specified test condition (test flow and
test temperafure established in 10.3.3 to maintain viscosity at 15 mm2/s + 1,0 mm2/s) and reaffirm fluid leyel.

11.2 Measyre and-record the clean assembly differential pressure. Calculate and record the cleah element
differential pvlessure using the clean assembly minus the housing differential pressure measured in 10.3.3.

11.3 Calculate the final assembly differential pressure corresponding to the terminal element differential pressure
plus the housing differential pressure.

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

11.5 Bypass the system clean-up filter if the upstream contamination level is less than specified in Table 2.
11.6 Obtain a sample from the contaminant injection system. Label it "initial injection gravimetric sample".

11.7 Measure and verify the injection flow rate.

12 © 1SO 1999 — All rights reserved
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NOTE Continuous measurement of the injection flow rate is required throughout the test to ensure the flow is maintained
within the specified tolerances.

11.8 Initiate the filter test as follows:
11.8.1 Allow the injection flow to enter the filter test system reservoir.
11.8.2 Start the timer.

11.8.3 Divert the downstream sample flow from the test system to maintain a constant system volume (£ 5 %).
See 10.3.6.1.

11.9 Conduct and record online particle counts on the upstream and downstream fluid at equal timg| intervals not
to exceed| 1 min until the differential pressure across the filter assembly has increased to the’ tgrminal value
calculated|in 11.3.

NOTE 1 [The upstream and downstream sensor flow rates should be equal to the values chosep. in’10.3.6.2 within the limits of
Table 1.

NOTE 2  Flow rates through sensors should be monitored and recorded throughout the test'and maintained within the limits of
Table 1.

NOTE 3 [Care should be taken to use online dilution as required to avoid exeeeding the coincidence limit of|the automatic
particle counter as determined according to ISO 11171.

NOTE 4 |t is recommended that the flow rate and dilution ratio be controlled and recorded to calculate the ejact amount of
test fluid that is passed through the sensor for each count.

NOTE 5 |tis recommended that a minimum counting volume of0 ml be used to obtain statistically significant qumbers.
11.10 Record the assembly differential pressure at the beginning of each particle count throughout the(test.

NOTE Continuous differential pressure measurements using a differential pressure transducer are recommjended for this
purpose.

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

11.12 Conclude the test at the final assembly differential pressure as follows.
11.12.1 Re¢cord the final testtime.
11.12.2 Dijert the injegtion flow from the filter test system.

11.12.3 Stpp the flow to the test filter.

11.13 Megsure and record the final volume, Vs, in the filter test system.

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

11.15 Obtain the final injection gravimetric level fluid sample from the contaminant injection system.
11.16 Check that no visual evidence of filter element damage has occurred as a result of performing this test.

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

12.1 Establish 10 reporting times equal to (10, 20, 30 ... 100) % of the final test time (11.12.1) and record these
times on the report sheet given in Figure 2.

12.2 Calculate the assembly differential pressure corresponding to each reporting time by conducting a linear
interpolation between the nearest measured differential pressures prior to and after that time. For the 100 % time
point, use the final assembly differential pressure.

12.3 Calculate and record on the report sheet given in Figure 2 the element differential pressures corresponding
to each of the reporting times by subtracting the housing differential pressure from each respective assembly

differential pfessUTe.

12.4 For ed
each size by

12.5 Calcul
reporting tim

Nu,x,t =

Nd,xt =

where nis th
12.5.1 Dele
NOTE Th

12.5.2 For

ch particle count obtained during the test (11.9) calculate the cumulative particle count)per

dividing the raw counts obtained by the counted volume and adjusting for any dilution if used.

hte average upstream and downstream particle counts at each particle size,'x, for each
bs, t, using the following equations and specific instructions:

n

Z Nu,x,i

i=1

n

n
Z Nd,x,i
i=1
n
e number of counts started in the specific reparting time period.

fe the first three (3) particle counts corresponding to test times of 1 min, 2 min, and 3 min.

bse data deletions are to eliminate potentially erroneous particle counts obtained prior to system stabili

millilitre at

of the 10

®)

(6)

ation.

he first reporting time (10 %); using the above equations, average the upstream and dgwnstream

counts obtaiped in clause 12.4 for all the-particle counts that were started before the first reporting tim

exception of
Figure 2.
NOTE Fo

12.5.3 For

the first three which were-deleted above). Record these average counts on the report she

a total test timedess‘than 30 min, there may be no data for the 10 % reporting time so leave the entrig

the second(Treporting time (20 %), average the upstream and downstream counts o

clause 12.4
time. Record

12.5.4 For

r all the\particle counts that were started after the first reporting time and before the secon
thesé average counts on the report sheet given in Figure 2.

b (with the
bt given in
s blank.

btained in
| reporting

using only

the counts that were started in each reporting interval. Record these average counts on the report sheet given in

Figure 2.

12.6 Calculate the filtration ratios (fy¢ corresponding to each of the 10 reporting times by dividing the average
upstream by the average downstream particle count at each size, x, corresponding to that respective reporting time
(see equation below). Record on the report sheet given in Figure 2 to three significant digits (i.e. 1,75; 20,1; 300).

(M

Particle counts shall be averaged and average filtration ratios (5 values) shall be calculated from these average
counts. Under no circumstances shall S values be averaged.

14
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12.7 Calculate the overall test average upstream and downstream particle counts by numerically averaging the 10
average counts from 12.6 corresponding to each of the 10 reporting times (see equations below). Record on the

report sheet given in Figure 2.

B 100
Aix = z Ny, x t (8)
t=10
B 100
Adx = z Na,x,t 9)
t=10
where t is the ten reporting time intervals from 10 to 100.
12.8 Calgulate the overall average filtration ratios, EX(C), using the following equation by dividing thg overall test
average upstream by the downstream cumulative particle counts at each size, x um(c). Ré¢ord on thg report sheet
given in Figure 2 to three significant digits.
Bxie) = (10)
(c) Adx
NOTE The subscript (c) signifies that the filtration ratio, Sy), is based op-this standard test method, ISQ 16889, using
particle counters calibrated in accordance with ISO 11171.
Particle cqunts shall be averaged then average filtration ratios (#walues) shall be calculated from these average
counts. Under no circumstances shall S values be averaged.
12.9 Conduct a gravimetric analysis on the two samples extracted from the contaminant injection system (from
11.6 and 11.15). Report values to nearest 0,1 mg/l. (See SO 4405)

12.9.1 Calculate the average (G;) of these two gravimetric levels from the injection system.

12.9.2 Agcept the test only if the gravimetic level of each injection system sample is within £ 5 % of thjs average.
NOTE f the average injection gravimetric value, G; , differs from the selected value, Gy, 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 pyocedure be repeated (8(2))
12.10 Conduct three gravimetric analyses on the 80 % upstream sample (from 11.11) and record the average of
these analyses as the finaksystem gravimetric level. Report values to nearest 0,1 mg/I.
NOTE The final.sample is taken at the 80 % point because it often overlaps the end of the test.
12.11 Calgulate ‘and record the average injection flow rate (g) by subtracting the final from the irjitial injection
system volume and dividing by the final test time as shown in the following equation:
Vi — M
= i If (11)
t

Accept the test only if this value is equal to the selected value (10.2.2) £ 5 %.

12.12 Calculate and record the average base upstream gravimetric level (Gp) as shown in the following formula:

G =2 x4 (12)
q
Accept the test only if this value is equal to the base upstream gravimetric level specified in Table 2.
© 1SO 1999 — All rights reserved 15
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13 Data presentation

13.1 Report the following minimum information for filter elements evaluated in accordance with this International
Standard.

Present all test and calculation results as included in the report sheet given in Figure 2. It is recommended that the
layout of the report sheets be adopted as shown.

13.2 Using the actual test time (;) to reach the terminal element differential pressure, the average gravimetric
level (G;) of the injection stream, and the average injection flow rate, ¢, calculate the filter element ISO 12103-A3
test dust mass injected (M) using the following equation:

My = 2 axt (13)
000

Calculate anfl report the ISO 12103-A3 test dust retained capacity, rounded to the nearesttwo significgnt figures,
using the follpwing formula:

 GgoxV xtx(Go-G) @x fx(Go+ @)/2 (14)
1000 1000 1000

&R=M

NOTE 1 The above formula subtracts from the ISO 12103-A3 test dust mass injected:

NOTE 2 The three terms subtracted from the mass injected represent (1):the weight of contaminant remaining in the test
system at the end of the test; (2) an estimate of the amount of contaminant®germanently extracted from the system fthrough the
filter downstream sampling tap [the term (Gg, — G,) is a conservative estimate of the gravimetric level downstrean of the test
filter]; and (3)[an estimate of the amount of contaminant extracted from the upstream sample flow (g,) that is germanently
discarded from the test system [the term (Gg, + G,))/2 is an estimate‘of the average upstream gravimetric level]. If tHe upstream
sample flow is|recycled and not discarded, the equation is applied.Without the final term.

13.3 Repor{ the values of the gravimetric levels obtained in 12.9 and 12.10.

13.4 Calculpte, record on the report sheet given.in Figure 2, and plot on linear coordinates (refer to Higure C.2)
element diffgrential pressure versus 1ISO 12103-A3 test dust contaminant added by using the following fofmula:

Gixqixtp
M =
P~ 1000

(15)

where Mp, is fhe contaminant added at differential pressure, Ap, and time, t,,.

13.5 Plot on semi-log (log linear) coordinates average S versus patrticle size, S values being on the log|scale with
S =100 000 gs the highest values plotted. See the example in Figure C.3.

NOTE When By, equal infinity values (zero downstream particle count) are recorded, they should be| plotted as

13.6 Calculate and record on the report sheet given in Figure 2 the micrometre values corresponding to average
filtration ratios of 2, 10, 75, 100, 200, and 1 000 using interpolation of straight line segments connecting points on
the semi-log S versus patrticle size plot. Do not extrapolate.

NOTE 1 For many filters, micrometre values for each of the above S ratios cannot be obtained by interpolation. In these
cases, the values unobtainable should be noted as either less than the minimum size counted or greater than the maximum size
counted whichever is appropriate. Values should be reported for at least two or more consecutive filtration ratios from the above
values.

NOTE 2 For calculation of the interpolated particle size, x um(c), for a specified filtration ratio, fy) , where the value falls

between two of the points from the plot in 13.5 (corresponding to filtration ratios and particle sizes Sy, Sy and xq, X
respectively), use the following equation:
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e (%= X2) x10g9(Bx(c) / Bxa)

(16)
l09(Byxt ! Bxo)

X1

NOTE 3 For Bvalues greater than 100 000, use the value of 100 000 in the above equation.

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

13.8 Plot on log-log coordinates average g values for each particle size versus element differential pressure, with
the S values on the ordinate. See the example in Figure C.5.

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

14 Identification statement (reference to this International Standard)

Use the fpllowing statement in test reports, catalogues and sales literature when ‘elécting to comply with this
Internatiorjal Standard:

"Method fpr determining filtration performance data in accordance with 1S@16889:1999, Hydraulig¢ fluid power
filters — Multi-pass method for evaluating filtration performance of a filter element".
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| Test laboratory: Test date: Operator:

FILTER AND ELEMENT IDENTIFICATION

Element ID:
Spinon: YES / NO

Housing ID:

Minimum element bubble point (Pa):

OPERATING CONDITIONS

Test fluid

Type: Ref: Batch no:

Viscosity at fetesttemperature Ulllll7lb). Temperatare (CJ-
Antistatic: YES / NO Type: Conductivity (pS/m):
Test contanjinant

Type: ISO 12103-A3 test dust Batch no.:

Test system

Flow rate g {I/min): Initial volume (1):

Base upstregm concentration G, (mg/l) Final volume (1):

Injection sygtem

Injection parameters Initial Final Average injection parameters

System volyme () Injection-flow g; (I/min)

Concentratipn (mg/l)

Congentration G, (mg/l)

Counting syptem Counter and sensor ref. Dilution ragti

Flowrate (ml/min) [o]

Upstream

Downstrean

Counter calipration:

Method:

Date:

TEST RES

ULTS

Element intg
Bubble poin|
Differential

Filter housin
Clean elemg
Differential |

grity

ressure
g (kPa):

to 1SO 2942 (Pa):

nt (kPa):

ressure versus contaminant added

Wetting fluid:

Clean ass'y (kPa):

Final Ap element (kPa):

Time
interval

Test time

(min)

Element Ap
(kPa)

Injected mass

(9)

Time
interval

Test time

(min)

Element Ap
(kPa)

Inject

bd mass
9)

10 %

60 %

20 %

70 %

30 %

80 %

40 %

faYaW)

CA~aray

50 %

100 %

Filtration ratio 3,

Retention capacity
ISO 12103-A3 test dust mass injected M; (g):
80 % upstream concentration Gg,, (mg/l):

(c)

ISO 12103-A3 test dust retained capacity Cy, (9):

Average filtration ratio

10

75

100

200

1

000

Particle size, um(c)

18

Figure 2 — Filter element multi-pass report sheet
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Particle counts (per ml) and filtration ratio
Time interval d> B d> d> d> d> | g| d>
um(c) um(c) um(c) pm(c) um(c) um(c)
Initial up - .
10 % Up
Down
20 % Lp
Down
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. Dawn
Figure 2 (continued)
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Annex A
(normative)

Properties of base test fluid

A.1 Properties of mineral oil stock

— pour poi
— flash poi

— acidor 4

A.2 Additi

— Viscosity

Nt (max.) —-60 °C;
nt with closed cup (min.) 82 °C;
ase number, mg KOH/g (max.) 0,10;

e materials

temperature coefficient improvers: not to exceed 20 % (by mass);

— oxidation inhibitors: not to exceed 2 % (by weight);

— anti-wed

NOTE W

r agent such as tricresyl phosphate: (0,5 + 0,1) % (by«mass);

hen TCP is used, limit the ortho-isomer content to a maximum of 1 % (by mass).

A.3 Properties of finished oill

— viscosityf: at 40 °C (min.) 13,2 mm?/s;
at 100 °C (min.) 4,9 mm?2/s;
at£50°C (max.) 2 500 mm?2/s;
at —40 °C (max.) 600 mm?2/s;

— pour poipt (max.) —60 °C;

— flash point withrelosed cup (min.) 82 °C;

— acid or base-numbermg KOH/g (max) 0,20;

— rubber swell, standard synthetic rubber |

19 % to 30 %;

— evaporation loss (max.) 20 %;
— copper strip corrosion (ASTM standard, max.) No. 2e;
— water content (max., ug/g) 100;
— steel-on-steel wear (average wear scar, max. dia.) 1 mm;
— chlorine (max., nug/g) 50.

20
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A.4 Colour of finished oil

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

A.5 Qualified fluids

During the preparation of this International Standard, the following fluids were found to fulfil the above
requirements:

—  Mil-H{
— AIR3
— Nato

— DEF {

A.6 Res

5606;
520;
Code H-515/520;

bTAN 91-48.

t conductivity

It is reconpmended that the test fluid rest conductivity be checked and maintained in the range of 1

10 000 pS|

CAUTION

m (see ASTM D-4308-95). This can be accomplished by, the addition of an anti-static additiy

— Use of additive having a date code of older thanxL8 months is not recommended.

© 1SO 1999 — All rights reserved
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Annex B
(informative)

Test system design guide

B.1 Introduction

B.1.1 The
equipment tg

B.1.2 This
requirements

B.1.3 The

successful validation of the equipment.

B.2 Basic

B.2.1 Gens

B.2.1.1

B.2.1.2 l
All lines shot
B.2.1.3 I
Fittings shou

B.2.1.4 l

Lines and fitngs should be arranged to eliminate dead flow zones and where possible, vertical runs are

to horizontal,

B.2.1.5

Ball valves 4
action.

The schematic of the basic equipment is shown in Eigure B.1. It consists of two systems: th
system and the contaminant injection system.

perform the desired test.

annex is intended to provide basic guidance in constructing equipment that will;meet the)
of this International Standard.

reader is cautioned that this annex provides only guidelines for construction and in no way d

test system

ral guidelines

Lines

Id be sized for turbulent mixing flow anpd:fong straight runs should be avoided.
Fittings

d not have internally exposed threads or lips that may be contaminant traps.

Lines and fittings

alves

ire preferable to other types of valves as they are not contaminant traps and have a se

Multi-pass test procedure requires a pre-test validation procedure to determine the acceptall)ility of the

validation

uarantees

b filter test

preferable

If-cleaning

B.2.2 Filter

test system

The filter test system consists of the following elements.

B.2.2.1 Reservoir

B.2.2.1.1

the entering oil diffused below the fluid surface.

NOTE Thi

22

s construction technique eliminates horizontal surfaces that may promote contaminant settling.

A reservoir constructed with a conical bottom displaying an included angle of not more than 90° with
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B.2.2.1.2 The reservoir design pictured in Figure B.2 is a full cone and is useful in containing a desired fluid
volume in a system where height is critical.

B.2.2.1.3 The reservoir design pictured in Figure B.3 is a cylinder with a conical bottom and is useful in
containing a desired fluid volume in a system where reservoir diameter is critical.

B.2.2.1.4 Reservoir included angles of 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 $ystem pump and drive

B.2.2.2.1 | The system pump should be selected from a pump family that is relatively insensitive to cgntaminant at
the desireql operative pressures.

B.2.2.2.2 | The system pump should exhibit a relatively low flow pulsation characteristic (less than 10|%) so as not
to cause grroneous test results.

B.2.2.2.3 | The system pump should not cause alteration of the test contaminant distribution as g result of its
pumping mechanism.

NOTE Gear pumps and some types of piston pumps have demonstratéed capability in these respects. dentrifugal and
progressivg cavity pumps have resulted in difficulties in complying with validation.

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 conpgtant speed.

NOTE Variable frequency a.c. drives and d.c. drive$-exhibit these desirable characteristics.

B.2.2.3 C(Clean-up filter

B.2.2.3.1 | The system clean-up filteryshould be capable of providing an initial system contamingtion level as
shown in Table 2 of the test method.,

B.2.2.3.2 | To promote rapid.cléan-up, the filter should typically be finer than the filter to be tested and be sized for
at least th¢ maximum systentflow rate.

B.2.2.3.3 | To promote-economy, the filter should also possess a high contaminant capacity.

B.2.2.3.4 | The.use of multiple or large filters to achieve a low flow rate per unit area is desirable.

B.2.2.4 Heat exchanger/heater

Depending upon system power capabilities, cooling or heating of the system fluid may be required:

— Heat exchanger: the conventional shell and tube heat exchanger may be utilized. It is recommended that a
vertical mounting configuration with the oil entering the tube side from the bottom be used. This is to reduce
the possibility of particle sedimentation or capture in the heat exchanger.

— Either side or multi-pass heat exchangers have been successfully utilized as described above.

— Some data indicates that up to a 65 % loss in thermal transfer may occur when operating with the oil on the
tube side. Care should be taken to size the heat exchanger accordingly.
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— Other cooling methods such as coils wrapped on the external surface of reservoirs and pipes have also proved
satisfactory as have double wall conduits.

— Fluid heating: fluid heating, if required, may be accomplished by the use of heating tapes on external surfaces
or by using a second heat exchanger with a 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
returning dir¢ctly to the reservoir. This section allows the system pump to be operated at a higher spded for low
flow tests eljminating high flow ripples and drive over heating. Diaphragm, weir or pinch valveS/have proved
suitable for bypassing the filter.

NOTE If o filter bypass section is used, it should be included and active in the test system validation,

B.2.25.2 ounter pressure regulation valve

This optional|downstream valve allows the test filter to be tested under pressure that is generally required for online
automatic pafticle counting. Ball, diaphragm, weir or pinch valves are suitable for.this purpose.

The flow meter should be located between the test filter and the downstream sample port to read the tfue flow in
the test section and to provide the maximum protection for the flowmeter from abrasive contaminant. Flpw meters
in other locations may require correction for sample flows that may not be measured. Turbine flow meters using
sealed bearings have proven suitable.

B.2.3 Contaminant injection system

The contamipant injection system consists of the following elements.

B.2.3.1 Repervoir
Construction|and design precautions_ are the same as for the test system reservoir.

NOTE Owing to the large volume-and high contaminant concentrations encountered, some auxiliary agitation system for the
contaminant ipjection reservoir-is-desirable. These may be stirrers, auxiliary circulation loops or similar high ehergy input
devices.

B.2.3.2 Pump

B.2.3.2.1 The high contaminant concentration in this circuit makes the choice of the pump limited to those with a
complete incpncifi\/ify to_abrasive slurries (‘pnfrifllgal and prngrpqci\/p r‘m/i'ry pumps have heen shown to be

acceptable.

B.2.3.2.2  When using centrifugal pumps, vertical mounting with the inlet down or horizontal mounting with the
discharge at the bottom have proven successful.

B.2.3.3 Clean-up filter

The same considerations as for the filter test system apply except that contaminant holding capacity is of prime
importance.
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See the previous recommendations for filter test system in B.2.2.4.

B.2.3.5 Flowmeter

Any flowmeter used in the injection system should be compatible with the high concentration of abrasive particles.
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Figure B.1 — System schematic
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Annex C
(informative)

Example report calculations and graphs

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

C.1 Prelinjinary information

The informatfon required prior to conducting the test according to clause 9 were as follows:

Fabricat|on integrity pressure: 1500 Pa;

Test flow, g;: 100 l/min;

Terminal element Ap: 400 kPa;

Presumed filtration ratios: Bs(cy = 4, Bis(c) 779!
Estimatgd capacity, Mg: 40 g.

For test purppses, the laboratory selected the following test conditions:

Desired pase upstream gravimetric level, G,": 10 mg/l;

Desired jnjection flow, g’ 0,25 I/min;

Particle fount sizes: (5, 10, 15, 20, 30) um(c)
From 10.2.1,|/formula (1): t' = 1000x409 — =40 min

10mg/1x 1001/ min
From 10.2.2,|formula (2): Vinin =(1,2x40minx 0,251/ min)+81=201
From 10.2.3,|/formula (3)t G' = 10mg/1x 109””"” =4000mg/|
0,251/ min

From 10.2.5,|/fofmula (4): = 4000mg/l1x 201 =80g¢g

1000

C.2 Multi-pass test results

The multi-pass test was conducted with the above parameters and the remaining test conditions and test results
are shown in Figure C.1. The calculated test results reported in Figure C.1 were determined as follows:

From 12.11, formula (11): g = M =0,2521/min
34,2 min
From 12.12, formula (12): G, = >280ma/1x025217min _, 5 ),

1001/ min
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Test laboratory: Example Test Lab Test date: 4 December 1999 Operator:
ABC
FILTER AND ELEMENT IDENTIFICATION
Element ID: Example test filter Housing ID: Test Housing
Spin on: YES / Minimum element bubble point (Pa); 1500
OPERATING CONDITIONS
Test fluid
Type: Fluid Manufacturer XYZ Ref: Mil-H-5606 Batch no: 1234
Viscosity atlthe test temperature (mm?/s): 14,9 Temperature (°C): 37,2
Antistatic: <IE§ / NO Type: Stadis 450 Conductivity (pS/m): 1250
Test contanjinant
Type ISO 12103-A3 test dust Batch no.: __ 4390 C
Test system
Flowrate g (/min): 100 Initial volume (1): 25,0
Base upstrdam concentration G, (mg/l) 10,0 Final volume (I): 24,5
Injection sygtem
Injection|parameters Initial Final Average injection parametgrs
System volyme () 20,0 11,4 Injection flow g, (/min) g,252
Concentratipn (mg/l) 3979,7 3981,1 Concentration G, (mg/l) 3980
Counting system Counter and sensor ref Flowrate (ml/min) Dilution ratio
Upstream ABC model 123, s/n 21 100 1:1
Downstrean ABC model 123, s/n 22 100 hone
Counter callbration: Method: 1ISO©¥1171:1999 Date: 4 Decembe} 1999
TEST RE$ULTS
Element intggrity
Bubble point to ISO 2942 (Pa): 2190 Wetting fluid: Mil-H-5606
Differential pressure
Filter housing (kPa): 310 Clean ass'y (kPa): 394
Clean element (kPa): 8.4 Final Ap element (kPa): 400
Differential pressure versus contaminant added
Time interyal Testtime Element A p Injected mass Time interval Test time Element A p Injected mass
(tin) (kPa) (9) (min) (kPa) (9)
10 % 34 10,1 34 60 % 20,5 17,9 20,6
20 % 6,8 11,9 6,9 70 % 24,0 31,7 24,0
30 % 10,3 13,7 10,3 80 % 27 59,0 27,4
40 % 13,7 154 13,7 90 % 30,8 123,0 30,8
50 % 17,1 16,8 171 100 % 34,2 400,0 34,3
Retention capacity
ISO 12103-A3 test dust mass injected M, (g): 34 ISO 12103-A3 test dust retained capacity C, (9): 34
80 % upstream concentration Gg,, (mg/l): 22,3
Filtration ratio ﬁx(c)
Average filtration ratio 2 10 75 100 200 1000
Particle size, um(c) — 7,80 13,7 14,6 15,9 18,7

Figure C.1 — Filter element multi-pass report sheet
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TEST RESULTS (continued)

Particle counts (per ml) and filtration ratio
Time d>5 g |d>10| p |[d>15 B d>20 yij d>30 B d> B
interval pm(c) pm(c) pm(c) pm(c) pm(c) pm(c)
Initial up 0,50 - 0,20 [ 0,00 | [ 000 | e
10 % Up 13 900 1750 480 174 29
Down 2240 | 6,2 | 33,7 | 51,9 | 1,1 |4320| 0,0 |5490| 0,0 oo
20 % Up 14 200 1760 481 179 31
Down 2490 | 5,7 | 39,1 | 450 | 1,7 |2850| 0,0 |4710| 0,0 oo
30 % Up 14 400 1770 482 176 30
Down 2800 | 51 | 454 | 39,0 | 1,7 |2890| 0,0 |5770| 0,0 7.210
40 % Up 15 600 1890 520 192 34
Down 3100 | 5,0 | 535 | 353 | 2,1 |2520| 0,0 |5320| O0Q oo
50 % Up 15 500 1870 504 184 31
Down 3230 | 48| 56,3 |332| 22 |2250| 00 |5010] 0,0 oo
60 % Up 15 600 1860 504 186 33
Down 3350 | 47| 609 |305| 29 |177,0| 01+ 2690 | 0,0 oo
70 % Up 16 000 1890 518 190 33
Down 3750 | 43| 74,7 | 253 | 3,3 | 158,0°| 0,1 | 2590 | 0,0 oo
80 % Up 16 800 1910 508 187 32
Down 5050 | 3,3 |117,0| 16,3 | 63 80,9 01 |1260| 0,0 7 680
90 % Up 19 400 2030 527 190 32,4
Down 7520 | 2,6 | 186,0 | 209 | 10,0 | 52,9 01 |1280| 0,0 oo
100 % Up 21 200 2090 532 192 33
Down 8760 | 2,4 |@224,0| 9,3 | 12,3 | 433 0,3 | 753,0| 0,0 oo
Avg Up 16 300 1880 506 185 32
Avg Down 4230739 | 890 (21,1 44 |1160| 01 |2130| 0,0 | 37900

Figure C.1 (continued)

S 980mg/1x0,2521TI'min x 34,Zmin
1000

From 13.2, formula (13): M, = =34,3 g, rounded to 34 g.

In order to calculate the retained capacity, the following parameters not reported on the test data sheet are
required:

Discarded downstream sample flow rate, gq4: 0,20 I/min;

Discarded upstream sample flow rate, q;: 0,05 I/min;
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From 13.2

Cr=343g-

ISO 16889:1999(E)

.1, formula (14):

22,3mg/|x24,5|_0,2I/min><34,2minx(22,3mg/|—10mg/|) 3
1000 1000

051/minx 34,2minx (22,3mg/1+10mg/l)/2

1000

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

Each of the dust injected values reported in Figure C.1 were calculated using formula (15) in 13.4. The average
particle counts and filtration ratios were calculated using formulas (5), (6), (7), (8), (9) and (10).

Figure C.2
element d
represents

Figure C.1.

Formula (
bottom of
between 1

is a graph of element differential pressure versus dust injected. The first data point represe
fferential pressure at the beginning of the test and each of the remaining data points <
one of the reporting times from 10 % to 100 % of final test time. These values. are a

[ 6) was used to calculate the interpolated particle sizes for the specific filtfation ratios re
Figure C.1. As an example, to calculate the particle size, x, where Syc).= 75, an interpolg
0 um(c) and 15 pm(c) as follows:

D um(c) — 15 um(c)] x log(75/21,1)

The partic

5 um(c) and extrapolation is not allowed.

Figure C.3
sizes. Thd
correspon
of 13,7 un

Figure C.4

are also shown in Figure C.1. Note that several‘of the measured values for g at 30 um(c) were infinity;

points are

Figure C.5

These vallies are also shown in Figure C.1. Again note that values for # = « are plotted at # = 100 00

log(211/116) +10 um(c) =13,7 um(c)

le size for § = 2 could not be calculated because it occurs below the lowest particle 3

is a plot of g versus particle with straight line segments connecting the data points at the va

nts the clean
|0 minimum)
so shown in

borted at the
tion is made

ize counted,

rious particle

linear interpolation calculated above is illustrated between particle sizes for 10 um(c) and 15 pm(c)

Hing to S values of 21,1 and 116 respectively,»Fhe interpolated value for f= 75 occurs at 3
(C) or ﬂl3,7(C) =75.

is a plot of average filtration ratio ateach of the particle sizes versus per cent test time. ]
plotted at # = 100 000.

is a plot of average filtration ratio at each of the particle sizes versus element differen

particle size

[hese values
however, the

ial pressure.
D.
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Figure C.2 — Example differential pressure versus contaminant added curve
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Figure C.3 — Example filtration ratio versus particle size curve
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Figure C.4 — Example plot of filtration ratio versus percent test time
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Figure C.5 — Example plot of filtration\ratio versus element differential pressure
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Annex D
(informative)

Summary of ISO round robin for the multi-pass test (ISO/CD 4572)

D.1 Background

NOTE The round robin reported in this annex was conducted using automatic particle counter calibration ‘in
with 1SO 4403-1991 and ISO/WD 11943 using AC Fine Test Dust. The calibration procedure called out in~this i
standard usegq ISO 12103-A3 test dust in accordance with 1ISO 11171 and ISO 11943. Therefore, the particle, sizes

pccordance
hternational
reported in

this annex should be adjusted accordingly if compared to results that use this standard. Also the procedure was ffenumbered

from the original ISO 4572 to 16889 during the development of this revision.

In the summer of 1994, an international round robin was conducted with 27 laboratories initially particig
eight countries. Automatic particle counter calibration samples prepared in acegrdance with 1SO 4
supplied to ejach participant. Using these samples and a supplied batch of ISO 12103-A3 test dust, each
was asked [fo conduct an on-line automatic particle counter calibration and* validation in accord
ISO/WD 119%3. Three sets of filter elements were also supplied to be tested under conditions 1, 2
accordance \vith Table 2 of this International Standard. Initially there were-only two types of elements for
1 and 2 respgctively, but the program was extended to a few laboratories to include a third type of eleme
condition. Three elements for each condition were supplied with-all' elements of each type from

manufacturin
procedures (
Fluid Power

There were
following a
ISO/TC 131/
included in th

D.2 Multi-

The results d
that success

g lot. Each participating laboratory was asked to test two elements of each type accord
f ISO/CD 4572. The results, coded so as not to r&veal the laboratory, were all sent to th
Association for analysis.

a total of 21 laboratories submitting data from the round robin representing eight cou
e summary and conclusions drawn- from the multi-pass round robin cond

e tables. Outliers have been excluded from the statistical results presented.

pass filter test system-validation

f the filter test system‘validation are included in Tables D.1 and D.2. Table D.2 shows the I3
ully passed and those that did not. The outliers eliminated from the final analysis either wg

on the calibrgtion according4o,ISO/WD 11943 or did not validate their on-line system prior to conducting

ating from
402 were
laboratory
ance with
and 3 in
conditions
ht and test
the same
ing to the
e National

tries. The
icted for

5C 8/WG 9. Comments are given on-gach major step and the complete data and suminaries are

boratories
re outliers
his test.

Most of the laboratories.who did not successfully pass the on-line particle counter calibration and validatipn also did

not generally
successfully
validations p

pass the\filter test system validation. Most laboratories who did pass ISO 11943 were a
validate their filter test stands at all particle sizes per the ISO/CD 4572 procedures with 9
hssing the requirements of subclause 8.1.

so able to
B % of the

D.3 Contaminant injection system validation

As shown in Table D.3, nearly all laboratories passed the injection system validation. Only two laboratories failed
and by a very small amount.

34

© 1SO 1999 — All rights reserved


https://standardsiso.com/api/?name=af3fa73517ad2875c08a4ab0d95a5af3

1999(E)

ISO 16889

Table D.1 — Filter test system validation: particle counts average particles/ug > size (um)
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Table D.2 — Filter test system validation check
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Table D.3 — Validation of contaminant injection system

ISO 16889:1999(E)

Lab. |Selected Measured gravimetric levels,  mg/l Average |Maximum [ Diff. from
no. Grav.1l | Grav.2 |Grav.3 |[Grav.4 grav. difference  |desired
level % %
mg/| mg/| 5% max. | 10 % max.
1 1890 1857 1881 1879 1853 1867 0,8 1,2
2 14710 |14900 14794 14582 14573 14712 1,3 0,0
3 2 537 560 512 523 533 51 n/a @
4 1000 1005 1017 1004 1000 1007 1,0 0;7.
5 3409 3,33 3,25 3,25 3,22 3,26 2,1
6 1000 993 1003 1003 1003 1000 0,7 0,0
8 3400 3407 3404 3391 3395 3399 0,2 0,0
9 1500 1417 1423 1461 1408 1427 2,4 4,9
10 2200 2219 2212 2272 2208 2228 2,0 1,3
11 ? 1774 1729 1750 1737 1748 15 n/a
12 3000 3119 2995 3071 3095 3070 2,4 23
13 1600 1652 1690 1606 1680 1657 31 3,6
14 2000 1873 1881 1792 1825 1843 2,8 7,9
15 1110 1076 1081 1039 1031 1057 25 4,8
16 9463 9610 9998 9846 10019 9868 2,6 4,3
19 8516 8489 8485 8444 8459 8469 0,3 0,6
19 5678 5657 5653 5664 5653 5657 0,1 0.4
22 8485 8693 8529 8564 8698 8621 1,1 1,6
24 1100 1015 1030 1055 1098 1050 4,6 4,6
26 5000 5048 5030 5136 5076 5073 1,3 15
27 4000 | 4053 3996 4021 4022 4023 0,7 0,6
28 1500 1289 1263 1384 1377 1328 4,9 11,5 P
Average 2,2 3,5
8-5)1 9% failed maximum % difference requirement by 0,1 %
B 11,5 % failled maximum variation from desired requirement by 1,5 %

D.4 Multi-pass results, types 1, 2, and 3 filters and test conditions

A total of 44 type 1 filters were tested in 20 laboratories using Mil-H-5606 hydraulic fluid. A total of 47 type 2 filters
were tested in 21 laboratories using Mil-H-5606 hydraulic fluid. A total of four type 3 filters were tested in two
laboratories using Mil-H-5606 hydraulic fluid.

For type 1 and 2 filters, the flow rate was 100 I/min and for type 3 the flow was 95 I/min. The test viscosity was
15 mm?2/s and the terminal Ap was 400 kPa differential for all tests.
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