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Foreword

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

A hydraulic filter is provided to control the number of particles circulating within the system to a level
that is commensurate with the degree of sensitivity of the components to the contaminant and the level
of reliability required by the users.
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able the comparison of the relative performance of filters so that the most approprig

te filter can

be se
are 4
seal

In pr
until
pres

Both|

any |
rates

Ther]
filter
mon

It is
that
be fe
worl
dowl
Inter

This
intern
state

lected, it is necessary that test procedures be available. The performance characterist
function of the element (its medium and geometry) and the housing (its general config
esign).

actice, a filter is subjected to a continuous flow of contaminant entrained'ih the hy
some specified terminal differential pressure (relief-valve cracking ‘pressure or
bure indicator setting) is reached.

the length of operating time (prior to reaching terminal pressure) and the contami
point in the system are functions of the rate of contaminant addition (ingression plu
) and the performance characteristics of the filter.

efore, it is necessary that a realistic laboratory test.to“establish the relative perfo
provide the test filter with a continuous supply of ingressed contaminant and allow
toring of the filtration performance characteristicsof the filter.

hlso necessary that the test provide an acceptable level of repeatability and reprody
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Hydraulic fluid power — Filters — Multi-pass method for
evaluating filtration performance of a filter element

1

Scope

This document describes the following:

NOTH

NOTH
can b

This
the f]
char

This

2
The

cons
undg

multi-pass filtration performance test with continuous contaminant injection for. hy
ower filter elements;

i

1

q

¢haracteristics;

fatio greater than or equal to 75 for particle sizes = 25 pm(c), anda final reservoir grav
of less than 200 mg/L;

2
e used in test facilities.

4 test using ISO medium test dust (ISO MTD) eontaminant and a test fluid in acco
Annex A.

be.

document applies to three test conditions:
tlest condition 1, with a basetupstream gravimetric level of 3 mg/L;
flest condition 2, with a base upstream gravimetric level of 10 mg/L;

tlest condition 3, with’a base upstream gravimetric level of 15 mg/L.

Normativereferences

following documents are referred to in the text in such a way that some or all of t
FituteS requirements of this document. For dated references, only the edition cited
tedreferences, the latest edition of the referenced document (including any amendme

For the background interlaboratory study used to verify the test methodology,;see Anne

d procedure for determining the contaminant capacity, particulate removaland different

3 test currently applicable to hydraulic fluid power filter elements‘that exhibit an averg

It is necessary to determine by validation the range of-flow rates and the lower particle

draulic fluid

K D.

ial pressure

ge filtration
metric level

ize limit that

rdance with

document is intended to provide a test procedure that yields reproducible test data fof appraising
ltration performance of a hydraulic fluid power filter element without influence of ¢

blectrostatic

heir content
applies. For
hts) applies.

[SO 1219-1, Fluid power systems and components — Graphical symbols and circuit diagrams — Part 1:
Graphical symbols for conventional use and data-processing applications

[SO 2942, Hydraulic fluid power — Filter elements — Verification of fabrication integrity and determination
of the first bubble point

[SO 3722, Hydraulic fluid power — Fluid sample containers — Qualifying and controlling cleaning methods

[SO 3968, Hydraulic fluid power — Filters — Evaluation of differential pressure versus flow

ISO 4021, Hydraulic fluid power — Particulate contamination analysis — Extraction of fluid samples from
lines of an operating system
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ISO 4405, Hydraulic fluid power — Fluid contamination — Determination of particulate contamination by
the gravimetric method

[SO 5598, Fluid power systems and components — Vocabulary

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

ISO 11943:2021, Hydraulic fluid power — Online automatic particle-counting systems for liquids —

Methods of c

alibration and validation

ISO 12103-1:2016, Road vehicles — Test contaminants for filter evaluation — Part 1: Arizona test dust

3 Terms

For the pury
ISO and IEC
[SO Onl

IEC Eleq

3.1 Gene

3.1.1
contaminaj
mass of spe
pressure

3.1.2
rest condug
electrical cq
between ele

Note 1 to en|
polarization.

3.1.3

retained capacity

mass of the {
element diff

3.2 Term
3.2.1

and definitions
oses of this document, the terms and definitions given in ISO 5598 and the following 3
maintain terminology databases for use in standardization at the followingXaddresses

ne browsing platform: available at https://www.iso.org/obp

tropedia: available at https://www.electropedia.org/

ral terms

1t mass injected
ific particulate contaminant injected into the testCircuit to obtain the terminal differg

tivity
nductivity at the initial instant of current measurement after a d.c. voltage is impre
ctrodes

kry: It is the reciprocal of the qesistance of uncharged fluid in the absence of ionic depleti

pecific particulate.contaminant effectively retained by the filter element when the terr
erential pressureis reached

s related to differential pressure

differentia

pply.

ntial

ssed

pn or

ninal

pressure

difference b
conditions

etween the tested component Inlet and outlet pressure as measured under the spe

Note 1 to entry: See Figure 1 for a graphical depiction of differential pressure terms.

3.2.2

clean assembly differential pressure
difference between the tested component inlet and outlet pressures as measured with a clean filter

housing con

3.2.3

taining a clean filter element

clean element differential pressure
differential pressure of the clean element calculated as the difference between the clean assembly
differential pressure and the housing differential pressure

ified
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3.2.4

final assembly differential pressure

assembly differential pressure at the end of a test, equal to the sum of the housing plus the terminal
element differential pressures

3.2.5
housing differential pressure
differential pressure of the filter housing without an element

3.2.6
rer to limit
A
Y
|\

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

2 terminal element differential pressure

Figure 1 — Differential pressure conventions for multi-pass test

©1S0 2022 - All rights reserved 3
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4 Symbols

4.1 The graphical symbols used in this document are in accordance with [SO 1219-1.

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

Table 1 — Letter symbols

Symbol Unit Description or explanation

Zd,x particles per millilitre  |overall average downstream count of particles larger than size x

Zu,x particles per millilitre overall average upstream count of particles larger than size x

Cp milligrams per litre average base upstream gravimetric level

' milligrams per litre desired base upstream gravimetric level
G milligrams per litre average injection gravimetric level

o milligrams per litre desired injection gravimetric level

Can milligrams per litre test reservoir gravimetric level at 80 % assembly differential prep-

sure

k — number of the reporting interval cortesponding to the time interyals
m grams mass of contaminant needed fordhjection

mg grams estimated filter element contaminant capacity (mass injected)

m; grams contaminant mass injected

m, grams contaminant mass injeeted at element differential pressure

mg grams retained capacity
n — number of countsiin specific time period

Ny particles per millilitre number of downstream particles larger than size x at count j

Ide , particles per millilitre average downstream count of particles larger than size x at time
X, intervalt

i particles per millilitre number of upstream particles larger than size x at countj

= particles per millilitre ayerage upstream count of particles larger than size x at time int¢rval

ux,t t
p pascals or kilopascals-(bar)P | pressure
Ap pascals or kilopaseals(bar)P | differential pressure

Apg pascals or kilopascals (bar)P |final differential pressure

q litres perminute test flow rate
44 litres\per minute discarded downstream sample flow rate
4 litres per minute average injection flow rate
q; litres per minute desired injection flow rate
q. litres per minute discarded upstream sample flow rate

t minute test time

te minute final test time
tor minute predicted test time

t, minute test time at element differential pressure
Vi litres final measured injection system volume
Vi litres initial measured injection system volume

a

b

accordance with the method in this document using automatic particle counters calibrated in accordance with 1SO 11171.

The subscript (c) signifies that the filtration ratio, ), and the average filtration ratio, EX(C) are determined in

1 bar=0,1 MPa =105 Pa; 1 MPa = 1 N/mm?.

© IS0 2022 - All rights reserved
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Table 1 (continued)
Symbol Unit Description or explanation
Vinin litres minimum required operating injection system volume
Vi litres final measured filter test system volume
v, litres minimum validated injection system volume
Xint micrometres interpolated particle size
X1, Xy micrometres particle sizes
By ? — filtration ratio at particle size x (ISO 11171 calibration)
p T £ilbpotios potio ot pﬂw‘-; laciza s o d £ a oo 1 £
= Hrattonratoatparticlesizecand-tHmeintervalt
BX ) a — average filtration ratio at particle size x (ISO 11171 calibifation)
2 The subscript (c) signifies that the filtration ratio, B, and the average filtration ratio, ﬁ_x[c] are determined in

accoildance with the method in this document using automatic particle counters calibrated in aceordance with ISO 11171.

b

bar = 0,1 MPa = 105 Pa; 1 MPa = 1 N/mmZ.

5 General procedures

5.1
5.2
5.3
5.4
5.5
6
6.1
6.2

6.3
at 11

For g

Set up and maintain apparatus in accordance with Clauses6é-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 and12 in accordance with the requirements of Clau

[est equipment
Suitable timer.
Automatic particle counter(s) (APCs), calibrated in accordance with ISO 11171.

ISO mediuim test dust (ISO MTD, ISO 12103-1 — A3), in accordance with ISO 12
0 °C to 150 °C for not less than 1 h for quantities less than 200 g.

uaritities greater than 200 g, dry for at least 30 min per additional 100 g. For use in the

103-1, dried

test system,

mix

[hetest dust into the test fluid, mechanically agitate, then disperse ultrasonically w

ith a power

density of 3000 W/m? to 10 000 W/m?2.

Ensure that the ISO MTD used conforms to all the requirements of ISO 12103-1 — A3, especially the
volume particle size distribution shown in ISO 12103-1:2016, Table 2.

NOTE

national members of ISO.

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

6.4 On-line counting system, and dilution system if necessary, validated in accordance with
[SO 11943.

6.5 Sample bottles, containing less than 20 particles larger than 6 pm(c) per millilitre of bottle
volume, qualified in accordance with ISO 3722, to collect samples for gravimetric analyses.

© IS0 2022 - All rights reserved
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6.6 Petroleum-based test fluid, in accordance with Annex A.

NOTE 1

based upon current practices, other accepted filter standards and its worldwide availability.

NOTE 2

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

The use of this carefully controlled hydraulic fluid assures greater reproducibility of results and is

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

6.7.1 Filter test system, consisting of the following:

a) a reser]
accomn
capable

b) aclean-

c) aconfig

d) a config
duratio

e) pressur]

f) fluid sa

NOTE Fd

6.7.2 Con

a) a reser
accomn
capable

b) a config

c) a config
duratio

d) afluid 4

NOTE Fd

6.8 Meml

gravimetric

voir, a pump, fluid-conditioning apparatus and instrumentation that are capab
jodating the range of flow rates, pressures and volumes required by the procedurg
of meeting the validation requirements of Clause 8;

uration that is insensitive to the intended operative contaminant leviel;

furation that does not alter the test contaminant distributiork over the anticipated
;

e taps in accordance with ISO 3968;
mpling sections upstream and downstream of the testfilter in accordance with ISO 40

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

faminant injection system, consisting of thie following:

voir, a pump, fluid-conditioning apparatus and instrumentation that are capab
jodating the range of flow rates, pressures and volumes required by the procedurg
of meeting the validation requirements of Clause 8;

uration that is insensitive te.the intended operative contaminant level;

furation that does notfalter the test contaminant distribution over the anticipated
;

ampling section‘maccordance with 1ISO 4021.

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

)rane._filters and associated laboratory equipment, suitable for conducting
method in accordance with ISO 4405.

le of
and

Lp filter capable of providing an initial system contamination level as specified in Table 3

test

1.

le of
and

test

the

7 Measuring instrument accuracy and test condition variations

7.1 Use and maintain measuring instrument accuracy and test condition variations within the limits
given in Table 2.

© IS0 2022 - All rights reserved
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Table 2 — Measuring instrument accuracy and test condition variation

Test parameter SI unit Instrument reading | Allowed test _condition

accuracy variation

Conductivity pS/m +10 % 1500+ 500

Differential pressure Pa or kPa (bar) d 5% —

Base upstream gravimetric level mg/L — +10 %

Injection flow rate mL/min 2% 5%

Test flow rate L/min 2% 5%

Automatic particle counter A

(APQ) sensor flow rate A =ho 70 e

Kinematic viscosity mm?Z/s P 2% +Vmm?2/s

Mas{ g +0,1 mg -+

Temperature °C +1°C *2pCc

Timg s *1ls —+

Injedtion system volume L 2% T

Filtef test system volume L 2% +5%

2 Yensor flow rate variation is included in the overall 10 % allowed between sénsors.

b 1 mm2/s =1 cSt (centistoke).

¢ (rasrequired to guarantee the viscosity tolerance.

d  1bar=0,1 MPa=105Pa; 1 MPa =1 N/mm?2.

7.2
being used.

Maintain specific test parameters within the limits in Table 3 depending on the te

Table 3 ==Test condition values

st condition

Parameter

Condition 1 Condition 2

Condition 3

Initial contamination level for filtertest system

Less than 1 % of the minimum level specified in
IS0 11943:2021, Table C.2, measured at the smal
size being counted.

est particle

Initial contamination level for injection system

Less than 1 % of the injection gravimetric level.

Base|upstream gravimetfiejlevel, mg/L 2

30,3 | 10£1,0 | 1

5+1,5

Recgmmended paftiele sizes for counting b

Minimum of five sizes, including 30 um(c), select¢d to

cover the presumed filter performance range from =2 to

B =1000. Typical sizes are 4 pm(c), 5 um(c), 6 unp(c), 7 pm(c),
8 um(c), 10 pm(c), 12 um(c), 14 um(c), 20 pm(c) and 25 pm(c).

Sampling and counting method

On-line automatic particle counting.

a  When'comparing test results between two filters, the base upstream gravimetric levels are expected to 1

e the same.

by

hemn a fine filter element 15 being tested, It MIGHT NOT DE POSSiDIE TO COUNT TN0SE particie SiZes for W
ratios are low (for example, f = 2 or f = 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, =200 or f =1 000), because this
canrequire measurements that are beyond the limits of the APC or the test conditions specified in this document.

ich filtration

8 Filter performance test circuit validation procedures

8.1 Filter test system validation

8.1.1 Validate the filter test system at the minimum flow rate at which it is operated. Install a conduit

in place of filter housing during validation.

© IS0 2022 - All rights reserved
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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 the system be validated with a fluid volume numerically equal to 50 % of the
minimum test volume flow rate for flow rates less than or equal to 60 L/min, or 25 % of the minimum
test volume flow rate for flow rates greater than 60 L/min.

NOTE This is the ratio 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 condition (1,
2 or 3) seledted as shown 1n Table 3 using the ISU 12T03-T — A3 test dust.

8.1.4 Verify that the flow rate through each particle-counting sensor is equal to the valuefised fqr the
particle-counter calibration within the limits of Table 2.

8.1.5 Circplate the fluid in the test system for 60 min, conducting continuous.on-line automnatic
particle counts from the upstream sampling section for a period of 60 min. The{sample flow from this
section shal] not be interrupted for the duration of the validation.

8.1.6 Record the cumulative on-line particle counts at equal time intefvals 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 pm(c) particle size.

8.1.7 Accgpt 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 péer millilitre is within the range of acceptable cqunts
in accondance with ISO 11943:2021, Table:C.2:

8.1.8 Valigate the on-line particle counting system, and dilution systems if used, in accordance|with
ISO 11943.

8.2 Validation of contaminant injection system

8.2.1 Valigate 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 completp usable ¥olume.

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

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

8.2.3 Add dust to the contaminant injection system and circulate for a minimum of 15 min.

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

8 © IS0 2022 - All rights reserved
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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 Measure the volume of fluid remaining in the injection system at the end of the validation test.
This is the minimum validation volume, V..

8.2.9 Accept the validation only if:

a) the gravimetric level of each sample obtained in 8.2.6 is within +10 % of the gravilmetric level
determined in 8.2.1 and the variation between the samples does not exceed +5 %‘of th¢ mean,

b) the injection flow rate at each sample point is within £5 % of the selected validation flpw rate (see
8.2.1) and the variation between sample flow rates does not exceed +5 %ofthe averagg, and

c) the volume of fluid remaining in the injection system, V, (see 8.2.8)) plus the quantjty (average
injection flow rate [8.2.9 b)] times the total injection time) is withit+#£10 % of the initialjvolume (see
2.2).

9 Summary of information required prior to testing

Prior to applying the requirements of this document to aparticular hydraulic filter elemept, establish
the fpllowing:

a) fabrication integrity test pressure (see [SO 2942),
b) filter element test flow rate,

c) ferminal element differential pressure;

d) Iresumed particle size values forspecific filtration ratios, and

resumed value, m,, of thefilter element retained capacity (mass injected).

10 Preliminary preparation
10.1 Test filter,assembly
10.1{1 Ensure-that test fluid cannot bypass the filter element under evaluation.

10.1{2CSubject 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.

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.

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.

©1S0 2022 - All rights reserved 9
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10.2 Contaminant injection system

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

time, top calculated in accordance with Formula (1), is preferably in the range of 1 h to 3 h:
1000xm,
tpr = - 5
Cb X q

M

A second filter 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.

NOTE Piedicted test times shorter than 1 h or longer than 3 h are acceptable as long as the selected test
condition 1, 4 or 3 is maintained.

10.2.2 Calculate the minimum required operating injection system volume, V,

niny that'is ‘compatible
with the prgdicted test time, t, , and a desired value for the injection flow rate, using Formula (2):

pr
Vinin = (1, 2Xxtxq{)+V, (2)

min

The volume|calculated in Formula (2) assures a sufficient quantity of contamjnated fluid to load the¢ test
filter element plus 20 % for adequate circulation throughout the test. Larger injection system voliimes
may be used.

Avalue for the injection flow rate, qi', 0f 0,25 L/min is commonlyused and ensures that the downstream

sample flow] expelled from the filter test system does not significantly influence the test results. Lower
or higher ipjection flow rates may be used provided that:the base upstream gravimetric leyel is
maintained)The injection flow rate should equal or exceedthe value used in 8.2.5.

10.2.3 Calcpulate the desired gravimetric level, ¢{ »6fthe injection system using Formula (3):

, pXq
o =21 (3)
q;

10.2.4 Adjyst the total initial volume,V;;, of the contaminant injection system (measured at thg test
temperatur¢) to the value calcylated in 10.2.2 and record this value on the report sheet given in

Figure 2.

10.2.5 Calculate the quantity of contaminant, m, needed for the contaminant injection system fising

Formula (4)

L 4)

10.2.6 Prior to adding the ISO 12103-1 — 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 ISO 12103-1
—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.

10 © IS0 2022 - All rights reserved
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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

alr.

10.3.2 Itis recommended that the rest conductivity of the test fluid should be checked and maintained
in the range of 1 500 pS/m * 500 pS/m (see ASTM D-4308). This can be accomplished by the addition of
an anti-static agent. The addition of an anti-static agent can affect the test results. Use of an anti-static
agent that has a date code older than 18 months is not recommended

10.3
the fluid viscosity is maintained at 15 mm?/s; record the temperature and determing th§
pres

10.3
such
rate

If thd
test gystem fluid volume be numerically equal to 50 % of the test yolume flow rate. If the des
voluine flow rate is greater than 60 L/min, it is recommended that'the filter test system flui
numerically equal to 25 % of the test volume flow rate.

NOTH Repeatable results require that the system volume be maintained constant. The speci
ratio$ between the test system fluid volume and the test vol@ine flow rate from 1:4 to 1:2 minimize
size df the system reservoir, as well as the quantity of test'fluid required, while maximizing the mixi
in the reservoir.

10.3{5 Establish a fluid background contamination level less than that specified in Table 3

10.3}6 Effectuate on-line automatic particle counting in accordance with the following prg

a) Adjust the upstream and downstream sampling flow rates to an initial upstream valusg
yith the sampling procedure used and adjust the downstream flow rate to within
injection flow rate, maifitaining uninterrupted flow from both sampling points durin
fest.

b) Adjust the upstfeam and downstream dilution flow rates, if required for autom
¢ounting, so that/at the end of testing, the flow rates and concentrations at the particle
¢ompatiblewith the instrument requirements.

The upstréam and downstream sensor flow rates should be set and maintained at th
yithin'the limits specified in 8.1.4 and Table 2.
c) Returntheundiuted-andunfilteredsamphngflowupstreamofthetestfilterdireet

3 Circulate the fluid in the filter test system at the rated flow and at a test temperatu

sure of the empty filter housing in accordance with ISO 3968.

4 Adjust the total fluid volume of the filter test system (exclusive of theclean-up f
that its value in litres is numerically between of 25 % to 50 % of the deSignated test
Lhrough the filter, expressed in litres per minute, with a minimum value of 5 L.

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

re such that
differential

Iter circuit)
volume flow

hat the filter
ignated test
d volume be

fied range of
5 the physical
hg conditions

cedure.

compatible
5 % of the
g the entire

ntic particle
rounters are

b values and

reservoir.

to the test

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

filtered fluid 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 discarded

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.

© IS0 2022 - 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 mm?2/s + 1,0 mmZ2/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 Calcullate the final assembly differential pressure by adding the terminal element differgntial
pressure to the housing differential pressure.

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

11.5 Bypags the system clean-up filter if the upstream contamination level is-less than that spegified
in Table 3.

11.6 Obtain a sample from the contaminant injection system. Label-i “Initial injection gravinletric
sample”.

11.7 Measyre and verify the injection flow rate. The injection flow rate shall be continuously meadqured
to ensure that the flow rate is maintained within the specified-tolerances.

11.8 Initiafle the filter test by:
a) allowing the injection flow to enter the filter té€st system reservoir,
b) starting the timer, and

c) divertirlg the downstream sample flow from the test system to maintain a constant system volume
within g tolerance of +5 % [see 10:326 a)].

11.9 Condyct and record the on-line particle counts on the upstream and downstream fluid at ¢qual
time intervpls not exceeding.l’min until the differential pressure across the filter assembly has
increased tq the terminal yalué calculated in 11.3.

The upstregm and downstream sensor flow rates should be equal to the values chosen in 10.3]|6 b),
within the limits spegified in Table 2.

Flow rates through sensors should be monitored and recorded throughout the test and maintgined
within the limibs specified in Table 2.

Care should be taken to use on-line dilution as required to avoid exceeding the coincidence limit of the
automatic particle 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.

[t is recommended that a minimum counting volume of 10 mL be used to obtain statistically significant
particle counts.
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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.

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

a) Ttecording the final test time,
b) diverting the injection flow from the filter test system, and

c) ¢topping the flow to the test filter.
11.1B Measure and record the final volume in the filter test system as V..
11.1% Measure and record the final injection system volume as V.

11.1p Obtain the fluid sample for determining the final injection'gravimetric level from the contaminant
injection system.

11.1p Check that there is no visual evidence that filter’element damage has occurred as| a result of
perf@rming this test.

NOTH Although the installation and test procedures are checked for qualification prior to|testing, it is
advisable to check when interpreting the resultsthat the test has been performed satisfactorily.

12 Calculations

12.1| Establish 10 reporting times, ¢, equal to 10 %, 20 %, 30 % ... 100 % of the final test time [see
11.12 a)] and record these times’on the report sheet shown in Figure 2.

12.2| Calculate the assembly differential pressure corresponding to each reporting time by conducting
a lingar 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 differentigl pressures
corrg¢spondihg to each of the reporting times by subtracting the housing differential prgssure from
each|respective assembly differential pressure.

12.4 For each particle count obtained during the test (see 11.9), calculate the cumulative particle
count per millilitre at each particle size by dividing the raw counts obtained in the counted volume and
adjusting for any dilution, if used.

12.5 Calculate the average upstream and downstream particle counts at each particle size, x, for each
of the 10 reporting times, t, by using Formulae (5) and (6) and the specific instructions in a) to d):

n
2 i
— ]:1 u,x,J
Nu,x,tzf (5)
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Nd,x,t =
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n

J

Y

:1Nd'x 'j

n

(6)

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

follows:

a)

NOTE 1
system s

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

These data deletions are to eliminate potentially erroneous particle counts obtained prior to

tabilization.

b) For the
downst
reporti

counts

NOTE 2
case, the

For the
in12.4
second

d) For the
only thg

precisid

12.6 Using
times by di
at each size
precision (e

=1 =i

ﬂx,t =

The particlg
these averag

12.7 Using
particle cou
10 reporting

first reporting time (10 %), using Formulae (5) and (6), average the upstream
Feam counts calculated in 12.4 for all the particle counts that were started befofe,the
g time [with the exception of the first three deleted in a) above]. Record these av{
n the report sheet given in Figure 2.

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

second reporting time (20 %), average the upstream and downstream counts calcu
for all the particle counts that were started after the first reporting time and befor
Feporting time. Record these average counts on the reportsheet given in Figure 2.

b counts that were started in each reporting intervalRound the results to three dig
n (e.g. 1,75; 20,1; 400), and record on the report sheet given in Figure 2.

Formula (7), calculate the filtration ratios, ,BX,t, corresponding to each of the 10 repo
viding the average upstream particle count by the average downstream particle ¢
x, corresponding to that respective réporting time. Round the results to three dig
g.1,75; 20,1; 400), and record on the\teport sheet given in Figure 2.

u,x,t

d,x,t

counts shall be averaged.and average filtration ratios, the  values, shall be calculated
re counts. Under no.cir¢cumstances shall the  values be averaged.

Formulae (8} and (9), calculate the overall test average upstream and downst
hts by numerically averaging the 10 average counts from 12.5 corresponding to each
b times. Record the results on the report sheet given in Figure 2.

and
first
brage

h this

lated
e the

third through tenth reporting times (30 % to 100 %), xepeat c) in a similar manner yising

ts of

rting

ount
ts of

(7)

from

Feam
f the

(8)

10
Ad,x = ZNd,x,t
k=1

(9)

where k represents the number of the reporting interval (1, 2, 3 ... 10) corresponding to the time
intervals (10 %, 20 %, 30 % ... 100 %) of t;.

14
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12.8 Using Formula (10), calculate the overall average filtration ratios, ﬁ_x(c), by dividing the overall
test average upstream by the downstream cumulative particle counts at each size, x um(c). Record the

results, to three significant figures, on the report sheet given in Figure 2:

— A
Brie) === (10)
(c) Ay
NOTE The (c) in the subscript signifies that the filtration ratio EX(C) is determined in accordance with this

document, using automatic particle counters calibrated in accordance with ISO 11171.

The |
from|

129
the ¢
toth
level

grav
If ¢;

Ifthd
proc

pbarticle counts shall be averaged and the average filtration ratios, the 5 values, shall b
these average counts. Under no circumstances shall the 8 values be averaged.

Conduct a gravimetric analysis in accordance with ISO 4405 on the two samiples ext
ontaminant injections system (see 11.6 and 11.15). Report the gravimetrig,eontaming
e nearest 0,1 mg/L on the report sheet given in Figure 2. Calculate the average injection
c;, of the gravimetric levels of the two injection system samples and accept the tes

metric level of each injection system sample is within +5 % of ;.

differs from the selected value ¢;” (from 10.2.3) by more than,5%, repeat the gravimet
recheck differs more than 5 %, itis recommended that thelcontaminant injection syste
pdure in 8.2 be repeated.

12.10 Conduct a gravimetric analysis in accordance, with ISO 4405 on the 80 % upstr

(fron
grav

NOTH

12.1
injec

n 11.11) and record the result of this analysis“as the final system gravimetric level

The final sample is taken at the 80 % point because it often overlaps the end of the test.

| Using Formula (11), calculate and-record on the report sheet given in Figure 2
tion flow rate, g;, by subtractingthe final injection system volume from the initial injed

voluine and dividing the result by'the final test time:

e calculated

racted from
ition results
gravimetric
L only if the

ric analyses.
m validation

Pam sample
Report the

metric contamination results to the nearest.0,1 mg/L on the report sheet given in Figiyre 2.

the average
tion system

V.. =V
E-i — 1 if (11)
te
Accept the test only-ifthis value is within £5 % of the value selected in 10.2.2.
12.1P Using Eermula (12), calculate and record on the report sheet given in Figure 2 the ayerage base
upstfeam gravimetric level, ¢ :
C; X,
o (12)
q

Accept the test only if this value is equal to the base upstream gravimetric level chosen from Table 3.

13 Data presentation

13.1 Report the following minimum information for filter elements evaluated in accordance with this
document. 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 sheet be used as shown.
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13.2 Calculate the mass of ISO 12103-1 — A3 test dust injected, m;, using the actual test time, t;, to
reach the terminal element differential pressure, the average gravimetric level of the injection system,
¢;, and the average injection flow rate, g;, as given in Formula (13):

ZQX@xq

13
1000 (13)

m;

Calculate and report on the test sheet given in Figure 2 the ISO 12103 — A3 test dust retained capacity,

mp, using Formula (14) and round the result to the nearest two significant figures:

cgoXVie  qaXtex(cgo—Cp) quXteX[(cgy+cp)/2]

mR :mi

NOTE

a)
b)

In|

mass of

downstr
level doy

an estim|
discardd
contami
without

<)

13.3 Recor
Figure 2.

13.4 Calcul
Figure C.2)

an estinpate of the amount of contaminant permanently extracted from the systém-through the

1000 1000 1000

Formula (14), the following are subtracted from the mass of ISO 12103-1 — A3 test duSt'inject

fontaminant remaining in the test system at the end of the test;

eam sampling point; the term (cgy —¢}, ) is a conservative estimate of the graviimetric contamin
vnstream of the test filter;

ate of the amount of contaminant extracted from the upstream sample flow, g, that is permarj

hation level. If the upstream sample flow is recycled and nét discarded, Formula (14) is ap
the final term.

d the values of the gravimetric levels obtained in#2:9 and 12.10 on the report sheet giv

ate, record on the report sheet givenin Figure 2, and plot on linear coordinates
element differential pressure versus the’ISO 12103 — A3 test dust contaminant addg

(14)

ed:

filter
ation

ently

d from the test system; the term [(cgg +¢;, ) /2] is an estimate ofthe average upstream gravinmetric

plied

en in

(see
ed by

using Formi

1la (15):

X q; Xt
[ 17 P (15)
1000

where m,, is

p the mass of the contaminiant added at differential pressure, Ap and time, ty:

13.5 Plot oh semi-log (log linear) coordinates average f versus particle size x, with the § values oh the

log scale anI B =100 000-as.the highest value plotted (see the example in Figure C.3).

When a val
should be pl

e of B4 .equal to infinity is recorded (i.e. for zero downstream particle count), the yalue

otted a5, = 100 000.

13.6 Using|Eormula (16), calculate, and record on the report sheet given in Figure 2, the particlg size

values corresponding 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 § versus particle size x, plot. Do not
(X1 =% )Xlog{

extrapolate:

ﬁxZ
For many filters, particle size values for each of the above [ values cannot be obtained by interpolation.
In these cases, the unobtainable values should be noted as either less than the minimum particle size

ﬁx(c)

x1 (16)

xX= +X1
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counted 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

For calculation of the interpolated particle size, x pm(c), for a specified filtration ratio, B, where the

value falls between two of the points from the plotin 13.5 (corresponding to filtration ratios f,,, B,,, and particle

sizes

X4, Xy, respectively), use Formula (16).

NOTE 2  For ff values greater than 100 000, use the value of 100 000 in Formula (16).

NOTE 3  For an example of the calculations in this text please refer to Annex C.

13.7
test {

13.8
pres

13.9

14 ]

It is
folloy

“Met]
fluid

Plot on semi- lno ﬂno lmpnﬂ coordinates average R values for each n;\rh{‘lp size versus percent

ime, with the g values on the log scale (see the example in Figure C.4).

Plot on log-log coordinates average f values for each particle size versus-element
sure, with the f values on the ordinate (see the example in Figure C.5).

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

dentification statement

strongly recommended to manufacturers who have chosén/to conform to this docum
ving statement be used in test reports, catalogues and;sales literature:

hod for determining filtration performance data in ‘accordance with ISO 16889:202
power — Filters — Multi-pass method for evaludting filtration performance of a filter

differential

ent that the

P, Hydraulic
element.”
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Test laboratory: Test date: Operator:
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 (mm2/s):

Temperature (°C):

Anti-stdtic: Yes No__ Type:
Test coptaminant

Type: 140 12103-1 - A3 test dust Batch No.:
Test syptem

Flow rage, q (L/min):

Base upstream gravimetric level, c» (mg/L):

Injectign system

Conductivity (pS/m):

Initial volume (L):

Final volume (L):

Injeqtion parameters Initial Final

Average injéetion parameters

System volume (L)

Injection flow g; (L/ain)

Gravimetric level (mg/L)

Gravimetric levél¢; (mg/L)

Countipg system

Locatiop Counter and sensor ref.

Floew rate (mL/min) Dilution ratio

Upstream

Downstream

Counteq calibration: Method:

Date:

Test repults

Elemernt integrity
Bubble point to ISO 2942 (Pa):
Differeptial pressure

Filter hpusing (kPa):

Clean element (kPa):

Differeptial presstixe versus contaminant added

Test fluid:

Clean assembly (kPa):

Final element (kPa):

Tinme Test Element Injected Time Test Element Injected
interval time Ap mass interval time Ap mass
% min kPa g % min kPa g
10 60
20 70
30 80
40 90
50 100
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Retention capacity
ISO MTD mass injected, mi (g): ISO MTD retained capacity, mr (g):
80% upstream gravimetric level, cso (mg/L):
Filtration ratio B
Average filtration ratio 2 10 75 100 200 1000
Particle size, pm(c)
Test results (continued)
Particle counts per millilitre and filtration ratio
Time interval d> p d> p d> d> B d> B dG B
um(c) um(c) um(c) um(c) um(c) wn1(c)
Initial up n‘q
10% Up
Down
20% Up
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, Down

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 pojint (max.): -60°C
b) flash pqgint with closed cup (min.): 82 °C
c) acid or base number (max.): 0,10 mg KOH/g

A.2 Additive materials

a) viscositly/temperature coefficient improvers: nottolexceed 20 % (by mass)

b) oxidatidn inhibitors: not to exceed 2 % (by mass)

c) anti-wear agent, such as tricresyl phosphate (TCP): < 3 % by mass

NOTE Whhen TCP is used, it is necessary to limit the ortho-isomer content to a maximum of 1 % by mass.

A.3 Properties of finished oil

a) viscosity:
1) at40°C (min): 13,2 mm?/s
2) at 1§00 °C (min.): 4,9 mm?/s
3) at-50 °C (max.): 2 500,mmni?/s
4) at 440 °C (max.): 6000nm?2/s

b) pour pojint (max.):
c) flash pdint with closed cup (min.):

d) acid nupnber (max.):

-60°C

82°C

0,20 mg KOH/g

e) rubber swell, standard synthetic rubber:

f) evaporation loss (max.):

g) copper strip corrosion (ASTM standard, max.):

h) water content (max.):

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

j) chlorine (max.):

20

19 % to 30 %
20 %

No 2¢

100 pg/g

1 mm

50 ug/g
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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).

A5

Qualified fluids

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

a) MIL-PRF-5606;

b) DCSEA 415;

c) NATO Codes H-515 and H-520;

d) UKDEF STAN 91-48.

A.6

It is
150

Rest conductivity

D pS/m + 500 pS/m (see ASTM D-4308 or ISO equivalent). This can be accomplished by

of ananti-static agent.

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

the addition

The @ise of an anti-static agent that has a date code older than 18 months is not recommendgd
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Annex B
(informative)

Test system design guide

B.1 Introduction

B.1.1 The
acceptabilit

B.1.2 This
validation r

B.1.3 The
guarantees

B.2 Basig

B.2.1 Gen

B.2.1.1 Th
the filter teg

B.2.1.2 Al
B.2.1.3 C
contamina
B.2.1.4 Th
action.
B.2.1.5 LiJ

vertical run

multi-pass test procedure requires a pre-test validation procedure to deterining
 of the equipment to perform the desired test.

annex is intended to provide basic guidance in constructing equipment-that meet
equirements of this document.

reader is cautioned that this annex provides only guidelines for conStruction and in nd
cuccessful validation of equipment.

 test system

eral guidelines

e circuit diagram of the basic equipment is shown in Figure B.1. It consists of two syst
t system and the contaminant injection system.

lines should be sized for turbulent mixing flow and long, straight runs should be avoi

nectors (fittings) should not- have internally exposed threads or lips that can

e use of ball valves_ is preferred, as they do not trap contaminants and have a self-cleg

ies and connectors should be arranged to eliminate dead flow zones and, where pos
5 are preferable to horizontal runs.

b the

5 the

way

ems:

led.

trap

ning

sible,

22

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=6540f9629ed08161a61914ce979f8623

ISO 16889:2022(E)

O
LN <
O~
I~ Aam Aam —
I A
D>< = I <
= % 0]
A
Q-
i
® &S
M
i
oIS
0 <
-
e —D><{1—
i
\ e
= D<=
— )
H S\ —
@ R
(o)
~(1) \
O
Aam
< X o
— —
N—»
LN
i
LN
e < =X Do
® &> _
N
A\
i
Key
A contaminant injection system 6  clean-up filter 13 diffuser
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1 reservoir 8 temperature controller 15 non-return (check) valve

2  pump 9  temperature sensor 16 optional return to reservoir
3  testfilter 10 sampling valve 17 back pressure valve

4  particle counting system (APC) 11 differential pressure indicator 18 optional bypass section

5 flow control valve 12 pressure gauge

Figure B.1 — System circuit diagram

B.2.2 Filter test system

B.2.2.1 Rdservoir

B.2.2.1.1 A reservoir, constructed with a conical bottom with an included angle of netimore thap 90°
and with th¢ 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 depired
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 ufseful
for containing a desired fluid velume in a system where reservoir diameter is critical.

90°
60°

Figure B.3 — Cone and cylinder

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

B.2.2.2.3 The system pump should not cause alteration of the test contaminant distributign as a result
of itd pumping mechanism.

NOTH Gear pumps and some types of piston pumps have demonstrated capabilityin-these resgects. The use
of centrifugal and progressive cavity pumps has resulted in difficulties in conforming'with validatipn.

B.2.2.2.4 The pump drive should be of the variable speed type to prévide the capability|of adjusting
the test flow rate.

B.2.2.2.5 The pump drive should be relatively insensitive fo changes in load, so as tg maintain a
consfant speed.

NOTH Variable-frequency a.c. drives and d.c. drives exhjbitthese desired characteristics.
B.2.2.3 Clean-up filter

B.2.2.3.1 The system clean-up filter shouldybe capable of providing an initial system coptamination
levellas shown in Table 3.

B.2.2.3.2 To promote rapid clean-up; the filter should typically be finer than the filter being tested
and ghould 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 ofniultiple or large filters to achieve a low flow rate per unit area of filter media is
desirjable.

B.2.2.4 Temperature controller

Depgnding upon system power capabilities, cooling or heating of the system fluid can be reguired.

If cooling of the system fluid 1s necessary, a conventional shell-and-tube heat exchanger may be used.
It is recommended that the heat exchanger be mounted vertically, with the oil being cooled entering
the tube side from the bottom. This reduces the possibility of particles settling or being captured in
the heat exchanger. Both side- and multi-pass heat exchangers 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 taken to size the heat exchanger accordingly. Other
cooling methods, such as coils wrapped around the external surface of reservoirs and tubes or double-
wall conduits, have also proved satisfactory.

If heating of the system fluid is necessary, it may be accomplished by the use of heating tapes on external
surfaces or by using a second heat exchanger with the high-temperature fluid on the shell side.
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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.

B.2.2.5.2 Back pressure valve

This optionpl valve, located downstream from the test filter, allows testing of the filter)undel the
pressure thpt is generally required for on-line, automatic particle counting. Ball, diaphragm, wgir or
pinch valveg 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 pojrt, in
order to eliminate the possibility of influencing the downstream particle.count. Therefore, the flow rate
measured ig actually slightly lower than the test-filter flow rate. An adjustment should be made ip the
flow to accdunt for this variation, so the true flow rate reported is the"sum of the measured flow rate
and the downstream sample flow rate. Locating the flow meter downstream of the test filter proyides
the maximum protection for the flow meter from an abrasive contaminant. Turbine flow meters fising
sealed bearings have proven suitable for use in this applicatio:

B.2.3 Contaminant injection system

B.2.3.1 Rdservoir

The construction and design recommendatignsand precautions given in B.2.2.1 for the reservoir ip the
filter-test syjstem apply.

NOTE Due to the large volume and ligh contaminant concentrations encountered, some auxiliary agifation
system for thle contamination injection(reservoir is desirable. These can be stirrers, auxiliary circulation logps or
similar high-gnergy input devices.

B.2.3.2 Pump

B.2.3.2.1 The high~contaminant concentration in the contaminant injection system makeg the
choice of th¢ pump-limited to those with a complete insensitivity to abrasive slurries. Centrifugal and
progressive|cavity pumps have been shown to be acceptable for use in this application.

B.2.3.2.2 [facentrifugal pump is used, mounting the pump vertically with the inlet down or mounting
the pump horizontally with the discharge at the bottom have proved successful.

B.2.3.3 Clean-up filter

The recommendations given in B.2.2.3 for the clean-up filter in the filter test system apply, except that
the contaminant retention capacity is of prime importance.

B.2.3.4 Temperature controller

The recommendations given in B.2.2.4 for heat exchangers and/or heaters in the filter test system apply.
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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

C.1 Introduction

This annex ¢gontains examples of test data, calculations and graphs resulting from a typical multitpass
test.

C.2 Preliminary information

The informdtion required prior to conducting the test is, in accordance with Cladse 9, as follows:

a) fabricatiion integrity pressure: 1500 Pa;

b) testflowy rate, q: 100 L/min;

c) termindl element differential pressure: 400 kPa;

d) presumgd filtration ratios: Bs(ey =& Bis = 75;
e) estimatpd capacity, m,: 40g.

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

— desired|base upstream gravimetric level, ¢y 10 mg/L;
— desired|injection flow rate, qi': 0,25 L/min;
— particle|sizes to be counted: 5 pm, 10 pum, 15 pm, 20 pm and 30 um(c).

Calculate ¢} using Formula (1) {see 10.2.1):

o = 1000x40g ~ 40 min
mg :
10T><100L/m1n

Calculate V|, usingFormula (2) (see 10.2.2):

%4

min :(

[ 2%x40minx0,25L/min)+8L=20L

Calculate ¢;’ using Formula (3) (see 10.2.3):

10%x100L/min

’

¢ = ;
0,25L /min

=4000mg /L

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

400028 %201
m= L =80g
1000
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Multi-pass test results

C.2.1 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 Formula (11) (see 12.11) and ¢}, using Formula (12)

(see 12.12):
_ 20L-11,4L ,
qizo—.=0,252L/m1n
34,2 min
3980 “5 x0,252 “]‘f‘
¢, = =10mg /L
b 100 L /min g/

Calcylate m; using Formula (13) (see 13.2):

C.2.2
ther
discd

C.2.3

C.24
(see

(8), (

Figu

3980%x0,252 L 34, 2min

min
n. = =34,3 g(rounded to 34
i 1000 g ( g)

In order to calculate the retained capacity, my, and in@addition to the parameters
eport sheet, the discarded downstream sample flow ratéyq, (in this example, 0,20 L/n
rded upstream sample flow rate, g, (in this example, 6,05 L/min), are required.

Calculate my using Formula (14) (see 13.2):

22318 2451, 0,2—2 %342 minx(22,3%—10%)

L min
e =34,3g— -
R & 1000 1000

0,052 x34,2 minx[ 2238 1o ME /2}
min L L

1000
=34,3-0,55-0,08-0,03

=33,6 g(roundedto34 g)

Each of the gontaminantinjected values reported in Figure C.1 was calculated using H
13.4). The averdge particle counts and filtration ratios are calculated using Formulae

O) and (10)!

e (2\0S a graph of element differential pressure versus contaminant injected. The firj

reprg

esents the clean element differential pressure at the beginning of the test, and each of th

reported on
hin), and the

ormula (15)
(5), (6), (7),

t data point
eremaining

data
Thes

points (10U minimuin) represents one of the reporting times from 10 % to 100 % of fin
e values are also shown in Figure C.1.

al test time.

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

75
[10um(c) —15um(c)]xlog
Xx= {21’1}+10um(c)=13,7um(c)

o [21,1}
8 116

The particle size for B,y = 2 cannot be calculated because it occurs below the smallest particle size
counted, that is, 5 um(c), and extrapolation is not allowed.
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Test laboratory: ___Example Test Laboratory Test date: 4 Dec 1999 Operator: __ABC

Filter and element 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 Manufacturer XYZ Ref.: Mil-PRF-5606 Batch No.: ___1234
Viscosity at the test temperature (mm?/s): 14,9 Temperature (°C): 37.2
Anti-static: Yes _X No__ Type: _Stadis 450 Conductivity (pS/m): 1250
Test contaminant
Type: 1SO 12103-1 - A3 test dust Batch No.: _4390C
Test system
Flow rate, q (L/min): 100 Initial volume (13): 25,0
Base upstream gravimetric level, ¢, (mg/L): 10,0 Final volanie’(L): 24.5
Injection system
Injection parameters Initial Final Average injection parameters
System volume (L) 20,0 11,4 Injectionflow g; (L/min) 0,252
Gravimetric level (mg/L) 3979,7 39811 |Gravmetriclevel ¢ 3980
tng/L)
Counting system
Location Counter and sensor ref. Flow rate (ml/min) Dilution ratip
Upstream ABC model 123, §/n 21 100 1:1
Downstream ABC model123,s/n 22 100 None
Counter calibration: Method: IS0 11171 Date: _4 December {1999
Test results
Element integrity
Bubble point to ISO 2942 (Pa): 2190 Test fluid: Mil-PRF-5606
Differential pressute
Filter housing{(kPa): 31,0 Clean assembly (kPa): 394
Clean element (kPa): 8.4 Final element (kPa): 400
Differential pressure versus contaminant added
TFime Test Element Injected Time Test Element Injected
interval time Ap mass interval time Ap nfass
% min. kPa g % min. kPa g
10 3,4 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 27,4 59,0 27,4
40 13,7 15,4 13,7 90 30,8 123 30,8
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50 ‘ 17,1 ‘ 16,8 17,1 100 34,2 400 34,3

Retention capacity

ISO MTD mass injected, mi(g): ____ 34 ISO MTD retained capacity, mr (g): ____ 34

80 % upstream gravimetric level, cgo (mg/L): 22,3

Filtration ratio By

Average filtration ratio 2 10 75 100 200 1000
Particle size, pm(c) <5 7,80 13,7 14,6 15,9 18,7

Particl¢-counts permillilitre and filtration ratio
Time ingterval | d>5 B | d>10 B |d>15| pB d>20 B d>30 B d> 1]

um(c) um(c) um(c) m(c) um(c) um(c)
Initigl up 0,50 0,20 0,10 0,00 0,00 )

10% |Up 13900 1750 480 174 29

Down | 2240 | 6,2 33,7 | 51,9 1,1 432 0,0 5490 0,0 %0
20% |Up 14200 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 7 210
40% |Up 15600 1890 520 192 34

Down | 3100 | 5,0 53,5 | 353 2,1 252 0,0 5320 0,0 ©
50% [Up 15500 1870 504 184 31

Down | 3230 | 4,8 56,3 | 33,2 2,2 225 0,0 5010 0,0 o
60 % |Up 15600 1860 504 186 33

Down | 3350 | 47 | 60,9 | 30,5 2,9 177 0,1 2690 0,0 ©
70% |Up 16 000 1890 518 190 33

Down | 3750 | 4,3 74,7 1253 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 | 7 520/) 246 186 10,9 | 10,0 | 52,9 0,1 1280 0,0 o)
100 % |Up 21200 2090 532 192 33

Down_[S8760 | 2,4 224 9,3 12,3 | 43,3 0,3 753 0,0 ©
Avg. |Up 16 300 1880 506 185 32
Avg. Down 4230 3,9 890 | 211 T 116 0,1 27130 0,0 37900

Figure C.1 — Example of a completed filter element multi-pass report sheet
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Figure C.2—=/Example of a differential pressure versus contaminant injected durve
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Figure C.3 is a plot of B, 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 x; = 10 um(c) and x, = 15 um(c) corresponding to f,; = 21,1 and B,; = 116, respectively. The
interpolated value for B, = 75 occurs at a particle size of x;, = 13,7 um(c), that is ;3 7 = 75.

Key
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