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Foreword

[SO (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 ]

nternational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO documen
ISO/IEC Directives, Part 2 (see WWW.is0. org/dlrectlves)

[SO draw
patent(s).
rights in
patent(s)
this may
WWW.iso

les of the

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not ¥eceived ndgtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
ot represent the latest information, which may be obtained from the patént database ayailable at

.pbrg/patents. [SO shall not be held responsible for identifying any or allysuch patent rightq.

Any trad¢ name used in this document is information given for the convenience of users and| does not

constitut¢ an endorsement.

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

Organization (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyment was prepared by Technical Committee ISQLTC 20, Aircraft and space vehicles, Subcommittee

SC 10, Aenfospace fluid systems and components.

This seco
revised.

The main

— Table

— 10.3.2 has been revised;

— Figurje 4 has been converted to Table 4 and Table 5.

Alistof a

nd edition cancels and replaces the first edition (ISO 14085-3:2015), which has been t¢chnically

changes are as follows:

3 has been revised;

| parts in the [S0-14085 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete

listing ofithese bodies can be found at www.iso.org/members.html.
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Introduction

In aerospace hydraulic fluid power systems, power is transmitted and controlled through a liquid under
pressure. The liquid is both a lubricant and power-transmitting medium. The presence of solid contaminant
particles in the liquid interferes with the ability of the hydraulic fluid to lubricate, and causes wear and
malfunction of the components. The extent of contamination in the fluid has a direct bearing on the
performance, reliability, and safety of the system, and should be controlled to levels that are considered
appropriate for the system concerned.

Different principles are used to control the contamination level of the fluid by removing solid contaminant
particles; one of them uses a filter element enclosed in a filter housing. The filter element is the porous device

that perfq
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bf the characteristics of the liquid (viscosity, temperature, conductivity, et¢.}; the p4d
n (size, shape, hardness, etc.), and the flow conditions.

*d multi-pass method for evaluating the performance of hydraulic fluid filter eleme
ite conditions has been developed and used for several years, and isreferred to in sever
systems specifications.

Faft hydraulic systems are subjected to unsteady flow with flow cycles caused by such ¢
r movement. Such flow variations can have a significant impact on filter performance. T}
hce of hydraulic filters is compared in order to select)the most appropriate filter. ]
ility of such comparisons, it is necessary to perform:testing with the same standard
5.

ment describes two test methods and the equipment required to measure hydraulic filte
hce with multi-pass flow in both steady and cyelic conditions.

ence of other stressful operating conditions, such as heat, cold, and vibration, are not
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t filter element prior to efficiency. testing (refer to ISO 14085-1 for descriptions of such
i are applied).

lized contamination level measured while testing with cyclic flow gives an indicati
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Aerospace series — Test methods for hydraulic filter
elements —

Part 3

Filtration efficiency and retention capacity
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2 Normative references
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1SO 2942,
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ISO 3968,
[SO 4021,

ment describes two methods to measure in repeatable conditions the filtration-éfficieng
used in aviation and aerospace hydraulic fluid systems. It can be applied-when evall
aracteristics of a filter element according to ISO 14085-1, or separately.

filtration efficiency of a filter element can change during its servic€ life as it is clogging
pecifies its continuous measurement by using on-line particle countters with continuous
of test coftaminant and recirculation of particles not retained by the testfilter element until the d
hcross the element reaches a given final or “terminal” value.

dne by a specific test protocol developed for the purpose, including actual conditions of u

data resulting from application of this$ document can be used to compare the perfor

ying documents are referred to in the text in such a way that some or all of their content c
bnts of this document. For dated references, only the edition cited applies. For undated r

edition of the referenced document (including any amendments) applies.

Hydraulic fluid-power — Filter elements — Verification of fabrication integrity and detern|
Libble point

Hydraulic fluid power — Filters — Evaluation of differential pressure versus flow

e

ment allows the efficiency to be measured under both steady or cyclic flow conditions
to measuring the stabilized contamination levels that-are produced by the filter elem
th cyclic flow.

ment is not applicable to qualifying a filter element under replicate conditions of servicg

fluid or contamination.
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Hydraulic fluid power — Particulate contamination analysis — Extraction of fluid samples

of an oper

ating system

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

ISO 5598,

Fluid power systems and components — Vocabulary

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

ISO 11218, Aerospace — Cleanliness classification for hydraulic fluids

[SO 11943, Hydraulic fluid power — Online automatic particle-counting systems for liquids — Methods of
calibration and validation
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ISO 12103-1:2024, Road vehicles — Test contaminants for filter evaluation — Part 1: Arizona test dust

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 5598 and the following apply.
[SO and [EC maintain terminology databases for use in standardization at the following addresses:

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

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

3.1
contamillant mass injected
mass of a[specific particulate contaminant injected into the test circuit to obtain the terminal’d|fferential
pressure

3.2
cyclic flow
change of{flow from the specified rated flow rate to 25 % of the rated flow rate atd specified freqyiency and
waveforn

3.3
differentjal pressure
Ap
differenc¢ between the inlet and outlet pressures of the component'under test, as measured under| specified
conditionf

Note 1 to gntry: See Figure 1 and Figure 2 for graphical depictionof differential pressure (3.3) terms.

Y
-2
-1
-4
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 with steady flow

© IS0 2024 - All rights reserved
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Y
-2
-1
3
I Y A O A Y Y A Y A Y A O I -5
Cd Cd Cd Cd Cd A
4 X
Key
X  testtime or mass injected 3 clean element differential pressure at test floy rate (gy)
Y differ¢ntial pressure 4 housing diffefential pressure at test flow rate|(q;)
1 final gssembly (end of test) differential pressure 5 clean asse€mbly differential pressure at test flgw rate (qg)
2 terminal element differential pressure at test flow rate
(1)
Figure 2 — Differential pressure conventions for multi-pass test with cyclic flow
3.31

clean assembly differential pressure

differencg

between the tested component.inlet and outlet pressure as measured with a clean filtg

containing a clean filter element

3.3.2

clean ele
differentic
differentiq

3.3.3

final asse¢
assembly
pressures

3.3.4

ment differential presSure
I pressure (3.3) of the -clean element calculated as the difference between the clean
I pressure (3.3.1) ahd the housing differential pressure (3.3.4)

tmbly differential pressure
differential‘pressure (3.3) at end of test equal to sum of housing plus terminal element d
(3.3.5)

r housing

assembly

ifferential

housing

s+ £E, Fu- |
HITTTINIAI pITosultT

differential pressure (3.3) of the filter housing without an element

3.3.5
terminal

element differential pressure

maximum differential pressure (3.3) across the filter element as designated by the manufacturer or
specification to limit useful performance

© IS0 2024 - All rights reserved
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3.4

filtration ratio

ISO 14085-3:2024(en)

ratio of the number of particles larger than a specified size per unit volume in the influent fluid to the number
of particles larger than the same size per unit volume in the effluent fluid

Note 1 to entry: For steady flow testing, the filtration ratios are designated with the Greek letter beta, f3.

Note 2 to entry: For cyclic flow (3.2) testing, the filtration ratios are designated with the Greek letter sigma, o.

3.5

free-flow dummy element
duplicate test filter element with its media layers removed to replicate the flow pattern in the housing
generated by the test filter element

3.6
rest conductivity
electricalfconductivity at the initial instant of current measurement after a DC voltage is impressed between
electrodep
Note 1 to entry: Itis the reciprocal of the resistance of uncharged fluid in the absence of ionii¢‘depletion or pdlarization.
3.7
retention capacity
mass of specific particulate contaminant effectively retained by the filter element when termingl element
differentiql pressure (3.3.5) is reached
4 Symbols
Symbol Unit Description or explanation
A dx particles per milli- Overalllaverage upstream count greater than size, x
litre
A 4 particles per milli- Qverall average downstream count greater than size, x
X litre
c mg/1 Average base upstream gravimetric level
Ch mg/1 Desired base upstream gravimetric level
c mg/1 Average injection gravimetric level
C; mg/l Desired injection gravimetric level
Cg mg/1 Test reservoir gravimetric level at 80 % assembly Ap
m G Mass of contaminant needed for injection
m G Estimated filter element capacity (mass injected)
m G Contaminant mass injected
m G Contaminant mass injected at element differential pressufe
m G Retained capacity
n None Number of counts in specific time period
Ny particles per milli- Number of upstream particles greater than size, x, at count, j
litre
Nd’x_j particles per milli- Number of downstream particles greater than size, x, at count, j
litre
N wxt particles per milli- Average upstream count greater than size, x, at time interval, ¢
" litre
N dxt particles per milli- Average downstream count greater than size, x, at time interval, ¢
' litre
Ap Pa or kPa (bar) Differential pressure
Apy Pa or kPa (bar) Final assembly differential pressure

© IS0 2024 - All rights reserved
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Symbol Unit Description or explanation
Ap, Pa or kPa (bar) Net assembly differential pressure
Ap; 54, Pa or kPa (bar) Assembly differential pressure after increase of 2,5 % net Ap
Apgp o Pa or kPa (bar) Assembly differential pressure after increase of 80 % net Ap
(Ef 1/min Average filter test flow rate
qq 1/min Discarded downstream sample flow rate
qs 1/min Filter rated flow (maximum flow for cyclic conditions)
q; 1/min Desired injection flow rate
C_Il 1/min Average injection flow rate
q4 1/min Discarded upstream sample flow rate
t min Test time
t' min Predicted test time
tq min Final test time
& min Total injection time
t) min Test time at element differential pressure
t2 5o min Test time at beginning of 2,5 % stabilization period
tsobs min Test time at beginning of 80 % stabilization period
Vi 1 Final measured injection system volume
Vi 1 Initial measured jhjection system volume
Vialn 1 Minimum required.operating injection system volume
A 1 Final measured filter test system volume
4 1 Mininium validated injection system volume
X, XX, pm(c) Particle sizes
B None Eiltration ratio at particle size, x (steady flow)
B None Filtration ratio at particle size, x, and time interval, t (steady flow)
B None Average filtration ratio at particle size x (steady flow)
o None Filtration ratio at particle size, x (cyclic flow)
Ot None Filtration ratio at particle size, x, and time interval, t (cyclic fllow)
o None Average filtration ratio at particle size, x (cyclic flow)

5 Test|procedure oyerview
5.1 Setjup and maintain apparatus in accordance with Clause 6 and Clause 7.

5.2 Validate equipment in accordance with Clause 8.

5.3 Runaltestsinaccordancewith Clauses9 10 and 11

5.4 Analyse and present data from Clause 11 in accordance with Clause 12.

6 Testapparatus
6.1 Suitable timer

6.2 Sample bottles, use applicable sample bottles containing less than 100 particles greater than 6 pm(c)
per millilitre of bottle volume, as qualified in accordance with ISO 3722, to collect samples for gravimetric
analyses.

© IS0 2024 - All rights reserved
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6.3 Membrane filters and associated equipment, suitable for conducting gravimetric contamination
analysis in accordance with ISO 4405.

6.4 Test contaminant, use [SO fine test dust (ISO FTD), grade A2 in accordance with ISO 12103-1, dried at
110 °C to 150 °C for not less than 1 h for quantities less than 200 g.

Ensure that the ISO FTD used conforms to all the requirements of ISO 12103-1 grade A2, especially the
volume particle size distribution shown in ISO 12103-1:2024, Table 2.

NOTE If the total quantity of ISO FTD needed is greater than 200 g, batches not exceeding 200 g can be prepared
to make up the amount required.

For use in
dispersed
provided ft has been demonstrated that ultrasonic energy used does not affect the fluid viscasity.

6.5 Test fluid, petroleum base test fluid which shall have the properties as detailed inAnhnex A.

Another gtandard test fluid shall be used provided there is agreement between parties. Only [filter test
results oljtained with the same fluid shall be compared.

The temperature of the test fluid, during the test, shall be controlled at.a“value to result in a|test fluid
kinematig viscosity of 15 mm?2/s + 1 mm?/s.

NOTE1 |[The use of this hydraulic fluid ensures greater reproducibility~ of results and is based up¢n current
practices, pther accepted filter standards, and its world-wide availability,

NOTE 2 |The addition of an anti-static agent to this test fluid can affect the test results.
6.6 Paifticle counting systems

6.6.1 An online automatic particle counting system, in accordance with ISO 11943, shall bg used to
determing¢ the number and size distribution of<the contaminant particles in the fluid. An onling dilution
system mfay be required to ensure that the particulate concentration in the fluid sampled by the putomatic
particle ¢ounters does not exceed the saturation limits specified by the automatic particl¢ counter
manufactprer.

The autorhatic particle counters, including the on-line dilution system, if applicable, should be valjdated for
on-line counting in accordance with ISO 11943.

6.6.2 Afurbulentsamplingmeans, inaccordance with ISO 4021, shall be located upstream and doyvnstream
of the test filter elementin-order to provide fluid sample flow to the automatic particle counters. The design
of the sanppling systenishall be such as to minimize lag time in fluid flow to the automatic particle/counters.
The portipn of the-sampling flow not passing through the automatic particle counters can be returned to
the filter plementtest circuit reservoir via a by-pass line. Flow through the automatic particle coynters can
also be r¢turnedto the filter element test circuit reservoir provided it has not been diluted, or] it can be
discarded. Do not interrupt sample flow during the test.

6.6.3 Automatic particle counters shall be calibrated in accordance with ISO 11171 for the appropriate
particle sizes. Use the recommended particle sizes given in Table 2 unless otherwise agreed.

6.7 Testhousing and free flow dummy element

6.7.1 The service filter housing shall be used whenever possible; and it shall be installed in a normal
service attitude. If this housing contains a by-pass valve, it shall be blocked and tested for zero leakage at
twice the normal cracking pressure.

© IS0 2024 - All rights reserved
6


https://standardsiso.com/api/?name=f32afff3084a792bfc35c9c238a3c7b5

ISO 14085-3:2024(en)

6.7.2 If a service filter housing is not available, the test housing shall duplicate the inside configuration,
including size, direction, and location of the inlet and outlet flow ports used in the service filter housing.
The volume beyond the ends of the filter element can vary up to +10 % of the corresponding volumes of the
actual housing.

6.7.3 Install a free flow dummy element in the filter housing when determining the differential pressure
of the empty filter assembly (i.e. without the filter element installed) to reduce the impact of any changes
in flow patterns on the measured filter element differential pressure. The free flow dummy element shall
be the same as the test element without the filter media. If the test filter element is not constructed with a
rigid core, the dummy element shall be provided with a core having a minimum open area equal to twice the
filter element outlet area (the internal cross-sectional area of the filter assembly outlet tube) and a diameter
approximating the inside diameter of the media pack.

6.8 Filter performance test circuits

The filter| performance test requires two separate circuits: a filter element test circuit, and a cofptaminant
injection pircuit. Schematic diagrams of typical filter performance test set-ups usedto measure|filtration
efficiency]in steady and cyclic flow conditions are shown in Annex B.

6.8.1 Filter element test circuit, consisting of the following.

6.8.1.1 [A reservoir with a smooth conical bottom that has an included.ahgle of not more than 40°, pump,
fluid condlitioning apparatus, and instrumentation that are capable.0f accommodating the range of flow
rates, prgssures, temperatures, and volumes required by the pfocédure, and is capable of mgeting the
validatiorn) requirements of Clause 8.

6.8.1.2 (A clean-up filter capable of providing an initial system contamination level as specified in Table 2.
6.8.1.3 (A configuration that is insensitive to the interided operative contaminant level.

6.8.1.4 (A configuration that does not alter thé test contaminant distribution over the anticipated test
duration.

6.8.1.5 [Pressure tapsin accordance with ISO 3968.
6.8.1.6 [luid sampling sections'upstream and downstream of the test filter in accordance with IS0 4021.

6.8.1.7 Fluids entering €he reservoir shall be diffused. Diffusion should take place below the|reservoir
fluid surfhice in order te‘eliminate the formation of air bubbles.

6.8.1.8 [For cyclicflow testing, a cyclic flow by-pass line equipped with an automatically controllgd shut-off
valve (e.g| an electrically-actuated ball valve or poppet type valve, which has been shown to be satisfactory
for this application) or other method capable of producing the required flow rate cycle at the test frequency
shall be uked

The flow cycling set-up shall be capable of cycling at 0,1 Hz. Each 10 s cycle shall consist of two equal parts,
the first including a flow rise period (25 % to 100 % of the test flow rate, g¢) and a constant 100 % flow
period, followed by the second part including a flow decay back to 25 % g¢and a constant 25 % flow period.
This is accomplished via the solenoid operated shut-off valve and the flow control valve in the by-pass circuit
shown in Figure B.2 or using an alternate acceptable method. The set-up should be such that the flow cycle
falls within the limits set forth in Figure 3.

© IS0 2024 - All rights reserved
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X  time 4
Y differ
1 filter

Alternatiy
fall times]
be succes|
shall be c

Alternatiy
therefore

NOTE
difference

Y 1
100 —
75
50
2
25 3 4
6> T TR T N T T N N T A T TN T AN TN Y T NN TN N M |
0 2 4 6 8 10 12 X
fter start of flow cycle 2 25 % of filter rated flow, 0,25 g;
ential pressure 3 rise time=0,1sto 0,2 s

rated flow, g; 4  falltime=0,1st00,2s

Figure 3 — Flow cycle waveform

rely, any other specified frequency or cycle waveform (minimum or. maximum flow, andl rise and

can be used for the test provided there is agreement between parties. However, a validz
sfully performed at these alternate conditions in accordance with 8.2; and the cyclic ¢
early delineated in the test report.

e cyclic conditions can affect the test results, both “in efficiency and stabilized cl
when making comparisons between filters, only one condition should be used.

The solenoid operated shut-off valve and the flow\cortrol valve in the by-pass circuit are th
b in the cyclic flow test circuit and that of steady flow'multi-pass test equipment.

6.8.2 Contaminant injection test circuit, consisting of the following.

6.8.2.1

A reservoir with a smooth conical.bottom that has an included angle of no more than 9

fluid condlitioning apparatus, and instrufnentation that are capable of accommodating the rang

rates, pre
validation]

6.8.2.2

6.8.2.3
anticipate

6.8.2.4

ssures, temperatures, and yolumes required by the procedure, and is capable of me
requirements of Clause 8.

A configuration thatdSyelatively insensitive to the intended contaminant level.

A configuration,that does not alter the test contaminant particle size distribution
d test duration:

A fluidssampling section in accordance with the requirements of ISO 4021.

6.8.2.5

tion shall
onditions

banliness;

e primary

0°, pump,
re of flow
eting the

over the

A‘clean-up filter capable of providing an initial injection system contamination level as s

ecified in

Table 2.

6.8.2.6 A turbulent means for transferring fluid from the contaminant injection system to the filter
element test system reservoir to yield an injection flow rate up to 0,25 1/min.

6.8.2.7 Fluids entering the reservoir shall be diffused. Diffusion should take place below the reservoir
fluid surface in order to eliminate the formation of air bubbles.

From a general point of view, the injection flow should be set as low as possible to minimize any influence
of contaminant removed by the downstream fluid discarded. The injection system shall be validated at the
minimum flow rate (see 8.3).

© IS0 2024 - All rights reserved
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Turbulence is not always possible or guaranteed by calculation. Long straight lines should not be used. A
validation ensures that the system is satisfactory.

NOTE The injection fluid volume can be increased, which requires an increase in the amount of test dust
proportionately.

7 Instrument accuracy and allowable test condition variation
7.1 Utilize and maintain instrument accuracy and test condition variations within the limits in Table 1.

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

Table 1 — Instruments accuracy and test conditions variations

Test parameter Unit Instrument accu- Allowed t.es-t condjtion var-
racy () of reading iation ()
Electrical conductivity pS/m 10 % —
Differential pressure Pa, kPa or bar 5% —
Balse upstream gravimetric mg/1 — 10 %
Flow:
Injection flow ml/min 2% 5%
Test flow 1/min 2% 5%
APC s¢nsor and dilution flow rates 1/min 1,5% 3%2
Kinematic viscosity mm?2/s b 2% 1 mm?2/s
Mass g 0,1 mg —
Temperature °C 1°C 2°Ce¢
Time S 1s —
Ihjection system volume 1 2% —
Fllter test system volume 1 2% 5%
a  Sensor|flow variation to be included in the dverall 10 % allowed between sensors.
b 1 mm?/s =1 cSt (centistoke).
¢ Orasrequired to conform to the viscdsity tolerance.

Table 2 — Test conditions values

Less than 1 % of the minimum number specified in|Table 3
measured at the minimum particle size to be counted.

Initial cgntaminationdevel for filter test systems

Less than 1 % of injection gravimetric level
1+0,10or3+0,30r10+1,0

Minimum of five sizes selected to cover the presumedfilter per-
formance range from for o =2 to f or 6 = 1 000. Typical sizes
are: (4,5,6,7,8,10,12, 14, 20, 25) um(c).

a2 When comparing test results between two filters, the base upstream gravimetric level should be the same.

Initial Jontamination level for injection system

Basg¢ upstkeam gravimetric level, mg/12

Recpnimended particle counting sizes b

b Particle sizes where filtration ratios are low (f or o = 2, 10...) can be unobtainable for fine filters and particle sizes where
betas are high (for o =...,200, 1 000) can be unobtainable for coarser filters.
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8 Test equipment validation
8.1 Steady flow filter test system validation

8.1.1 Validate the filter test system at the minimum flow rate at which it is to be operated. Install a pipe in
place of filter housing during validation. The main clean-up filter shall not be by-passed.

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 (1/min) value, with
a minimum volume of 5 1.

NOTE 1 This 1S the ratio ol volume to 1low rate required by the I1lter test.

The fluid Jolume should be numerically equal to 50 % of the maximum flow rate for flow rates lessthan pr equal to
60 1/min with a minimum volume of 5 . For flow rates greater than 60 1/min, the fluid volume should be numerically
equal to 2§ % of the flow rate greater than 60 1/min.

8.1.3 Clean up the contents of the reservoir until the cleanliness conforms to the\level stated in Table 2.

8.1.4 Contaminate the system fluid to the lowest base upstream gravimetriclevel to be used in ftesting as
shown in[Table 2 using ISO FTD and circulate for 15 min. The circuit should‘be contaminated by cpntinuous
injection pf the test dust into the main circuit which has been configured into a single pass way] (i.e. with
continuoys recirculation through a clean-up filter).

8.1.5 Vgrify that the flow rate through each particle counting'sensor is equal to the value usg¢d for the
particle cpunter calibration within the limits of Table 1.

8.1.6 Circulate the fluid in the test system for anvadditional 60 min, conducting continuous online
automati¢ particle counts from the upstream sampling’section for the 60 min period. Sample flow|from this
section sHall not be interrupted for the duration of.the validation.

8.1.7 Re¢cord cumulative online particle counts at equal time intervals not to exceed 1 min for th¢ duration
of the 60 1in test at the particle sizes selected from those given in Table 2, including the 25 um(c) particle size.

8.1.8 A¢cept the validation test only'if:

a) the pprticle count obtain€d)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;

b) the aperage of all-cumulative particle counts per millilitre is within the range of acceptahle counts
showp in Table 3;,and

c) therelis lesssthan a 10 % difference between the cumulative particle count obtained from the jupstream
autorhatic particle counter at each counting interval in each particle size range and the chmulative
parti¢le-count obtained from the downstream automatic particle counter for the same pafticle size
duringThe corresponding count mtervat.

NOTE Validation is required only at particle sizes to be used in the filter performance test.
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Table 3 — Validation counts for ISO FTD (for information)

with auton
distributio

Particle Acceptable cumulative particle counts per millilitre 2
size
Base upstream gravimetric Base upstream gravimetric Base upstream gravimetric
1mg/l1 3 mg/l 10 mg/1

pum(c) minimum maximum minimum maximum minimum maximum
4 2401 2980 7 204 8939 24 015 29797
5 1323 1626 3968 4 876 13 225 16 255
6 712 961 2136 2882 7 119 9608
7 438 642 1314 1925 4379 6417
10 89 212 268 634 895 4116
14 31 70 94 211 312 701
15 26 58 78 175 259 582
20 11 23 34 70 114 235
22 8 17 24 51 81 169

a2 The mjnimum and maximum values are based on particle counts determined by an interlaberatory comparison| conducted

.

hatic particle counters calibrated in accordance with ISO 11171, with a calculated variation based on he Poisson

819 V:
[SO 11943.
NOTE

8.2 C(Cyd

8.2.1 Vi
Figure 3 2

8.2.2 V;

8.2.3 Vi
system is

824 V:

8.2.5 In
selected {
flow rate.

8.2.6 A

ilidate the online particle counting system, and dilution Systems if used, in accord:

Validation is required only at particle sizes to be used in the filter performance test.
lic flow filter test system validation

lidate the ability of the cyclic flow system to achieve the required flow waveform
t the minimum and maximum filter ratéd flows for which the test stand is intended for u

1lidate the cyclic flow filter test system at the minimum flow rate at which it is to be oper

ilidation shall be performedwhile cycling at the minimum filter flow rate, g, at which the
to be operated.

ilidate the cyclic fléw at 0,1 Hz (6 cycles per minute), using the waveform shown in Figur

stall a pipe @nd’valve in place of the filter housing during validation. The pipe and valy
o that they\produce the maximum differential pressure expected during testing at the
The main.clean up filter shall not be by-passed.

ljust'the total fluid volume of the filter test system (exclusive of the clean-up filter cir

ince with

shown in
se.

ated.

filter test

9%
w

e shall be
maximum

Cuit) such

thatitisr

. 1l 1 4 O 0L Ll - 1 £l de . - - 1 £
UIIICTIC4dlly TUYUdl LU OU 70 Ul LIIT ITI4d AU VOIUIIIT TIUVW T dlC, WILID d TIHIITUIIT VUIUITIC UL J

I for flow

rates less than or equal to 60 I/min or equal to 25 % of the maximum test volume flow rate for flow rates
greater than 60 1/min.

NOTE

This is the ratio of volume to flow rate required by the filter test procedure (see 10.3.4).

8.2.7 Validate the online particle counting system and dilution systems, if used, in accordance with
[SO 11943 while the filter test system is under cyclic flow conditions.

8.2.8 Establish a background fluid contamination level that is less than that specified in Table 2.
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8.2.9 Contaminate the system fluid at the minimum base upstream gravimetric level to be used as
shown in Table 2, using ISO FTD test dust, and circulate for 15 min. The circuit should be contaminated by
continuous injection of the test dust into the main circuit which has been configured into a single pass way
(i.e. with continuous recirculation through a clean-up filter).

8.2.10 Verify that the flow rate through each particle counting sensor is equal to the value used for the
particle counter calibration and is within the limits of Table 1.

8.2.11 Circulate the fluid in the test system for an additional 60 min, conducting continuous online
automatic particle counts from the upstream sampling section for the 60 min period. Sample flow from this

section shall not be interrupted for the duration of the validation. If dilution is used, the fluid that has passed
through thesensorshallnotbereturned tothe reservoir

8.2.12 Record cumulative online particle counts at equal time intervals not to exceed 1 min-foy th¢ duration
of the 60 min test at the particle sizes shown in Table 2.

8.2.13 A¢cept the validation only if

a) the ofp-line particle counting system and dilution system were successfullyvalidated in accordance with
ISO 1]1943;

b) the pprticle 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 thatsize;

c¢) the ayerage of all cumulative particle counts per millilitre.arfe within the range of acceptahle counts
showh in Table 3; and

d) therelis less than a 10 % difference between the cumulative particle count obtained from the jupstream
automatic particle counter at each counting interyval in each particle size range and the ctimulative
partifle count obtained from the downstream-automatic particle counter for the same pafticle size
durinlg the corresponding count interval.

8.3 Contaminant injection system validation

8.3.1 Validate at the maximum initial injection system volume (V;) to be used in accordance with 10.2.3,
the maxipum contaminant injectiomsystem gravimetric level (c;") specified in accordance with 10.2.4, the
minimum contaminant injection(flow rate (g;'), and for a length of time required to deplete the{complete
usable volume (V;; V,,;,,) of the Contaminant injection reservoir.

8.3.2 Pre-clean the contaminant injection fluid system to achieve the fluid cleanliness given ih Table 2,
then by-ppss the cleantupfilter system.

8.3.3 Cjlculate-thie required amount of contaminant (m) to be added to the contaminant injectipn system
from the yolume(V;;) and gravimetric level (¢;") in accordance with 8.3.1, according to the Formuld (1):

= (A<D 1)
1000

8.3.4 Add the required quantity of contaminant (m) to the contaminant injection system reservoir fluid
and circulate for a minimum of 30 min.

8.3.5 Start the timer and initiate injection flow from the contaminant injection system, once the
temperature has stabilized, collecting this flow externally from the system. Maintain the injection flow rate
at the stabilized temperature to within +5 % of the desired injection flow rate (g;") for the duration of the
validation. Obtain an initial sample at this point and measure the injection flow rate by collecting the fluid in
a calibrated measuring cylinder for a measured duration of time not less than 30 s.
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8.3.6 Obtain samples of the injection flow and measure the injection flow rate at 30 min, 60 min, 90 min,
and 120 min or at four equal intervals, depending upon the depletion rate of the system.

8.3.7 Analyse each sample from 8.3.6 gravimetrically in accordance with ISO 4405.

8.3.8 Measure the volume of the injection system at the end of the validation test. This is the minimum
validated volume, V..

8.3.9 Validation requirements: The contaminant injection system shall be considered validated only if the
criteria listed below are met.

a) The gr eatR—Sampre a3y . - e—wrtERT
les, and within #10 % of the desired gravimetric level (c;") in accordance with 8.3.1.

& 3 ot 3 rgge of the

b) The ipjection flow rates, measured in 8.3.6, shall be within +5 % of the average of the-inje¢tion flow
rates]and within =5 % of the desired injection flow rate (g;").

¢) Thevplume remaining in the injection system (V,) plus the volume of fluid expelled-during the validation,
calcujated as: q; x t;, is equal, within £10 %, to the initial injection system vohime (V).

9 Summary of information required prior to testing
The following information shall be available prior to applying this de€iment to a particular filter glement:
a) fabri¢ation integrity test pressure (see ISO 2942);

b) filterjelement test flow for steady flow test and maximum test flow (g;) for cyclic flow test;
c) termjnal element differential pressure;

d) presymed micrometre values for specific filtration ratios;

e) presymed value, m,, of the filter element eapdcity (mass injected);

f)  fluid;
g) fluid femperature;

h) fluid yiscosity.

10 Preljminary test preparation
10.1 Tesqt filter assembly

10.1.1 Ensure'that test fluid cannot by-pass the filter element in the housing to be evaluated.

10.1.2 Subject the test filter element to a fabrication integrity test in accordance with ISO 2942. The element
shall be disqualified from further testing if it fails to exhibit at least the designated test pressure.

10.1.3 Unless the test fluid was used for fabrication integrity testing, allow the fluid to evaporate from the
test filter element before installing it in the test filter housing.

NOTE1 The test fluid specified in 6.5 can be used for fabrication integrity testing.

NOTE 2  Iftheelementis notreadily 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, a low and, perhaps, unacceptable
first bubble point value determined in such a case does not mean that such a value would have been obtained if the
fabrication integrity test had been conducted before the multi-pass test.
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Unless the test fluid was used for fabrication integrity testing, allow the fluid to evaporate from the test
filter element before installing it in the test filter housing.

10.2 Contaminant injection system

10.2.1 Calculate the average test flow rate (q; ) using Formula (2) or Formula (3):

for steady flow tests:

dr = qf

(2)

for c

qr =

10.2.2 Sgq

calculated using Formula (4) is preferably in the range of 1 h to 3 h, based on thesimple averagg

rate, gr, g

NOTE 1
test eleme

NOTE 2
gravimetr

10.2.3 C:
predicted

v,

min

NOTE
filter elem

A value fi

lic £1 i i
CIIC TIUVV TTO LS.

qf +0,25XQf)

=0,625x
5 as

lect a desired base upstream gravimetric level (c;") from Table 2 so that the'predicted tes

alculated using Formula (2) or Formula (3):

DO0xm,

p 4t

A second filter element can be tested for capacity analysis if the Value of the estimated capacity
nt is not supplied by the filter manufacturer.

Predicted test times of less than 1 h or longer thantZ3 h are acceptable as long as the base
c level chosen is maintained.

iIculate the minimum required operating\injection system volume that is compatible]
test time, t', and a desired value for the(@hjection flow using Formula (5):

L (1,2xt"%q;)+V,

The volume calculated using Formula (5) ensures a sufficient quantity of contaminated fluid to Iq
ent plus 20 % for adequate-cicrculation throughout the test. Larger injection system volumes can |

r the injection flow rate (g;") of 0,25 I/min is commonly used and ensures that the doy

sample fl
higher in

The injection flow rat€ should equal or exceed the value used for injection system validation in 8.3

10.2.4 Cglculate-the desired gravimetric level (c;) of the injection system fluid using Formula (6)

pw expelled from'the filter test system does not significantly influence the test results.
ection flow rates-can be used provided that the base upstream gravimetric level is m

3

t time (t")
test flow
(4)

(m,) of the

upstream

with the

(5)

ad the test
e used.

vnstream

Lower or
hintained.
1.

(6)

10.2.5 Adjust the total initial volume, V;;, of the contaminant injection system (measured at the test
temperature) to the value determined in 10.2.3; and record the result on the report sheet given in Table 4

and Table

5 issued from Clause 13.
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10.2.6 Calculate the mass of contaminant needed for the contaminant injection system (m) using

Formula (7):

C;XVii
Ehe il 88 7
1000 (7)

10.2.7 Prior to the addition of the test dust to the contaminant injection system, verify that the background
fluid contamination level is less than specified in Table 2.

10.2.8 Prepare the contaminant injection system to contain the quantity of fluid, Vj;;, and quantity of
ISO FTD, m, (see 10.2.6) using the same procedure that was used for the contamination injection system
validatioi] (see 8.3].

10.2.9 Agljust the injection flow rate at stabilized temperature to within +5 % of the value selected in 10.2.3
and mairIain that value throughout the test. Record the injection flow rate on the report sheet given in
Table 4 apd Table 5 issued from Clause 13. During setup, return the injection flow diréctly to thq injection
reservoir.

10.3 Stepdy flow filter test system

10.3.1 Install the filter housing with a free-flow dummy element in thefilter test system and thoroughly
bleed of ajr.

10.3.2 Vgrify that the rest conductivity of the test fluid is maintained in the range of 1 000 pS/m to
2 000 pS/m, when measured at test temperature. If it is oytside this range, either add anti-statif agent to
increase fhe conductivity or more new fluid to reduce it.

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

10.3.3 Circulate the fluid in the filter test systermtat the average filter test flow, g¢, (see 10.2.1), and at a test

temperatfire such that the fluid viscosity ismaintained at 15 mm?2/s. Measure and record the temperature
and the differential pressure of the filter{ housing containing the free flow dummy element in a¢cordance
with ISO 3968.

10.3.4 Agljust the total fluid volame of the filter test system (exclusive of the clean-up filter cirfuit) such
that its vqlue in litres is numexically between 25 % to 50 % of the average filter test volume flow rpte, g;, in

1/min, with a minimum valu€-ef 5 L.

In case thle designated-test volume flow rate is greater than 60 I/min filter test system fluid voluge should
be numerjcally equalto 25 % of the test volume flow rate.

NOTE Repeatable results require that the system volume be maintained constant. The specified range of ratios
between the tést system fluid volume and the test volume flow rate from 1:4 to 1:2 minimizes the physjcal size of
the system teservoir as well as the quantity of test fluid required, while maximizing the mixing condit]ons in the
reservoir.

10.3.5 Adjust the particle counter thresholds corresponding to the particle sizes selected from Table 2.

10.3.6 Initiate online automatic particle counting by using the following procedure.

a) Setthe particle counters to count for either 30 s or 60 s intervals depending on the estimated test time,
t’, with the goal to obtain at least 35 data sets during the cyclic flow segment of the filter efficiency test.
However, the minimum volume of fluid counted during each count should not be less than 10 ml. This
necessitates 1 min counts for automatic particle counters with operating flow rates of 10 ml/min.
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b) Adjust the upstream and downstream sampling flow rates to an initial upstream value compatible with
the sampling procedure and particle counting sensors used; and adjust the downstream flow rate to
within #5 % of the injection flow rate and maintain uninterrupted flow from both sampling points
during the entire test.

c) Adjust the upstream and downstream dilution flow rates if required for automatic particle counting, so
that at the end of testing, the flow rates and concentrations at the particle counters are compatible with
the instrument requirements.

The upstream and downstream sensor flow rates should be set and maintained at these values, and
within the limits specified in 8.1.5 and Table 1.

Synchronize the counting periods of the two automatic particle counters as closely as possible.

d) Retur
reser

If the
fluid

If the
shoull
This
syste
10.3.7 E;s
10.3.8 St
10.4 Cyc
10.4.1 Pq
10.4.2 St

10.4.3 St
in accord

10.4.4 E;j

10.4.5 St

11 Filte

7OiT.

upstream sample is diluted or filtered for online automatic particle counting,the-diluted
should be collected outside of the filter test system.

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

d be reduced by a value equal to the upstream sample flow that jsicollected outside th
s to assist in maintaining a constant system volume that should be-kept within +5 % of
m volume.

tablish a fluid background contamination level less thanthat specified in Table 2.
op the test flow and particle counters.

lic flow filter test system

brform the tasks in 10.3.1 through 10.3.5:

art cyclic flow in accordance withthe waveform in Figure 2.

art recording particle counts\with the automatic particle counters in the filter element te
ince with 10.3.6.

tablish a fluid background contamination level less than that specified in Table 2.

op the test flowsand particle counters.

r element efficiency test

11.1 Ste

n the undiluted and unfiltered sampling flow upstream of the test filter directly t&l) the test

br filtered

Hiscarded
e system.
the initial

st system

rly flow test

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

11.1.2 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.

11.1.3 Calculate the final assembly differential pressure, Ap;, by adding the terminal element differential
pressure to the housing differential pressure.
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11.1.4 Measure and record the initial system contamination level using online particle counting from

upstream

of the test filter element.

11.1.5 By-pass the system clean-up filter if the upstream contamination level is less than that specified in
Table 2, otherwise continue clean-up until the required cleanliness level is achieved.

11.1.6 Obtain a sample from the contaminant injection system. Label it “Initial injection gravimetric

sample”.

11.1.7 Measure and verify the injection flow rate. The injection flow rate shall be continuously measured to
ensure that the flow rate is maintained within the specified tolerances.

11.1.8 In

itiate the filter test by:

a) allowling the injection flow to enter the filter test system reservoir;

b) start

c) diver

ng the timer; and

ting the downstream sample flow from the test system to maintain ‘a.’constant syste

withihn a tolerance of 5 %.

11.1.9 In

11.1.10R
pressure

11.1.10.1
within th

11.1.10.2
within th

11.1.10.3
automatig

The sensd
the exact

11.1.11R

itiate online automatic particle counting by using the procedunes'given in 10.3.6.

ecord upstream and downstream particle counts at equal time intervals until the d
hcross the filter assembly has increased to the terminalivalue calculated in 11.1.3.

Maintain the upstream and downstream sensor:flow rates equal to the values chosen in|
b limits specified in Table 1.

Monitor and record the particle counter sensor flow rates throughout the test and
e limits specified in Table 1.

Use online dilution only when required to avoid exceeding the coincidence lix
particle counters, as determined in accordance with [SO 11171.

r flow rate and dilution ratios should be controlled and recorded throughout the test tg
amount of test fluid thatis passed through the sensor for each count.

bcord the assembly differential pressure at the beginning of each particle count throughot

Continuous differential pressure measurements using a differential pressure transducer should b

this purp

11.1.12

DSE.

Extract a bottle sample for gravimetric analysis from upstream of the test filter

assembly

m volume

fferential

10.3.6 b),

maintain

nit of the

calculate

t the test.

P used for

when the

differential pressure has reached 80 % of the final assembly differential pressure

11.1.13

a) recor

Conclude the test at the final assembly differential pressure by the following:

ding the final test time, t;

b) diverting the injection flow from the filter test system;

c) stopping the flow to the test filter.

11.1.14M

easure and record the final volume in the filter test system as V.
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11.1.15Measure and record the final injection system volume as V.

11.1.160btain a fluid sample for determining final injection gravimetric level from the contaminant
injection system.

11.1.17Remove the filter element and check that no visual evidence of filter element damage has occurred
as a result of performing this test; and report any observations accordingly.

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

11.2 Cygheflow-test

11.2.1 Install the test filter element into its housing and subject the assembly to themaxithum flow
rate for dyclic conditions (gq,), and to the test temperature established in 10.3.3 to maintain viscosity at
15 mm?2/4 + 1,0 mm?/s, and reaffirm fluid level.

11.2.2 Meeasure and record the clean assembly differential pressure. Calculate and'record the cleajn element
differentipl pressure by subtracting the housing differential pressure meastred in 10.3.3 from|the clean
assembly(differential pressure.

11.2.3 Cglculate the final assembly differential pressure, Ap;, by adding the terminal element djfferential
pressure fo the housing differential pressure.

11.2.4 Cglculate the net assembly differential pressure, Ap ;<by subtracting the clean element djfferential
pressure [see 11.2.2) from the terminal element differentialpressure [see Clause 9 c)].

11.2.5 Calculate the filter assembly differential pressures corresponding to increases of 2,5 % arld 80 % of
the filter glement net differential pressure as shownin Formulae (8) and (9), and record:

Ay 5, = Ap + 0,025 x (8p,) 8)

Apgo o = Aps+ 0,8 x (Apy) 9)

11.2.6 Restart cyclic flow in aceordance with 10.4.2. Record five upstream and downstream partifle counts
at each pdrticle size range. These are the blank counts. If the upstream contamination level is less|than that
specified jn Table 2, by-pass.the system clean-up filter, otherwise continue flowing the oil through [the clean-
up filter, dnd collecting blank counts, until the required cleanliness level is achieved.

11.2.7 Obtain a.Sample from the contaminant injection system. Label it “Initial injection grfavimetric
sample”.

11.2.8 Measureand verify the injection flow rate The injection flow rate shall be continuously mdasured to
ensure that the flow rate is maintained within the specified tolerances given in Table 1.

11.2.9 Start flow from contaminant injection system to the filter test system and simultaneously start the
test-recording timer. Record the initial injection flow rate. Monitor and maintain the required injection flow
rate, ¢;’, to within £5 %, throughout the cyclic flow segments of the test.

11.2.10 Maintain the total volume of fluid in the filter element test system to within *5 %, as
described in 10.3.4.

11.2.11 Record automatic particle counts throughout the test in accordance with 10.3.6.
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11.2.12 Record the maximum differential pressure across the filter assembly during flow cycling
throughout the test. Continuous differential pressure measurements using a differential pressure transducer
shall be used.

11.2.13 When the differential pressure across the filter assembly at maximum test flow increases to
Ap; 5, as calculated with Formula (8), perform the following steps:

a) stop contaminant injection;
b) stop the test-recording timer; record the timer value as ¢, s ¢,; start a secondary timer;

c) divertall APC sensor flow to the test reservoir and close the discard valve, if open.

11.2.14 Continue recording particle counts for the stabilization time period of 30 min,*measured
with the §econdary timer.

NOTE The stabilization time of 30 min is the time duration during the test when contaminant injectign is halted
and fluid i circulated through the test filter element, allowing it to clean up the fluid. The fluid contaminfation level
during thig period is recorded so that the stabilized contamination level can be determined.{T'he test procedufe requires
determinafion of the stabilized fluid contamination levels at filter element differential\pressures corresponding to
increases ¢f 2,5 % and 80 % of the net differential pressure.

11.2.15 At the end of the 30 min stabilization time period, feset the secondary tiper, start
contaminpnt injection, the external flow discard, and the test-recording timer, and continue with|the cyclic
flow testing until the filter assembly differential pressure has increased to 80 % of the net dfferential
pressure.

11.2.16 When the differential pressure across the filter assembly increases to Apg o, as ¢alculated
with Formula (9), perform the following steps:

a) extrarta bottle sample for gravimetric analysis ffem upstream of the test filter;
b) stop ¢ontaminant injection;
c) stop the test-recording timer; record ghetimer value as tg( ,; start the secondary timer;

d) diverfall APC sensor flow to the tést reservoir and close the discard valve, if open.

11.2.17 Continue recording/particle counts for the stabilization time period of 30 min, measured
with the decondary timer.

11.2.18 At the énd” of the second stabilization time period, reset the secondary tirper, start
contaminpnt injectionythe external flow discard, and the test-recording timer, and continue with|the cyclic
flow testipg until thetterminal filter assembly differential pressure is attained.

For filter|elements with efficient filtration medium, and/or small filtration areas, the termingl element
differentiplpressure can be achieved during the 30 min stabilization period. The 80 % test time should then
be used for-the3+660-%peint

11.2.19 When the required terminal test filter assembly differential pressure is reached, perform the
following:

a) record final test time, t;, as the test-recording timer value;
NOTE This time represents the total time that contaminant was injected into the filter test system.

b) determine and record the final injection flow rate, then stop injection flow from the contaminant
injection system and stop the test-recording timer; record the final contaminant injection system
volume, Vi
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c) stop fluid sampling flow;
d) stop flow through the test filter element system.
11.2.20 Collect another sample of the injection system fluid to determine the final injection

gravimetric level at completion of test.

12 Calculation and data reporting

12.1 Filtration ratio and retention capacity

12.1.1 Egtablish 10 reporting times equal to 10 %, 20 %, 30 % ... 100 % of the final test time (sée[11.1.13 or

11.2.19) and record these times on the report sheet given in Table 4 and Table 5.

12.1.2 Calculate the assembly differential pressure corresponding to each reportinginte by corfducting a
linear interpolation between the nearest measured differential pressures prior to dnd after thatjtime. For

the 100 % time point, use the final assembly differential pressure.

12.1.3 Calculate and record on the report sheet given in Table 4 and Tabl€ 5 the element dlfferential
pressureq corresponding to each of the reporting times by subtracting¢the housing differentiall pressure

from eacH respective assembly differential pressure.

12.1.4 F¢r each particle count obtained during the test, calctlate the cumulative particle| count in
accordange with millilitre at each particle size by dividing the taw counts obtained in the count¢d volume

and adjusfing for any dilution, if used.

12.1.5 Calculate the average upstream and downstream particle counts at each particle size, x, fpr each of
the 10 regorting times, ¢, by using Formulae (10) and\#¥1) and the specific instructions in 12.1.5 a)|to d).

where n i$ the numbesof particle counts started in the specific reporting time period.

Nuxd=12 (10)

n
D Nax,

n

Nd,x,t (11)

Use only the particle count data collected during the cyclic flow portions of the test when corntaminant

injection Wastb€ing performed. Do not include the data collected during the two stabilization peri

a)

b)

hds.

Delete articte—ce ' e
the particle counts correspondin
periods.

o—tes es o - aird ally, delete
est times of 1 min, 2 min, and 3 min after the two stabilization

gto the t

NOTE These data deletions are to eliminate potentially erroneous particle counts obtained prior to
contaminant dispersion.

For the first reporting time (10 %), using Formulae (10) and (11), average the upstream and downstream
counts calculated in 12.1.4 for all the particle counts that were started before the first reporting time
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[with the exception of the first three deleted in 12.1.5 a)]. Record these average counts on t
sheet given in Table 4 and Table 5.

For a total test time less than 30 min, there may be no data for the 10 % reporting; in this
entries should be left blank.

he report

case, the

c) For the second reporting time (20 %), average the upstream and downstream counts calculated in
12.1.4 for all the particle counts that were started after the first reporting time and before the second

reporting time. Record these average counts on the report sheet given in Table 4 and Table 5.

d) For the third through tenth reporting times (30 % to 100 %), repeat 12.1.5 c) in a similar manner using
only the counts that were started in each reporting interval. Record these average counts on the report

sheet given in Table 4 and Table 5.

12.1.6 Using Formula (12) or (13), calculate the filtration ratios (8, , or o) corresponding\to’e
10 reportling times by dividing the average upstream particle count by the average downstrear
count at gach size, x, corresponding to that respective reporting time. Round the results-to thre
precision|(e.g., 1,75; 20,1; 300), and record on the report sheet given in Table 4 and Table’5.

For steady flow tests:

Nu,xt
ﬂx,t H=
Nd,x,t

For cyclic|flow tests:

u,xt

N d,xt

oxt4

Particle cpunts shall be averaged, and average filtrationsatios shall be calculated from these avera
Under no fcircumstances shall filtration ratio, 8 or o, values be averaged.

ach of the
h particle
e digits of

(12)

(13)

pe counts.

12.1.7 Using Formulae (14) and (15), calculate the overall test average upstream and downstreamn particle

counts by|numerically averaging the 10 average counts from 12.1.5 corresponding to each of the 10
times. Reford the results on the report sheet given in Table 4 and Table 5.

Ay X7 ZNu,x,t
k=1

A g x7 sz,x,t
k=1

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

reporting

(14)

(15)

intervals

12.1.8 Using Formula (16) or (17), calculate the overall average filtration ratios, EX or & ,, by di

iding the

overall test average upstream by the downstream cumulative particle counts at each size, x pm(c). Record

the results, to three digits of precision, on the report sheet given in Table 4 and Table 5.

B _Au,x
x ==
Ad,x
5. = Au,x
x ==
Ad,x

(16)

(17)

12.1.9 Conduct a gravimetric analysis in accordance with ISO 4405 on the two samples extracted from the
contaminant injections system (11.1.6 and 11.1.16 for steady flow tests or 11.2.7 and 11.2.20 for cyclic flow
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tests). Report the gravimetric contamination results to the nearest 0,1 mg/l on the report sheet given in
Table 4 and Table 5. Calculate the average injection gravimetric level (¢ ;) of the gravimetric levels of the two
injection system samples, and accept the test only if the gravimetric level of each injection system sample is
within £5 % of ¢ ;.

If ¢, differs from the selected value ;' (from 10.2.4) by more than 5 %, repeat the gravimetric analyses. If
the recheck differs more than 5 %, the contaminant injection system validation procedure in 8.3 should be
repeated.

12.1.10 Conduct a gravimetric analysis in accordance with ISO 4405 on the 80 % upstream sample
[from 11.1.12 for steady flow tests or 11.2.16 a) for cyclic flow tests], and record the result of this analysis as
the final system gravimetric level. Report the gravimetric contamination results to the nearest 0,1 mg/1 on
the reporf sheet given in Table 4 and Table 5.

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

12.1.11 Using Formula (18), calculate and record on the report sheet given in Table 4 and Tpble 5 the
average ipjection flow rate (g; ), by subtracting the final injection system volume frdm the initia injection

system vdlume and dividing the result by the final test time.

— _Wi-Vif

qi = (18)
tf
Accept the test only if this value is within +5 % of the value selecteddin10.2.3.
12.1.12 Using Formula (19), calculate and record on the.report sheet given in Table 4 and Table 5 the
average bpse upstream gravimetric level (c,").
d. Xag.
gy = T 1 (19)
ag

Accept the test only if this value is equal to the base upstream gravimetric level chosen from Table 2.

12.1.13 Report the following minimum information for filter elements evaluated in accordpnce with
this document. Present all test and calculation results as included in the report sheet given in Tgble 4 and
Table 5. The layout of the report sheetshould be used as shown.

12.1.14Using the actual final fest time to reach the terminal element differential pressure (¢;), the average
gravimetric level of the injection system (c;’), and the average injection flow rate (g; ), calculate the mass of

ISO FTD ipjected (m;) usingFormula (20).

| Xq; Xtg
Py (i) Bihhg ¥ 20
mi 1000 ( )

ol

Calculate|and ‘report on the test sheet given in Table 4 and Table 5 the ISO FTD retained capagity using
Formula 21X P2 Al o o 1e b ot ,]'5'4- L'P“ P
(1L dIIUTUUTITU TIICU TUCOUITTU TVWU UISITS Ul I'CUCIOIVUIL.

cgoxVp daXtr x(cgo —cp) %ty X[ (cgo+¢p)/2]
' 1000 1000 1000

mg =m (21

NOTE Formula (21) subtracts from the mass of ISO FTD injected:
a) the mass of contaminant remaining in the test system at the end of the test;
b) an estimate of the amount of contaminant permanently extracted from the system through the filter downstream

sampling point [the term (cg, - ¢},") is a conservative estimate of the gravimetric contamination level downstream
of the test filter];
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c) an estimate of the amount of contaminant extracted from the upstream sample flow (q,) that is permanently
discarded from the test system [the term (cgy + ¢,")/2 is an estimate of the average upstream gravimetric
contamination level]; if the upstream sample flow is recycled and not discarded, Formula (21) is applied without
the final term.

12.1.15 Record the values of the gravimetric levels obtained in 12.1.9 and 12.1.10 on the report sheet
given in Table 4 and Table 5.

12.1.16 Calculate, record on the report sheet given in Table 4 and Table 5, and plot on linear
coordinates element differential pressure versus ISO FTD contaminant added by using Formula (22).

Ei XC_Ii Xtn
1000

mp = (22)

where m}is the mass of the contaminant added at differential pressure Ap, and time .

12.1.17Plot on semi-log coordinates average § or ¢ versus particle size, f or ¢ values-being on the¢ log scale
with for|o =100 000 as the highest value plotted.

When B, or o, equals infinity values (zero downstream particle count) @re recorded, they should be
plotted a B, or o, =100 000.

12.1.18 Using Formula (23) or (24), calculate and record on-the report sheet given in Table 4 and
Table 5 the particle size 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 filtration ratio versus
particle sjze plot. The interpolated particle size for a specifiedfiltration ratio is a value that fall§ between
two of th¢ points from the plot in 12.1.17 (corresponding tefiltration ratios 8,1 or o, and particle size x;

and B, , or 0,, and particle size x,). Do not extrapolate,

For steady flow tests:

()(1 —XZ)XIOg( ﬂx ]
By,
+X

B,
B,

For cyclic|flow tests:

(Ay —Xz)XIOg[ e ]
&5
+x

O
log ¥

Ox,
For many] filters, particle size values for each of the above filtration ratios values cannot be obftained by
interpolation. In these cases, the unobtainable values should be noted as either less than the minimum

particle size 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 recommended values.

X=

1 (23)
log

X=

1 (24)

For filtration ratio values greater than 100 000, use the value of 100 000 in Formula (23) or (24).

12.1.19Plot on semi-log coordinates average filtration ratio values for each particle size versus percent test
time, with the filtration ratio values on the log scale.

12.1.20 Plot on log;, coordinates average filtration ratio values for each particle size versus element

differential pressure, with the filtration ratio values on the ordinate.
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12.1.21 Have available a record of all physical values pertaining to the test.

12.2 Calculation of stabilized particle counts for cyclic flow test

12.2.1 Using the particle counts recorded during the first 30 min stabilization period (see 11.2.14),
calculate the 2,5 % stabilized downstream particle counts for the size ranges 4 pm(c), 6 pm(c), and 14 pm(c)
by averaging the recorded particle counts for the last 1 min of the 30 min stabilization time. Record in the
report sheet given in Table 4 and Table 5.

If 1 min particle counting intervals are being used, report only the last particle count.

4+ H 4+ Lo T il 4 V4 rolaals A I1CO 11910 1 1 1 £ 4] 1 -
12-2-2 D.,LCI HITHIC UIIC 4,0 70 SUAUIITIZCTU 10U 11410 UIUAIITIITIITSS Lldsstlo 1TUL LIIT dUUVUE S514T 1a115ca from the

averaged tabilized downstream particle counts and record in the report sheet given in Table 4,and Table 5.

12.2.3 Calculate and record the corresponding filter element differential pressure, obtainedby’subtracting the
housing djfferential pressure from the 2,5 % filter assembly differential pressure, Ap, s oS€alculated jn 11.2.5.

12.2.4 Calculate and record in the report sheet given in Table 4 and Table 5 the“contaminant ipjected to
Apz,s op Uping the time, t2 5 9 from 11.2.13, by using Formula (25):

(t2,500 XCi X1 )
€2,5% ZW (25)

12.2.5 Using the particle counts recorded during the second~30 min stabilization period (seq 11.2.17),
calculate fhe 80 % stabilized downstream particle counts for the size ranges 4 um(c), 6 um(c), and 14 pm(c)
by averaging the recorded particle counts for the last 1 mincof the 30 min stabilization time. Recprd in the
report sheet given in Table 4 and Table 5.

If 1 min pprticle counting intervals are being used, report only the last particle count.

Table 4 — Steady flow filter element multi-pass report sheet

Test laborptory: Testdate: ___________ Operator: _______| ___
Filter and element identification

Element ID: Housing ID:

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

Test fluid

Type: Ref.: Batchno.:____ | L
Viscosity ait the testtemperature (mm?2/s): Temperature (°C):

Antistatic Yes._____ No_____ Type: _____ Conductivity (pS/m): __________| _

Test conthminant

Type: ISO 12163t AZ testdust {1SOFD—Batchmo=

Test system
Initial volume (1):

Flow rate, g (1/min):

Average base upstream gravimetric level, ¢, (mg/1): Final volume (1):

Injection system

Injection parameters Initial Final Average injection parameters
System volume (1) Injection flow (_gi (1/min)
Gravimetric level (mg/1) Gravimetric level, Ei (mg/1)

Counting system
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Table 4 (continued)
Location Counter and sensor ref. Flow rate (ml/min) Dilution ratio
Upstream
Downstream

Counter calibration:

Method:

Test results

Element integrity
Bubble point to ISO 2942 (Pa):
Differential pressure

Test fluid:

© IS0 2024 - All rights reserved
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Filter houpirg{cRaj: Clean-assemblyPaj:
Clean element (kPa): Final element (kPa): (l/b‘
Differentjal pressure versus contaminant added (]9
Time intefval | Testtime Element Ap Injected |Time interval| Testtime Ele eﬂDA;ﬂ njected
(min) (kPa) mass (min) c@a) mass
(8) R (8)
10 % 60 % I\
20 % 70 % )
30 % 80 % N7
40 % 0% |V
50 % 100% )
Retention capacity \\‘<
ISO FTD npass injected m; (g): ISO FT&}tained capacitymgp (g): ____________| |
80 % upstream gravimetric level cgq (mg/D): ____________ \‘QQ
Filtration ratio 3, ’§
Average filtration ratio 2 10 N 75 100 200 1000
Particle size, x, um(c) \O
Particle qounts per mL and filtration ratio ‘,‘C\l‘
Time inferval |d > g la> @ |d> g |d> B |d> g |d>
m(c) pm(c) ] - um(c) m(c) um(c) um(c]
Initial up nv
10%  Up O
Down CA )
20%  [Up J2N
Down 05)
30%  Up |
Down~\¥\/
40%  PpA X[
Down
50 % Up
Down
60 % Up
Down
70 % Up
Down
80 % Up
Down
90 % Up
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Table 4 (continued)
Down
100% Up
Down
Avg. Up
Avg. Down
Table 5 — Cyclic flow filter element multi-pass report sheet
Test laboratory: Testdate: _______ Operator: ____________
Filter and elementidentification
Element ID: Housing ID:
Spin-on: YES / NO Minimum element bubble point (Pa): __" 1. ___ | __
Operating conditions
Test fluid
Type: Ref.: Batchno.._______| -
Viscosity ait the test temperature (mm?2/s): Temperatare (°C):
Antistatic Yes _____ No_____ Type: _______________ Conductivity (pS/m): __________| _
Test contpminant
Type: ISO[12103-1 A2 test dust (ISO FTD) Batchno..
Test syst¢m
Flow rate$, (I/min): Max, q¢: __________ Average, c_l R Cyclerate: __________ cycles/min
(for user dpecified cyclic conditions, attach a complete descriptien/of the flow waveform)
Initial voliime (1): ______ Final volume (1): ______ Average basewupstream gravimetric level, Eb (mg/D):_____|
Injection|system
Injectjon parameters Initial Final Average injection parameters
System vdlume (1) Injection flow (_]i (1/min)
Gravimettic level (mg/1) Gravimetric level, Ei (mg/1)
Counting|system
Location Counter and sensor ref. Flow rate (ml/min) Dilution rdtio
Upstream,
Downstrepm
Counter cglibration: Method: Date: ___________| [ __
Test resufts
Element integrity.
Bubble pojint to1SO 2942 (Pa): Test fluid:
Differentjalpressure
Filter housing (kPa): Clean assembly (kPa):
Clean element (kPa): Final element (kPa):
Differential pressure versus contaminant added
Time interval | Testtime Element Ap Injected |Time interval| Testtime Element Ap Injected
(min) (kPa) mass (g) (min) (kPa) mass (g)
10 % 60 %
20 % 70 %
30 % 80 %
40 % 90 %
50 % 100 %
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Table 5 (continued)

Retention capacity
ISO FTD mass injected m; (g): ISO FTD retained capacity my (g):

80 % upstream gravimetric level cg, (mg/1):
Filtration ratio o ,

Average filtration ratio 2 10 75 100 200 1000
Particle size, x, um(c)

Stabilized downstream test results

_ Filter 1SO FTD Stabilized ISO 11218 cleanliness classes
Ap point element Ap e i N N L N
(kPa) J hs L ) ORIy L HHAL)
2,5% Q‘l,b‘
80 % AV
Particle cgunts per mL and filtration ratio <n,'.)
Time inferval |d > o |d> o |d> o |d> o |d> Qﬁ o |d> o
pm(c) pm(c) pm(c) pm(c) pm(c)* pm(c]
Initia] up (@)
0%  [Up N
Down ) O\
20%  p e\
Down \\Q -
30%  [Up N
Down _\{\Q
40%  [Up N~
Down \’\\Q
50 % Up M
Down =
60%  [Up C)\\V
Down .
70%  Up 2N
Down C)V
80 % Up ’
Down Cw\%
90%  p JROM
Down Av‘s
100% [Up NV
Downy |
Avg. U@ )
Avg. Down
Stabilization test results (downstream particle counts)
Ap point
2,5%
80 %

12.2.6 Determine the 80 % stabilized ISO 11218 cleanliness classes for the above size ranges from the
averaged stabilized downstream particle counts and record in the report sheet given in Table 4 and Table 5.
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12.2.7 Calculate and record the corresponding filter element differential pressure, obtained by subtracting the
housing differential pressure from the 80 % filter assembly differential pressure, Apg o, calculated in 11.2.5.

12.2.8 Calculate and record in the report sheet given in Table 4 and Table 5 the contaminant injected to
Apgq o, using the time, tgg o, from 11.2.16, using Formula (26):

€80 %

(tso%XEiX‘_h)
1000

13 Identification statement (reference to this document)

Use the fd

“Method
Hydraulic

for determining filtration performance data in accordance with ISO 14085-3, Aerospac
Filter elements — Test methods — Part 3: Filtration efficiency and retention capacity.”
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llowing statement in test reports, catalogues and sales literature when electing to confofm to this
document:
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Annex A
(normative)

Properties of test fluid to evaluate performance of hydraulic fluid
systems filter elements

A.1 Prqperties of mineral oil stock

— pour point (max.) -60 °G;
— pour point (max.) 82 °C;
— acid or base number, mg KOH/g (max.) 0,10.

A.2 Additive materials

— viscopity/temperature coefficient improvers: not to exceed 20 % (by(mass);
— oxidaltion inhibitors: not to exceed 2 % (by mass);

— anti-year agent such as tricresyl phosphate: (0,5 * 0,1) % (by mass);

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

A.3 Properties of finished oil

— viscdsity:
1) at 40 °C (min.) 13,2 mm?2/s;
2) at 100 °C (min.) 4,9 mm?/s;
3) at - 40 °C (max.) 600 mm?/s;
4) at - 54 °C (n1ax) 2 500 mm?/s;

— pour|point (max.}+60 °C;
— flash|point with closed cup (min.) 82 °C;

— acid pr-base number, mg KOH/g (max.) 0,20;

— rubber swell, standard synthetic rubber119 % to 30 %;
— evaporation loss (max.) 20 %;

— copper strip corrosion (ASTM standard, max.) No. 2e;
— water content (max., parts per million by mass) 100;

— steel-on-steel wear (average wear scar, max. dia.) 1 mm;

— chlorine (max., parts per million by mass) 50.
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