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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.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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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 needs to be controlled to levels
that are considered appropriate for the system concerned.

Different principlesare used to control the contamination level of the fluid by removing solid contaminant
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fromn one system to another, the measurements cannot be expected to duplicate actual perf
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Ficles; one of them uses a filter element enclosed in a filter housing. The filter element.s
ice that performs the actual process of filtration. The complete assembly is designated af

performance characteristics of a filter are a function of the element (its mediumand geo
housing (its general configuration and seal design). For a given filter, the actual perfor
Ction of the characteristics of the liquid (viscosity, temperature, conductivity, etc.), the |
bension (size, shape, hardness, etc.), and the flow conditions.

andard multi-pass method for evaluating the performance of hydraulic fluid filter elem
dy state conditions has been developed and used for several yéars, and is referred tg
raft hydraulic systems specifications.

taircrafthydraulic systemsare subjected to unsteady flowwith flow cycles caused by such
ctuator movement. Such flow variations can have a sighificant impact on filter perfo

r can be selected, it is necessary to perform testing,with the same standard operating ca

5 part of [ISO 14085 describes two test methods and the equipment required to measur
r element performance with multi-pass flowin both steady and cyclic conditions.

influence of other stressful operating ¢énditions, such as heat, cold, and vibration, are no
h this procedure alone. The influencelof such conditions is determined with pre-conditig
formed on the test filter elementprior to efficiency testing (refer to ISO 14085-1 for des
h tests and when they are applied).

stabilized contamination-level measured while testing with cyclic flow gives an indic3
Fage contamination level' mdintained by the filter in a dynamic operating system. The aver
famination level is important in establishing wear rates and reliability levels.

measurements areinade with precise control over the operating conditions in particular
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5 part of ISO 14085 describes two methods to measure in repeatable conditions th
Ciency of filter elements used in aviation and aerospace hydraulic fluid syStems. It can
n evaluating the overall characteristics of a filter element per ISO 14085+1;-or separately

e the filtration efficiency of a filter element can change during its seryvice life as it is cldg
method specifies its continuous measurement by using on-line papticle counters with
ction of test contaminant and recirculation of particles not retained by the test filter el
differential pressure across the element reaches a given final,or“terminal” value.

5 part of ISO 14085 allows the efficiency to be measured tinder both steady or cyclic flow
so is applied to measure the stabilized contaminationJevels that are produced by the fil

5 part of ISO 14085 is not intended to qualify a filter element under replicate conditions
can only be done by a specific test protocol-developed for the purpose, including actual
se, for example the operating fluid or contamination.

testsdataresulting from applicationofthis part of ISO 14085 canbe used to compare the pe
prospace hydraulic filter elements:

Normative references

following documents, in/ whole or in part, are normatively referenced in this docume

1219-1, Fluidpower systems and components — Graphical symbols and circuit diagram
bhical symbols for conventional use and data-processing applications

ne first bubble point

b filtration
be applied

gging, this
Ccontinuous
ment until

conditions.
er element

of service;
conditions

rformance

nt and are

spensable for its application. For dated references, only the edition cited applies. F¢r undated
rences, the latest edition of the referenced document (including any amendments) appligs.

n

— Part 1:

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

ISO

3960, Hydraulic fluid power — Fllters — Evaluation of dijjerential pressure versus flow cha

racteristics

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

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

ISO
ISO

5598, Fluid power systems and components — Vocabulary

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

ISO 11943, Hydraulic fluid power — On-line automatic particle-counting systems for liquids — Methods of
calibration and validation
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ISO 12103-

3 Term

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

s and definitions

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

3.1

contaminant mass injected
mass of specific particulate contaminant injected into the test circuit to obtain the terminal
differential pressure

3.2

cyclic flow
change of f]
waveform

3.3

low from the specified rated flow rate to 25 % of rated flow rate at a specified frequéency

differential pressure

Ap
difference
specified c

between the inlet and outlet pressures of the component undex tést, as measured ur
bnditions

Note 1 to enftry: See Figure 1 and Figure 2 for graphical depiction of differentiglpressure (3.3) terms.

3.31
clean asse
difference
housing co

3.3.2

mbly differential pressure
between the tested component inlet and outlet-pFessure as measured with a clean f
htaining a clean filter element

clean element differential pressure

differential
differential

3.3.3

pressure (3.3) of the clean element calculated as the difference between the clean assen
pressure (3.3.1) and the housing differential pressure (3.3.4)

final assembly differential pressuré

assembly ¢
pressures (|

3.34
housing d
differentia

3.3.5
terminal ¢
maximum

ifferential pressure at end-of test equal to sum of housing plus terminal element differer
B.3.5)

fferential preSsure
pressure ofthe filter housing without an element

lement differential pressure
differential pressure across the filter element as designated by the manufacturer

and

der

lter

nbly

tial

or

specificati‘pn to limituseful pprfnrmanp

3.4

filtration ratio
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 (3.4) are designated with the Greek letter beta, .

Note 2 to entry: For cyclic flow (3.2) testing, the filtration ratios (3.4) 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

2
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3.6

rest conductivity

electrical conductivity at the initial instant of current measurement after a dc voltage is impressed
between electrodes

Note 1 to entry: It is the reciprocal of the resistance of uncharged fluid in the absence of ionic depletion or
polarization.

3.7
retention capacity
mass of specific particulate contaminant effectively retained by the filter element when terminal

elethent differential pressure is reached
Y
-2
-1
L3 b5
4
X
Key
X [test time or mass injected 3 clean element differential pressure
y |differential pressure 4 housing differential pressure
1 [final assembly (end of test) diffetential pressure 5  clean assembly differential pressure
2 [terminal element differential pressure
Figure 1 — Differential pressure conventions for multi-pass test with steady flow

© IS0 2015 - All rights reserved 3
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Key
X  testtim

Y differen

i

-
N A A =

e or mass injected

tial pressure

1 final assembly (end of test) differential pressure

2 terming
rate (gj

Fi

4 Symb

1 element differential pressure at test flow

ols and abbreviated terms

5

clean element differential’préssure at test flow rage

(1)

housing differential pressure at test flow rate (gr)

4 X

clean assemblydifferential pressure at test flow rate

(an)

pure 2 — Differential pressure conventions:for multi-pass test with cyclic flow

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

4.2 The letter symbols used in tHis)part of ISO 14085 are shown in Table 1.

Table 1 — Letter symbols

Symbgl Unit Description or explanation
A ux particles/ml Overall average upstream count greater than size, x
2 ix particles/ml Overall average downstream count greater than size, x
c b A Average-base-upstreatrgravimetriclevel
cp' mg/l Desired base upstream gravimetric level
c i mg/l Average injection gravimetric level
ci' mg/l Desired injection gravimetric level
€80 mg/l Test reservoir gravimetric level at 80 % assembly 4p
m G Mass of contaminant needed for injection
Me G Estimated filter element capacity (mass injected)
mj G Contaminant mass injected
my, G Contaminant mass injected at element differential pressure

© ISO 2015 - All rights reserved
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Table 1 (continued)
Symbol Unit Description or explanation
mR G Retained capacity
n None Number of counts in specific time period
Ny,x,j particles/ml Number of upstream particles greater than size, x, at count, j
N x,j particles/ml Number of downstream particles greater than size, x, at count, j
N xt particles/ml Average upstream count greater than size, x, at time interval, ¢
N e particles/ml Average downstream count greater than size, x, at time ir;\tesval, t
Ap Paor kPa (bar) |Differential pressure Q,Q .
Apt Paor kPa (bar) |Final assembly differential pressure P fb 7
Apn Pa or kPa (bar) |Netassembly differential pressure ~ \S)
Ap2,5 9 Pa or kPa (bar) |Assembly differential pressure after increKM 2,5 % netdp
Apsgo % Paor kPa (bar) |Assembly differential pressure after ip@as:e of 80 % net 4p
- 1/min Average filter test flow rate \‘0
as X
qd 1/min Discarded downstream sa low rate
qr 1/min Filter rated flow (maxinxlgf\l{)w for cyclic conditions)
qi’ 1/min Desired injection flow\la}zz
‘_Zi 1/min Average injecticir&g&v rate
qQu 1/min Discarded g@?r‘eam sample flow rate
t min Test ti%\\
t' min Pre}}iet;d test time
tr min (Fhﬁl’test time
tp min \’ 'I"est time at element differential pressure
t2,5 % min_ O\\‘ Test time at beginning of 2,5 % stabilization period
t80 % min Test time at beginning of 80 % stabilization period
Vit \Cb\{ Final measured injection system volume
Vii (\(0\ 1 Initial measured injection system volume
Viin S ~ 1 Minimum required operating injection system volume
Vee \0‘( 1 Final measured filter test system volume
‘I/Vv 1 Minimum validated injection system volume
%'} x2 pum(c) Particle sizes
B x None Filtration ratio at particle size, x (steady flow)
B xt 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 x None Filtration ratio at particle size, x, (cyclic flow)
O xt None Filtration ratio at particle size, x, and time interval, ¢ (cyclic flow)
Gy None Average filtration ratio at particle size x, (cyclic flow)

© ISO 2015 - All rights reserved
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5 Test procedure overview

5.1 Setu
5.2
5.3

5.4

p and maintain apparatus in accordance with Clause 6 and Clause 7.

Validate equipment in accordance with Clause 8.
Run all tests in accordance with Clauses 9, 10, and 11.

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

6 Test ¢quipment and supplies

6.1 Suitg

6.2 Sam
per millilits

6.3 Mem
analysis in

6.4 Test
dried at 11

Ensure that the ISO FTD used conforms to all the requirenients of ISO 12103-1 grade A2, especially

volume pai

NOTE1 1]
Secretariat

NOTE 2
be prepared

NOTE3 1§

agitate, then disperse ultrasonically iman-ultrasonic bath that has a power density of 3000 W/m2 to 10 000 W

provided it

6.5 Test

Another st
results obt]

The tempe]
kinematic

IIf the total quantity of ISO Fine Test Dustneeded is greater than 200 g, batches not exceeding 200 g

|ble timer

ble bottles, use applicable sample bottles containing less than 100 particlesgreater than 6 un
e of bottle volume, as qualified per ISO 3722, to collect samples for gravimetric analyses.

brane filters and associated equipment, suitable for conducting gravimetric contamina
accordance with 1SO 4405.

contaminant, use ISO Fine Test Dust (ISO FTD), grade A2 in accordance with ISO 1210
0 °C to 150 °C for not less than 1 h for quantities less*than 200 g.

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

'his dust is commercially available. For availability of ISO Fine Test Dust, contact the ISO Cer
pbr member bodies of ISO.

to make up the amount required,

or use in the test system, itis-tecommended to mix the test dust into the test fluid, mechani

has been demonstrated-that ultrasonic energy used does not affect the fluid viscosity.

fluid, petroleunt-base test fluid with properties as detailed in Annex A.

hndard test.fluid shall be used provided there is agreement between parties. Only filter
ained withythe same fluid shall be compared.

rature of the test fluid, during the test, shall be controlled at a value to result in a test f
/iSeosity of 15 mmZ2/s £+ 1 mm?2/s.

n(c)

fion

tral

can

ally
m2

test

Juid

NOTE 1

practices, other 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 Particle counting systems

The use of this hydraulic fluid ensures greater reproducibility of results and is based upon current

6.6.1 An online automatic particle counting system, per ISO 11943, shall be used to determine the
number and size distribution of the contaminant particles in the fluid. An online dilution system might

© ISO 2015 - All rights rese
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be required to ensure that the particulate concentration in the fluid sampled by the automatic particle
counters does not exceed the saturation limits specified by the automatic particle counter manufacturer.

The automatic particle counters, including the on-line dilution system, if applicable, should be validated
for on-line counting in accordance with 1SO 11943.

6.6.2 A turbulent sampling means, in accordance with ISO 4021, shall be located upstream and
downstream of the test filter element in order to provide fluid sample flow to the automatic particle
counters. The design of the sampling system shall be such as to minimize lag time in fluid flow to the
automatic particle counters. The portion of the samphng flow not passmg through the automatic particle
Cou lLClD wdall bC lCLul ucd A4 v tllC fl}LCl C}Clllclll. LCDL C Il \,blll. ICoCI VUIL Vid d b_y lJClDD }lllC F}UVV Y rough the
autpmatic particle counters can also be returned to the filter element test circuit reservoir proyided it has
notjbeen 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 SO 11171 for the dppropriate
parficle sizes. Use the recommended particle sizes given in Table 3 unless otherwise agreed.

6.7| Test housing and free flow dummy element

6.7]1 The service filter housing shall be used whenever possibleand it shall be installed in a normal
seryice attitude. If this housing contains a by-pass valve, it shall Be blocked and tested for zerq leakage at
twige the normal cracking pressure.

6.7)2 Ifaservice filter housing is not available, the testtiousing shall duplicate the inside comfiguration,
including size, direction, and location of the inlet and, gutlet 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
thejactual 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 filterelement differential pressure. The free flow dummy el¢ment shall
be the same as the test element without the filter media. If the test filter element is not constrycted with a
rigifl core, the dummy element shall be provided with a core having a minimum open area eqyial to twice
the|filter element outlet area((the internal cross-sectional area of the filter assembly outlet fube) and a
diameter approximating the.jhside diameter of the media pack.

6.8| Filter performance test circuits

Thefilter perforinance testrequires two separate circuits: a filter element test circuit, and a cqntaminant
injeiction cireuit. Schematic diagrams of typical filter performance test set-ups used to measufe filtration
effigiency.insteady and cyclic flow conditions are shown in Annex B.

6.8]1C+Filter element test circuit, consisting of the following.

6.8.1.1 A reservoir with a smooth conical bottom that has an included angle of not more than 90°, pump,
fluid conditioning apparatus, and instrumentation that are capable of accommodating the range of flow
rates, pressures, temperatures, and volumes required by the procedure, and is capable of meeting the
validation requirements of Clause 8.

6.8.1.2 A clean-up filter capable of providing an initial system contamination level as specified in Table 3.

6.8.1.3 A configuration that is insensitive to the intended operative contaminant level.

6.8.1.4 Aconfiguration thatdoesnotalter the test contaminant distribution over the anticipated test duration.

© IS0 2015 - All rights reserved 7
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6.8.1.5 Pressure taps in accordance with ISO 3968.
6.8.1.6 Fluid sampling sections upstream and downstream of the test filter in accordance with ISO 4021.

6.8.1.7 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.

6.8.1.8 For cyclic flow testing, a cyclic flow by-pass line equipped with an automatically controlled
shut-off valve (e. g an electrlcally -actuated ball valve or poppet type Valve Wthh has been shown to be
satisfactor . : 3 at the
test freque cy shall be used

parts, the first including a flow rise period (25 % to 100 % of the test flow rate, gf) and a constant 100 %
flow period, followed by the second partincluding a flow decay back to 25 % gfand a constant 25 % fllow
period. This is accomplished via the solenoid operated shut-off valve and the flow control valve in|the
by-pass cirjcuit shown in Figure B.2 or using an alternate acceptable method. The set-up should be quch
that the flgw cycle falls within the limits set forth in Figure 3.

The flow ccling set-up shall be capable of cycling at 0,1 Hz. Each 10 s cycle shall consist of two e})ual
|

Y 1
100
75
50
2
25H 3 4
</
0\|||\||\|\\||||\||\||||
0 2 4 6 8 10 12
X
key
x  time affer start of flow cycle 2 25 9% offilter rated flow, 0,25 g
y  differential pressure 3 risetime=0,1sto0,2s
1 filter rated flow, g¢ 4 falltime=0,1st00,2s

Figure 3 — Flow cycle waveform

Alternativg¢ly, any otherspecified frequency or cycle waveform (minimum or maximum flow, and risepnd
fall times) fan be used;for the test provided there is agreement between parties. However, a validafion
shall be sufcessfully performed at these alternate conditions per 8.2, and the cyclic conditions shalll be
clearly delineatedini the test report.

Alternativ¢ €yclic conditions willlikely affect the testresults, bothin efficiency and stabilized cleanlinfess;
therefore, when maKing comparisons between [1lters, only one condition should be used.

NOTE The solenoid operated shut-off valve and the flow control valve in the by-pass circuit are the primary
differences 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 90°,
pump, fluid conditioning apparatus, and instrumentation that are capable of accommodating the range of
flow rates, pressures, temperatures, and volumes required by the procedure and capable of meeting the
validation requirements of Clause 8.

6.8.2.2 A configuration that is relatively insensitive to the intended contaminant level.

8 © IS0 2015 - All rights reserved
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6.8.2.3 A configuration that does not alter the test contaminant particle size distribution over the
anticipated test duration.

6.8.2.4 A fluid sampling section in accordance with the requirements of ISO 4021.

6.8.2.5 A clean-up filter capable of providing an initial injection system contamination level as
specified in Table 3.

6.8.2.6 A turbulent means for transferring fluid from the contaminant injection system to the filter

elementtest system reservoir to yip]r‘ an-injection flow rate up-to 0,25 ]I/min

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

NOTE1 The injection flow should be set as low as possible to minimize any influende-of contamingnt removed
by the downstream fluid discarded. The injection system is to be validated at the minimum flow ratq (see 8.3).

NOTE 2  Turbulence is not always possible or guaranteed by calculation. Long straight lines shouldnot be used.
A vglidation ensures that the system is satisfactory.

NOTE 3  The injection fluid volume can be increased, which will requifean increase in the amount of test dust
proportionately.

© IS0 2015 - All rights reserved 9
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7 Instrument accuracy and allowable test condition variation
7.1 Utilize and maintain instrument accuracy and test condition variations within the limits in Table 2.

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

Table 2 — Instruments accuracy and test conditions variations

Instrument |
Test parameter SI Unit accuracy () of ov:/zri:tsioflo(i) &
reading
Electrical cpnductivity pS/m 10 % —
Differential pressure Pa, kPa or bar 5% ~
Base upstr¢am gravimetric mg/1 — 10 %
Flow:
Injection flpw ml/min 2% 5%
Test flow 1/min 2% 5%
APC sensorjand dilution flow rates 1/min 1,5% 3%a
Kinematic yiscosity mm?2/s b 2% 1 mm?2/s
Mass g 0yI*mg —
Temperatufe °C 1°C 2°Cc
Time S 1s —
Injection system volume 1 2% —
Filter test slystem volume 1 2% 5%
a  Sensor flow variation to be included in the overall 10:% allowed between sensors.
b 1 mm2/§ =1 cSt (centistoke).
¢ Orasrefjuired to comply with the viscosity.tolerance.

Table 3 — Test conditions values

35

Initial contamination level for filter test systems: |Less than 1 % of the minimum number specified in Table
measured at the minimum particle size to be counted.

Less than 1 % of injection gravimetric level.
3+0,30r10+1,0

Minimum of five sizes selected to cover the presumed filter
performance range from S or ¢ = 2 to f or 0 = 1 000. Typidal
sizes are: (4,5, 6,7, 8, 10, 12, 14, 20, 25) pm (c).

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

Initial contpmination levé€lfor injection system:

Base upstr¢am gravimetric level, mg/1: a

Recommenfed particle counting sizes: b

b Particle sizes where filtration ratios are low (8 or o = 2, 10...) can be unobtainable for fine filters and particle sizes where
betas are high (foro=..,200,1 000) can be unobtainable for coarser filters.

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

NOTE 1 This is the ratio of volume to flow rate required by the filter test.
NOTE 2  Itis recommended that the fluid volume be numerically equal to 50 % of the maximum flow rate for

flow rates less than or equal to 60 I/min with a minimum volume of 5 1. For flow rates greater than 60 I/min, it is
recommended that the fluid volume be numerically equal to 25 % of the flow rate greater than 60 1/min.

8.1.3 Clean-up the contents of the reservoir until the cleanliness complies with the level stated in Table 3.

8.1
as s

8.1
par

4 Contaminate the system fluid to the lowest base upstream gravimetric level to be\use
hown in Table 3 using ISO FTD test dust and circulate for 15 min.

5 Verify that the flow rate through each particle counting sensor is equal-to the value y
ficle counter calibration within the limits of Table 2.

d in testing

sed for the

8.1)6 Circulate the fluid in the test system for an additional 60 min; conducting continjous online

autpmatic particle counts from the upstream sampling section for the 60 min period. Sampl¢ flow from

thig section shall not be interrupted for the duration of the validation.

8.1]7 Record cumulative online particle counts at equal time intervals not to exceed 1 thin for the

durption of the 60 min test at the particle sizes selected from those given in Table 3, including the 25 pm

(c) particle size.

8.118 Accept the validation test only if:

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

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

c) |[there is less than a 10 %)difference between the cumulative particle count obtainefl from the
upstream automatic particle counter at each counting interval in each particle size rarjge and the
cumulative particle(count obtained from the downstream automatic particle counter fdr the same
particle size duringthe corresponding count interval.

NOTE Validation/s required only at particle sizes to be used in the filter performance test.

Table 4 — Validation Counts for ISO FTD

Particle Acceptable cumulative particle counts per millilitre 2
size i tri
€ ric
3 mg/1 10 mg/1
um(c) minimum maximum minimum maximum
4 9 000 11 000 30000 36700
5 5000 6 100 16 600 20400
7 1370 1780 4730 5790
10 330 450 1160 1440
15 90 125 300 420
20 38 54 125 180
a  The minimum and maximum values are based on particle counts determined by a round robin conducted with automatic
particle counters calibrated in accordance with ISO 11171, with a calculated variation based on the Poisson distribution.
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Table 4 (continued)
Particle Acceptable cumulative particle counts per millilitre 2
size . . . .
Base upstream gravimetric Base upstream gravimetric
3 mg/l 10 mg/1
25 15 | 25 53 | 79
a  The minimum and maximum values are based on particle counts determined by a round robin conducted with automatic
particle counters calibrated in accordance with ISO 11171, with a calculated variation based on the Poisson distribution.

8.1.9 Valjdate the online particle counting system, and dilution systems if used, in accordance with
ISO 11943,

NOTE Yalidation is required only at particle sizes to be used in the filter performance test.
8.2 Cyclic flow filter test system validation

8.2.1 Valjdate the ability of the cyclic flow system to achieve the required flow ‘waveform showh in
Figure 3 at|the minimum and maximum filter rated flows for which the test stand.is intended for use

8.2.2 Valiidate the cyclic flow filter test system at the minimum flow rate at which it is to be operated.

8.2.3 Valiidation shall be performed while cycling at the minimum®filter flow rate, gf, at which the f{lter
test systenl is to be operated.

8.2.4 Valiidate the cyclic flow at 0,1 Hz (6 cycles/min), usingthe waveform shown in Figure 3.

8.2.5 Install a pipe and valve in place of the filter housing during validation. The pipe and valve shall
be selected so that they produce the maximum,differential pressure expected during testing at|the
maximum flow rate.

8.2.6 Adjust the total fluid volume of the filter test system (exclusive of the clean-up filter circuit) quch
that it is numerically within the range of 25 % to 50 % of the maximum volume flow rate, with a mininjum
volume of § L.

NOTE1 [tis recommended thatthe system be validated with a fluid volume numerically equal to 50 % of the
maximum t¢st volume flow rate fob flow rates less than or equal to 60 I/min, or 25 % of the maximum test volfime
flow rate fof flow rates greatérthan 60 I/min.

NOTE 2  This is the ratig 6f volume to flow rate required by the filter test procedure (see 10.3.4).

8.2.7 Valjidate the online particle counting system and dilution systems, if used, in accordance With
ISO 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 3.

8.2.9 Contaminate the system fluid at the minimum base upstream gravimetric level to be used as
shown in Table 3, using ISO FTD test dust, and circulate for 15 min.

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 2.

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 the sensor shall not be returned to the reservoir.
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8.2.12 Record cumulative online particle counts at equal time intervals not to exceed 1 min for the
duration of the 60-min test at the particle sizes shown in Table 3.

8.2.
a)

13 Accept the validation only if

the on-line particle counting system and dilution system were successfully validated in accordance

with ISO 11943,

b) 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,

)

d)

8.3

8.3
con
inje
of t

8.3
thel

8.3

system from the volume (Vj;) and gravimetric level (c;") per 8.3.1, according to the Formula (1):

8.3
and

8.3

temperature has-stabilized, collecting this flow externally from the system. Maintain the inj

ratd
the
flui

the average of all cumulative particle counts per millilitre are within the range of accept
shown in Table 4, and

there is less than a 10 % difference between the cumulative particle countiobtaine
upstream automatic particle counter at each counting interval in each partiele size rar
cumulative particle count obtained from the downstream automatic particle counter fg
particle size during the corresponding count interval.

Contaminant injection system validation

1 Validate at the maximum initial injection system volume {Vj;) to be used per 10.2.3, thd
faminant injection system gravimetric level (ci) specified per 10.2.4, the minimum c
ction flow rate (g;'), and for a length of time required to.deplete the complete usable volum
le contaminant injection reservoir.

2  Pre-clean the contaminant injection fluid syStem to achieve the fluid cleanliness given
 by-pass the clean-up filter system.

hble counts

1 from the
ge and the
r the same

maximum
ntaminant

e (Vii Vimin)

in Table 3,

3 Calculate the required amount ofx¢ontaminant (m) to be added to the contaminant injection

:(Vii xc})
1000

4 Add the required-quantity of contaminant (m) to the contaminant injection system res
circulate for a minimtum of 30 min.

5 Start the)timer and initiate injection flow from the contaminant injection systen|

at the stabilized temperature to within +5 % of the desired injection flow rate (g;) for the
validation. Obtain an initial sample at this point and measure the injection flow rate by co
1 in a calibrated measuring cylinder for a measured duration of time not less than 30 s.

@)

ervoir fluid

), once the
bction flow
duration of
llecting the

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, Vs,

8.3.9 Validation requirements: The contaminant injection system shall be considered validated only if

the

criteria listed below are met.
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samples, and within * 10% of the desired gravimetric level (c;") per 8.3.1.

rates, and within +5 % of the desired injection flow rate (g;').

The gravimetric level of each sample, analyzed in 8.3.7, shall be within +5 % of the average of the

The injection flow rates, measured in 8.3.6, shall be within +5 % of the average of the injection flow

The volume remaining in the injection system (V) plus the volume of fluid expelled during the

validation, calculated as: (average injection flow rate) x (total injection time), is equal, within £10%,
to the initial injection system volume (Vj;).

a)

b)

c)

9 Sum
The follow
a) fabricz
b) filtere
c) termin
d) the prg
e) the prg
f)  fluid;
g) fluid te
h) fluid v
10 Preli)
10.1 Test
10.1.1 En

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

element sh

NOTE1 1

NOTE 2
test can be ¢
thatalowa

If the elementisnotreadily accessible, as in the case of a spin-on configuration, the fabrication integd

ary of information required priorto testing
ng information is needed prior to applying this standard to a particular filter element:
tion integrity test pressure (see ISO 2942);
lement test flow for steady flow test and maximum test flow (gr) for cyclidflow test;
al element differential pressure;
b sumed micrometre values for specific filtration ratios;

e sumed value, me, of the filter element capacity (mass injected);

bmperature;

scosity.

minary test preparation
filter assembly

ure that test fluid cannot by=pass the filter element in the housing to be evaluated.

nll be disqualified fron further testing if it fails to exhibit at least the designated test press

'he test fluid spécified in 6.5 can be used for fabrication integrity testing.

onducted\fellowing the multi-pass test, with the element removed. However, it should be appreci
nd, perhaps, unacceptable first bubble point value determined in such a case does not mean that

a value wou|

d Have been obtained if the fabrication integrity test had been conducted before the multi-pass

The
ure.

rity
hted
uch
est.

NOTE 3

test filter element before installing it in the test filter housing.

10.2 Contaminant injection system

10.2.1 Cal

culate the average test flow rate ( g; ) using Formula (2) or Formula (3):

for steady flow tests: q¢ =q;

for cyclic flow tests: g; =

14

M:0’625qu

Unless the test fluid was used for fabrication integrity testing, allow the fluid to evaporate from the

(2)

(3)
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10.2.2 Select a desired base upstream gravimetric level (c;") from Table 3 so that the predicted test
time (t) calculated using Formula (4) is preferably in the range of 1 h to 3 h, based on the simple average

test flow rate, q¢, calculated using Formula (2) or Formula (3):

, 1000xm
= ,—_e (4)
cy Xqf
NOTE1 Asecond filter element can be tested for capacity analysis if the value of the estimated capacity (me) of

the test element is not supplied by the filter manufacturer.

NOTE 2

gray

10.
pre

NOT
test

A vi
san

higher injection flow rates can be used provided that the base'upstream gravimetric level is n

The

10.

10.

temlperature) to the value determined in 10.2.3, and record the result on the report sheet given

10.]

10.
flui

Predicted test times of less than 1 h or longer than 3 h are acceptable as long as the base upstream

rimetric level chosen is maintained.

P.3 Calculate the minimum required operating injection system volume that is compatih
licted test time, t', and a desired value for the injection flow using Formula (5);

Vi =(12xt'xq; )+V,

E The volume calculated using Formula (5) ensures a sufficient quantity of contaminated flui
filter element plus 20 % for adequate circulation throughout the test. Largerinjection system volumes

1lue for the injection flow rate (g;") of 0,25 1/min is commonly-ised and ensures that the d
ple flow expelled from the filter test system does not significantly influence the test result

injection flow rate should equal or exceed the valueised for injection system validation|

P.4 Calculate the desired gravimetric level (c;")0fthe injection system fluid using Formuld
rC a
e, =b X"If
qi

P.5 Adjust the total initial voluime, Vj;, of the contaminant injection system (measured

.6 Calculate the mass ofcontaminant needed for the contaminantinjection system (m) using H

_Ci XVii
1000

P.7 Priofto'the addition of the testdustto the contaminantinjection system, verify thatthek
l contdimination level is less than specified in Table 3.

10.

le with the

(5)

1l to load the
canbeused.

pwnstream

s. Lower or
haintained.
in 8.3.1.

1 (6):

(6)

at the test
in Figure 3.

ormula (7):

(7)

ackground

.8 Prepare the contaminant injection system to contain the quantity of fluid, Vi, and

juantity of

ISO FTD, m, (see 10.2.6) using the same procedure that was used for the contamination injection system
validation (see 8.3).

10.2.9 Adjust the injection flow rate at stabilized temperature to within £5 % of the value selected
in 10.2.3 and maintain that value throughout the test. Record the injection flow rate on the report sheet
given in Figure 3. During setup, return the injection flow directly to the injection reservoir.

10.3 Steady flow filter test system

10.3.1 Install the filter housing with a free-flow dummy element in the filter test system and thoroughly
bleed of air.
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10.3.2 Verify that the rest conductivity of the test fluid is maintained in the range of 1 000 pS/m to
10 000 pS/m, when measured at test temperature. If it is outside this range, either add anti-static agent
to increase the conductivity or more new fluid to reduce it.

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

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

test temperature such that the fluid viscosity is maintained 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
accordance with [SO 3968.

10.3.4 Ad

that its valfie in litres is numerically between of 25 % to 50 % of the average filter test volumeé)flow 1

qs,inl/mi

NOTE1 Ifthe designated test volume flow rate isless than or equal to 60 1/min, itis recomnrefided that the f]

test system
flow rate is
to 25 % of t

NOTE 2  Repeatable results require that the system volume be maintained censtant. The specified rang

ratios betw
size of the s
in the reser

10.3.5 Ad

10.3.6 Ini

ust the total fluid volume of the filter test system (exclusive of the clean-up filter circuit)quch

h, with a minimum value of 5 1.

fluid volume be numerically equal to 50 % of the test volume flow rate. If the designated test vol
breater than 60 1/min, it is recommended that the filter test system fluid volume'be numerically e
e test volume flow rate.

ual

ben the test system fluid volume and the test volume flow rate from 1:4 to 1:2 minimizes the phy
stem reservoir as well as the quantity of test fluid required, whilé maximizing the mixing condit
yoir.

ust the particle counter thresholds corresponding te the particle sizes selected from Tabl¢ 3.

ate,

Iter
ime

e of
ical
ons

a)

b)

d)

16

iate online automatic particle counting by using the following procedure:

Set th¢ particle counters to count for either 30-second or 60-second intervals depending on|the
estimgted test time, t’, with the goal to obtain at least 35 data sets during the cyclic flow segment of
the filfer efficiency test. However, the minimum volume of fluid counted during each count shquld
notbe|ess than 10 ml. This necessitate§ lymin counts for automatic particle counters with operafing
flow rates of 10 ml/min.

Adjust{the upstream and downstream sampling flow rates to an initial upstream value compatjible
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 sampl|ing
points|during the entire test.

Adjustjthe upstreamyand downstream dilution flow rates if required for automatic particle countiing,
so thaflat the end oftesting, the flow rates and concentrations at the particle counters are compatible
with the instrument requirements.

NOTE 1
and wi

The upstream and downstream sensor flow rates should be set and maintained at these va
hitvthe limits specified in 8.1.5 and Table 2.

ues,

NOTE 2  Synchronize the counting periods of the two automatic particle counters as closely as possible.

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

If the upstream sample is diluted or filtered for online 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.
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10.3.7 Establish a fluid background contamination level less than that specified in Table 3.
10.3.8 Stop the test flow and particle counters.
10.4 Cyclic flow filter test system

10.4.1 Perform the tasks in10.3.1 through 10.3.5.

10.4.2 Start cyclic flow in accordance with the waveform in Figure 2.

10.4.3 Start recording particle counts with the automatic particle counters in thefilter element test
system per 10.3.6.

10.4.4 Establish a fluid background contamination level less than that specified in Table 3.

10.4.5 Stop the test flow and particle counters.

11|Filter element efficiency test
11.1 Steady flow test

11.1.1 Install thetestfilter elementintoits housingand subjectthe assembly to the specified te§t condition
(tedt flow rate and test temperature establishedin10.3.3 to maintain viscosity at 15 mm2/s + 1,0 mmZ2/s),
and| reaffirm fluid level.

11.1.2 Measure and record the cleaf'assembly differential pressure. Calculate and record the clean
element differential pressure by subtracting the housing differential pressure measured in 10.3.3 from
thelclean assembly differential pressure.

11.1.3 Calculate the final assembly differential pressure, Apf, by adding the terminal element differential
pressure to the housing differential pressure.

11.1.4 Measure and-tecord the initial system contamination level using online particle coynting from
upstream of the‘est filter element.

11.1.5 By=pass the system clean-up filter if the upstream contamination level is less than that specified
in Tbl€ 37 otherwise continue clean-up until the required cleanliness level is achieved.

11.1.6 Obtainasample from the contaminantinjection 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 Initiate the filter test by
a) allowing the injection flow to enter the filter test system reservoir,
b) starting the timer, and

c) diverting the downstream sample flow from the test system to maintain a constant system volume
within a tolerance of +5 %.
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11.1.9 Initiate online automatic particle counting by using the procedures given in 10.3.6.

11.1.10 Record upstream and downstream particle counts at equal time intervals until the
differential pressure across the filter assembly has increased to the terminal value calculated in 11.1.3.

11.1.10.1 Maintain the upstream and downstream sensor flow rates equal to the values chosen in
10.3.6 b), within the limits specified in Table 2.

11.1.10.2 Monitor and record the particle counter sensor flow rates throughout the test and maintain
within the limits cppr‘iﬁpd inTable 2

11.1.10.3 Use online dilution only when required to avoid exceeding the coincidence lifmit of|the
automatic particle counters, as determined in accordance with ISO 11171.

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

11.1.11 Record the assembly differential pressure at the beginning‘\of each particle cdqunt
throughout the test.

NOTE ontinuous differential pressure measurements using a différential pressure transducer |are
recommended for this purpose.

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

11.1.13 Conclude the test at the final assembly differential pressure by the following:
a) recordling the final test time, tg;
b) diverting the injection flow from the filtertest system;

c) stopping the flow to the test filter.

11.1.14 Measure and record-the final volume in the filter test system as Viy.
11.1.15 Measure and record the final injection system volume as Vijz.
11.1.16 Obtain afluid sample for determining final injection gravimetriclevel from the contamigant

injection system.

11.1.17 Rémove the filter element and check that no visual evidence of filter element damage|has
occurred a$ axesult of performing this test, and report any observations accordingly.

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

11.2 Cyclic flow test

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

11.2.2 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.
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11.2.3 Calculate the final assembly differential pressure, Apf, by adding the terminal element differential
pressure to the housing differential pressure.

11.2.4 Calculate the net assembly differential pressure, 4py, by subtracting the clean element differential
pressure (see 11.2.2) from the terminal element differential pressure [see Clause 9c)].

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

Ap2,5 9 = Aps+ 0,025 x (App)

(8)

11.
par
spe
cled

11.

11.
to ¢

11.
test

Apgo o, = Aps+ 0,8 x (Apn)

P.6 Restart cyclic flow per 10.4.2. Record five upstream and downstreamcparticle cou
ficle size range. These are the blank counts. If the upstream contamination level is les
Cified in Table 3, by-pass the system clean-up filter, otherwise continue‘flowing the oil t
n-up filter, and collecting blank counts, until the required cleanliness(level is achieved.

P.8 Measure and verify the injection flow rate. The injection flow rate shall be continuously
nsure that the flow rate is maintained within the specified tolerances given in Table 2.

.9 Start flow from contaminant injection systemto the filter test system and simultaneouj
-recording timer. Record the initial injection flow rate. Monitor and maintain the requirg

9)

hts at each
5 than that
hrough the

.7 Obtain a sample from the contaminantinjection system. Label it{'Initial injection gravimetric sample”.

y measured

ly start the
d injection

flow rate, ci’, to within £5 %, throughout the cyglic flow segments of the test.

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

11.2.11 Record automatié\particle counts throughout the test, per 10.3.6.

11.2.12 Record the maximum differential pressure across the filter assembly during flow cycling
throughout the test. Gontinuous differential pressure measurements using a differentidl pressure
trarjsducer shall be used:

11.2.13 When the differential pressure across the filter assembly at maximum test floyv increases
to Ap2,5 v, as_ calculated with Formula (8), perform the following steps.

a) [Stop'contaminant injection.
b) Stanthe tastaracaordina timor and record the timor value ac o c o Start 2 cacandaru ti T
e e et UvIiip v, wmare TR IRV R e A g B (I HEA eIl A A A .
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 secondary timer.

NOTE

The stabilization time of 30 min is the time duration during the test when contaminant injection

is halted and fluid is circulated through the test filter element, allowing it to clean up the fluid. The fluid
contamination level during this period is recorded so that the stabilized contamination level can be determined.
The test procedure requires determination of the stabilized fluid contamination levels at filter element differential
pressures corresponding to increases of 2,5 % and 80 % of the net differential pressure.
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11.2.15

11.2.16

a)
b)

Atthe end ofthe 30 min stabilization time period, resetthe secondary timer, start contaminant
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 differential pressure.

When the differential pressure across the filter assembly increases to Apgg %, as calculated
with Formula (9), perform the following steps:

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

stop contaminant injection;

‘)
d)

stop th

divert

11.2.17
with the se

11.2.18
contamina
cyclic flow

Forfilter el
during the

11.2.19
the followi

a) record
NOTE
b) detern
systen
c) stopfl
d) stop fl
11.2.20
gravimetri

12 Calculation-and data reporting

e test-recording timer. Record the timer value as tggo,. Start the secondary timer;

all APC sensor flow to the test reservoir and close the discard valve, if open.

Continue recording particle counts for the stabilization time period of 30'hin, meast
condary timer.

At the end of the second stabilization time period, reset theé_secondary timer, g
nt injection, the external flow discard, and the test-recording timéer, and continue with
testing until the terminal filter assembly differential pressure isattained

bments with efficient filtration medium, and /or small filtratiof areas, Terminal dP can be achig
B0 minute stabilization period. The 80 % test time should then be used for the 100 % point.

When the required terminal test filter assembly,differential pressure is reached, perf
hg:
final test time, ¢, as the test-recording timexvalue;
This time represents the total time that.eontaminant was injected into the filter test system.

ineandrecord the finalinjection flowrate, then stop injection flow from the contaminantinjec
and stop the test-recording timer-Record the final contaminant injection system volume, V;

1id sampling flow;

bw through the test filter’element system.

Collect another sample of the injection system fluid to determine the final injec
" level at completion of test.

red

tart
the

ved

DIrm

fion

fion

12.1 Filty

ation ratio and retention capacity

12.1.1 Establish 10 reporting times equal to (10, 20, 30 ... 100) % of the final test time (see 11.1.13 or
11.2.19) and record these times on the report sheet shown in Figure 4.

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

12.1.3 Calculate and record on the report sheet given in Figure 4 the element differential pressures
corresponding to each of the reporting times by subtracting the housing differential pressure from each
respective assembly differential pressure.

20
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12.1.4 For each particle count obtained during the test, 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.

12.1.5 Calculate the average upstream and downstream particle counts at each particle size, x, for each of
the 10 reporting times, ¢, by using Formulae (10) and (11) and the specific instructions in 12.1.5 a) to d).

n
D Ny

i—1
Nl])(f':]—

(10)

whg

NO1
inje

b)

d)

n

n
D Nax,

j=1
n

Nd,x,t =

bre
n is the number of particle counts started in the specific reporting time period.

E Use only the particle count data collected during the cyelic flow portions of the test when g

Ction was being performed. Do not include the data collected\during the two stabilization periodg.

Delete the particle counts corresponding to test&imes of 1 min, 2 min and 3 min. A
delete the particle counts corresponding to the test times of 1 min, 2 min, and 3 min af
stabilization periods.

NOTE
contaminant dispersion.

For the first reporting time (10,%), using Formulae (10) and (11), average the ups
downstream counts calculated in 12.1.4 for all the particle counts that were started
first reporting time [with the exception of the first three deleted in 12.1.5 a) above]. Rg
average counts on the repott sheet given in Figure 4.

For a total test time less than 30 min, there might be no data for the 10 % reporting; in th
entries should be\eft blank.

For the second/reporting time (20 %), average the upstream and downstream counts
in 12.1.4 for-all the particle counts that were started after the first reporting time and
second-reporting time. Record these average counts on the report sheet given in Figure

For the third through tenth reporting times (30 % to 100 %), repeat 12.1.5 c) in a simi

(11)

ontaminant

ditionally,
fer the two

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

tream and
before the
cord these

is case, the

calculated
before the
.

ar manner

using only the counts that were started in each reporting interval. Record these averag

P counts on

the report sheet given in Figure 4.

12.1.6 Using Formula (12) or (13), calculate the filtration ratios (fx¢ or o xt) corresponding to each of
the 10 reporting times by dividing the average upstream particle count by the average downstream
particle count at each size, x, corresponding to that respective reporting time. Round the results to three
digits of precision (e.g., 1,75; 20,1; 300), and record on the report sheet given in Figure 4.

N
for steady flow tests: Bxt=—2t

(12)
N d,xt
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for cyclic flow tests: oxt= M (13)
Nd,x,t

Particle counts shall be averaged, and average filtration ratios shall be calculated from these average
counts. Under no circumstances shall filtration ratio, § or o, values be averaged.

12.1.7 Using Formulae (14) and (15), calculate the overall test average upstream and downstream
particle counts by numerically averaging the 10 average counts from 12.1.5 corresponding to each of the
10 reporting times. Record the results on the report sheet given in Figure 4.

A ux=— N u,x,t (14)
A dx= N d,xt 15)
where

k  represents the number of reporting interval (1, 2, 3, ... 10) corresponding to the time intervals

ing Formula (16) or (17), calculate the overall average filration ratios, 8 x or &, by dividling

the overall[test average upstream by the downstream cumulative particle counts at each size, x unj(c).
Record the|results, to three digits of precision, on the report sheet given in Figure 4.

_ A

By === 16)
A d,x
A

&y === 17)
A d,x

12.1.9 Conduct a gravimetric analysistin'accordance with ISO 4405 on the two samples extracted from
the contanTinant injections system~(31.1.6 and 11.1.16 for steady flow tests or 11.2.7 and 11.2.2Q for
cyclic flow|tests). Report the gravimetric contamination results to the nearest 0,1 mg/l on the report
sheet giver] in Figure 4. Calculate-the average injection gravimetric level (¢ i) of the gravimetric levels of
the two inj¢ction system samples, and accept the test only if the gravimetric level of each injection system
sample is within £5 % ofc .

NOTE If ¢ ; diffepsf¥om the selected value ¢;' (from 10.2.4) by more than 5 %, repeat the gravimetric analyses.
If the rechgck differsvmore than 5 %, it is recommended that the contaminant injection system validation
procedure ih 8.3 be-repeated.

12.1.10 ——Comductagravimetricamatysisraccordance wittrtSO4465omtire 8695 upstreanmrsample
(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 report sheet given in Figure 4.

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 Figure 4 the average

injection flow rate (g; ), by subtracting the final injection system volume from the initial injection system
volume and dividing the result by the final test time.
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_Vii-Vif
i te
Accept the test only if this value is within £5 % of the value selected in 10.2.3.

12.1.12
base upstream gravimetric level (cp").

(18)

Using Formula (19), calculate and record on the report sheet given in Figure 4 the average

(19)

12.
ave

the

.14 Using the actual final test time to reach the terminal element differential press
Fage gravimetric level of the injection system (c;"), and the average.injection flow rate (g;

mass of ISO FTD injected (m;) using Formula (20).

Cyxqxty

"1 000

Cal
rou

ulate and report on the test sheet in Figure 4 the ISO FTD retained capacity using Equati
hd the result to two digits of precision.

cgofo_QdefX@%o—E;)_qqufx[Q@0+E;)/2J

mR =m; —
1000 1000 1000

i

NOTE Formula (21) subtracts from the mass of ISO FTD injected:

Table 3.

hccordance
pet given in

ure (tf), the
), calculate

(20)

bn (21) and

(21)

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

b) |an estimate of the amofint of contaminant permanently extracted from the system through the filter
downstream samplingpoint; (the term (cgo - cp ") is a conservative estimate of the gravimetric coptamination
level downstream of Hhi€ test filter);

c) |an estimate of the'amount of contaminant extracted from the upstream sample flow (qy) that is jermanently
discarded from-the test system (the term (cgo + cp’)/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 45 Record the values of the gravimetric levels obtained in 12.1.9 and 12.1.10 on the report

sheetFigure4-

12.1.16 Calculate, record on the report sheet given in Figure 4, and plot on linear coordinates

element differential pressure versus ISO FTD contaminant added by using Formula (22).

Cixqxtp

P~ 1000

where

my, is the mass of the contaminant added at differential pressure 4p, and time &,

© ISO 2015 - All rights reserved
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12.1.17 Plot on semi-log coordinates average S or o versus particle size, § or o values being on
the log scale with S or ¢ =100 000 as the highest value plotted.

When B, or o, equals infinity values (zero downstream particle count) are recorded, they should be
plotted as 8, or o, =100 000.

12.1.18 Using Formula (23) or (24), calculate and record on the report sheet given in Figure 4 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
size plot. The interpolated particle size for a specified filtration ratio is a value that falls between two of
the points from the plotin 1Z.I.17 (corresponding to fltration ratios P,; or o,; and partcle size xijand

B2 or o} and particle size x2). Do not extrapolate.

for stegdy flow tests, x = +X1q 23)

c
1 X
(x1—x3)x og[ Xl]

o
log X1
Ox,

For many fjilters, particle size values for each of the above filtration ratios values cannot be obtain()a‘i by
interpolati¢n. In these cases, the unobtainable values shetild be noted as either less than the mininpum
particle size counted or greater than the maximum particle size counted, whichever is appropriate. Values
should be r¢ported foratleast two or more consecutivefiltration ratios from the above recommended values.

for cyclic flow tests, x = +Xq 24)

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

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

12.1.20 Plot on log1g cdordinates average filtration ratio values for each particle size vefsus
element differential pressure;, with the filtration ratio values on the ordinate.

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

12.2 Calculationof 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 um(c), 6 pum(c), and
14 pm(c) by averaging the recorded particle counts for the last 1 min of the 30 min stabilization time.
Record in Figure 4.

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

12.2.2 Determine the 2,5 % stabilized ISO 11218 cleanliness classes for the above size ranges from the
averaged stabilized downstream particle counts and record in the test report data sheet, Figure 4.

12.2.3 Calculate and record the corresponding filter element differential pressure, obtained by
subtracting the housing differential pressure from the 2,5 % filter assembly differential pressure, 4p2 5 o,
calculated in 11.2.5.

24 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=9bf42ddb1575aa48d01de37e90bf03d1

ISO 14085-3:2015(E)

12.2.4 Calculate and record in Figure 4 the contaminant injected to Apz 5 9, using the time, t3 5 o, from
11.2.13, as follows:

B (£2,50 xTi ;)
“25% =000

(25)

12.2.5 Using the particle counts recorded during the second 30 min stabilization period, see 11.2.17,
calculate the 80 % stabilized downstream particle counts for the size ranges 4 um(c), 6 pm(c), and
14 um(c) by averaging the recorded particle counts for the last 1 min of the 30 min stabilization time.

Rec

rd in Fisure 4

NOT

12.
ave

12.
sub
cald

12,
11.

13

Use
the

“MG
—

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

P.6 Determine the 80 % stabilized ISO 11218 cleanliness classes for the above size rang
raged stabilized downstream particle counts and record in the test report data sheet, Figu

P.7 Calculate and record the corresponding filter element differential pressure, o

ulated in 11.2.5.

P.8 Calculate and record in Figure 4 the contaminant ingresséd to Apgg o, using the time,
.16, as follows:

(tso%xcixqi)

£80% =1 000

Identification statement (reference to this part of ISO 14085)

the following statement in test reports, catalogues and sales literature when electing to c
[nternational Standard:

thod for determining filtration performance data in accordance with ISO 14085-3, Aero{
{ydraulic Filter elements —£ Test methods — Part 3: Filtration efficiency and retention capag

bs from the
re 4.

btained by

fracting the housing differential pressure from the 80 % filter assembly differential pressiire, Apggo v,

tgo o, from

(26)

bmply with

pace series
Fity.”
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H Test laboratory: Test date: Operator: H
Filter and element identification
Element ID: Housing ID:
Spin-on: YES / NO Minimum element bubble point (Pa):

Operating conditions

Injection slystem

Test fluid

Type: __ Ref.: Batch no.:
Viscosity at the test temperature (mm%s): Temperature (°C):
Antistatic: Yes No__ Type: Conductivity (pS/m):
Test contaminant

Type: 1SO 12103-A2 test dust (ISO FTD) Batch no.:

Test system

Flow rate, §ir (L/min): Initial volume (L):
Average bage upstream gravimetric level, € (mg/L): Final volume (L):

Injectign parameters Initial Final Average injection parameters
System volfime (L) Injection flow Zli (L/min)
Gravimetri¢ level (mg/L) Gravimetric lev el, C; (g/L)
Counting system
Location Counter and sensor ref. Flow rate (inL/min) Dilution ratio
Upstream
Downstream
Counter calibration: Method: Date:
Test resul{s
Element iﬂtegrity
Bubble poift to [SO 2942 (Pa): Test fluid: Surface tension:
Differentigl pressure
Filter housing (kPa): Clean assembly (kPa):
Clean elemgnt (kPa): Final element (kPa):
Differentigl pressure versus contaminantadded
Time Test time Element p Injected Time Test time Element 4p Injected
interval (min) (kPa) mass interval (min) (kPa) mass
(8) )
10 % 60 %
20 % 70 %
30 % 80 %
40 % 90 %
50 % 100 %
Retention capacity
ISO FTD mjassS.injected m; (g): ISO FTD retained capacity my (g):
80 % upstream gravimetric level cg( (mg/L):
Filtration ratio 5,
Average filtration ratio 2 10 75 100 200 1000

Particle size, x, pm(c)

26

Figure 4 — Steady flow filter element multi-pass report sheet (continued)
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Particle counts per mL and filtration ratio
Time interval d> g | d> d> d> d> d>
um(c) pm(c) um(c) pm(c) um(c) um(c)
Initial up
10 % Up
Down
20%  Up
Down
30%  Up
Down
40% Up
Down
50% Up
Down
6Q% Up
Down
70%  Up
Down
80% Up
Down
99% Up
Down
190% Up
Down
Avg. Up
Avg. Down

© ISO 2015 - All rights reserved

Figure 4 — Steady flow filter element multi-pass report sheet (concluded)
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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 (mmz/s): Temperature (°C):
Antistatic: Yes No Type: Conductivity (pS/m):
Test contaminant
Type: ISO 12103-A2 test dust (IQﬂ F‘Tn) Batchno.
Test syste
Flow rates,|(L/min): Max, qr: Average, (: Cycle rate: cycles/min
(for user syecified cyclic conditions, attach a complete description of the flow waveform)
Initial volume (L): Final volume (L): Average base upstream gravimetric level, C (mg/L):
Injection system
Injectign parameters Initial Final Average injection paranfeters
System volime (L) Injection flow ai (L/min)
Gravimetrig level (mg/L) Gravimetric level, C; (mg/L)
Counting system
Location Counter and sensor ref. Flow rate (mL/min) Dilution ratio
Upstream
Downstream
Counter calibration: Method: Date:
Test resul{s
Element integrity
Bubble poift to [SO 2942 (Pa): Test,fluid:
Differentigl pressure
Filter housing (kPa): Clean assembly (kPa):
Clean elemgnt (kPa): Final element (kPa):
Differentigl pressure versus contaminant added
Time Test time Element 4p Injected Time Test time Element 4p Injected
interval (min) (kPa) mass (g) interval (min) (kPa) mass (g
10 % 60 %
20 % 70 %
30 % 80 %
40 % 90 %
50 % 100 %
Retention dapacity
ISO FTD m4ss injected m; (g ISO FTD retained capacity mgp (g):
80 % upstrpam gravimetriclevel cgy (mg/L):
Filtration rgitio o,
Average filfration vatio 2 10 75 100 200 1000
Particle siz¢, &41m(c)
Stabilized downstreanmrtestrestits
P elerf,g;ir p 1SO FTD Stabilized ISO 11218 cleanliness classes
pp (kPa) P ingressed, g 4 pm(c) 6 um(c) 14 um(c)
2,5%
80 %
Figure 4 — Cyclic flow filter element multi-pass report sheet (continued)
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Particle counts per mL and filtration ratio
Time interval d> o d> d> d> d> d>
um(c) um(c) um(c) um(c) pm(c) um(c)
Initial up
10 % Up
Down
2 Ou l]p
Down
30%  Up
Down
40 % Up
Down
50 %  Up
Down
60 %  Up
Down
70%  Up
Down
8¢ %  Up
Down
99 % Up
Down
1J0% Up
Down
Avg. Up
Avsg. Down
Sthbilization test results (downstream par ticle counts)
4p point
2,5%
80 %

© ISO 2015 - All rights reserved

Figure 4 — Cyclic flow filter element multi-pass report sheet (concluded)
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