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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 maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
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 hydraulic fluid power systems, power is transmitted through a liquid under pressure within a
closed circuit. The liquid is both a lubricant and a power-transmitting medium. The presence of solid
contaminant particles in the liquid interferes with the ability of the hydraulic liquid to lubricate and
causes wear. The extent of contamination in the liquid has a direct bearing on the performance and
reliability of the system and should be controlled to an appropriate level.

Quantitative determination of particulate contamination requires precision both in obtaining a
representative sample of the liquid and the measurement of the contamination. The awareness of
the[benefits of cleanliness monitoring has led to the development of instruments that opefrate online
(i.e] directly connected to a system) in an attempt to reduce measurement errors thdt ate inherent
with bottle samples. Automatic particle counters (APC) and monitors have been developgd and are
ext¢nsively used.

Insfruments using this technique have become widely used in the industry~and an International
Standard is required in order to standardize operating procedures. This '‘part of ISO 21(18 defines
profredures for the use of light extinction instruments in evaluating the cleanliness level of i hydraulic
liquid. It also includes procedures for calibrating and verifying that the instruments arq operating
corfectly to ensure consistent results.

© ISO 2016 - All rights reserved v


https://standardsiso.com/api/?name=54ec2ff4c0826b68a35fbf57e9b8c079



https://standardsiso.com/api/?name=54ec2ff4c0826b68a35fbf57e9b8c079

INTERNATIONAL STANDARD
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Hydraulic fluid power — Monitoring the level of particulate
contamination in the fluid —

Part 4:
Use of the light extinction technique
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ff-line in containers. It also defines procedures for calibrating the instruments and ver
‘ect operation both in the laboratory and in service.

eneral, the techniques described in this part of ISO 21018 are suitable for monitoring
the general cleanliness level in hydraulic systems,

the progress in flushing operations, and

support equipment and test rigs.

use of this method is applicable to single-phaseldiquid systems only.

Normative references

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

3722, Hydraulic fluid power= Fluid sample containers — Qualifying and controlling cleani

4021, Hydraulic fluidpower — Particulate contamination analysis — Extraction of fluid sa
5 of an operating system

5598, Fluid power’systems and components — Vocabulary
11171:2010;-Hydraulic fluid power — Calibration of automatic particle counters for liquids

16889, Hydraulic fluid power — Filters — Multi-pass method for evaluating filtration perf
ter’element

5 part of ISO 21018 specifies a method for the determination of the particulate.€ontamination level
ng the light extinction technique (also known as light blockage or light obscuration) ei

ther online
fying their

nt and are

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

(%)

hg methods

mples from

bormance of

ISO

3

T1943Y, Hydraulic jluid power — On-line automatic particle-counting systems jor liquids — Methods
of calibration and validation

Terms and definitions

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

1) To be published.
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31

light extinction

reduction in intensity of a light beam passing through the sensing volume caused by the interaction of
the light with single particles

[SOURCE: ISO 11500:2008, 3.3]

3.2

extraneous contamination

contamination that is not an integral part of the fluid from which a sample was taken, but was
introduced into the sample from another source

Note 1 to erjtry: Extraneous contamination increases the measured level of contamination such that the.sathple
appears to e more contaminated than it really is.

4 Health and safety

Operate the instrument in accordance with the manufacturer’s instructions. Follow local health pnd
safety progedures at all times.

WARNING] — The use of this International Standard can involver hazardous materials,
operations and equipment. This International Standard does not-purport to address all ofthe
safety corlcerns associated with its use. It is the responsibility of\the user of this Internatignal
Standard fo establish appropriate safety and health practices and determine the applicabilitly of
regulatory limitations prior to use.

5 Equipment

5.1 General

If the analysis is performed using sample bottlés-or containers (see 6.5), sampling apparatus (see 5.2.1)
could be rejquired. Such apparatus shall avoidintroducing contamination when the inlet hose is inserfted.
For the prdcess of calibration and verification of correct operation, use the equipment detailed in 5.2.

5.2 Equipment for online and ‘off-line calibration and verification

5.2.1 Bottle sampling apparatus, for transferring the calibration or verification sample to|the
instrument. If a pressure chamber is used to force the liquid through the device at constant pressufe, a
suitable solirce of filteredydried and regulated air is required.

5.2.2 Calibration\and verification dust, test dust, designated RM8631, used for calibration or
verification i
calibrated
20 g of dryld
from 1 micron to 50 microns.

5.2.3 Flushing fluid, separate fluid compatible with the verification fluid for flushing the instrument
prior to verification. The fluid shall be pre-cleaned to fewer than 15 particles sized >4 um(c)/mL or no
more than 0,5 % of the expected population of the smallest measured particle size.

NOTE The unit pm(c) refers to particle sizes determined using an APC calibrated in accordance with
ISO 11171 or ISO 11943.

5.2.4 Oven, non-circulating, capable of providing a temperature, controlled to + 5 °C, between 100 °C
and 150 °C for drying the test dust. For drying the calibration and verification dust (refer to 5.2.2).

2 © IS0 2016 - All rights reserved
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5.2.5 Reference particle counter, an APC calibrated in accordance with ISO 11171 or ISO 11943.

5.2.6 Sample agitating device, suitable for re-dispersing the contaminant within the contents of
the sample bottle, such as an ultrasonic bath rated at 3 000 W/m2 to 10 000 W/m?2 of base area, or a
three-axis shaker. The agitating device shall not alter the basic size distribution of the test dust or the
contaminants in samples being analysed.

5.2.7 Sample bottles, cleaned and validated in accordance with ISO 3722. Use the following Required
Cleanliness Levels (RCLs):

a)
b)

5.2
Any
5.2
5.2

5.2
con,

5.2
the

NOT

NOT
5.2
witl

par

5.2

6

6.1

tor sample bottles used tor mixing the test dust: <100 particles = 4 pym(c)/mL of sample bo

for sample bottles used for verifying system cleanliness or for preparing the calibration Y
samples: <5 particles = 4 um(c)/mL of sample bottle volume

8 Solvent, compatible with the instrument and equipment used and miseible with the
solvent used shall be filtered to 0,8 pm or better to achieve an RCL of <2-particles = 4 pm

9 Solvent dispenser, pressurized, fitted with a 0,8 pm inline meftbrane filter at the ou
10 Testrig, validated in accordance with ISO 11943.

11 Test liquid, conforming to the requirements used for online calibration or vali
forming to the requirements stated within [SO 16889

12 Vacuum source, to de-aerate the test liquid samples after shaking, and may be inco
bottle sampling apparatus. An ultrasonic bath,can be used as an alternative method (see 5

E1 De-aeration might not be required ifithe instrument utilizes a constant pressure source.

E2  The effectiveness of ultrasoni¢s'in removing air is reduced as the viscosity of the test liqu

13 Verification samples, sample bottles containing a suspension of RM8631 in oil that is

ficle size distribution shall be determined using a reference particle counter (see 5.2.5).

14 Weighing balance, with a resolution of 0,05 mg or better.

Operating procedures

General

Ltle volume

rerification
test liquid.

c)/mL.

let.

Hation and

‘porated in
.2.6).

d increases.

compatible

1 the instrument concernédand at a concentration specified by the instrument manufajcturer. The

Sele

etthe-mode-ofoperationfromthefoHowins:
from a pressurized line (see 6.2);

by suction from a system reservoir (see 6.3);
by suction from a bulk container (see 6.4);

from a sample bottle (see 6.5).

Operating online from a pressurized source is preferred as it eliminates contamination from the
environment. Select the sampling position and sampling valves in accordance with ISO 4021. If periodic
or continuous trend monitoring is being carried out on a machine or process, take repeat samples from

the

same place, in the same manner and under similar operating conditions.

© ISO 2016 - All rights reserved
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6.2 Operating from a pressurized line for the field contamination monitor

6.2.1 General

WARNING — Ensure that all equipment and procedures used are safe and compatible with the

maximum

system pressure.

Select the sampling valve or apparatus so that it complies with ISO 4021. Position the sampling valve
in a flow line that carries a significant flow and at a point of turbulence, such as after an elbow. Any
pressure tap used as a sampling valve shall comply with the requirements of ISO 4021. Such a tapping

point can reqs

guiresustained Hushing by recording the cleanlinesslevel

6.2.2 Pr

6.2.21 S
properly at

6.2.2.2 E
and wheth
previous fl

6.2.2.3 (
or wipe.

6.2.24 (O
does not h

bcedure

fabilize the system at its normal operating conditions. Ensure that the instriiment oper

br the residual liquid is miscible with the current test liquid. If thefe is any doubt, flush
1id out of the unit in accordance with the instrument manufacturér’s recommendations.

lean the sampling valve or apparatus with a suitable solvent.and lint-free, non-shedding c

hve an automatic self-flushing sequence, run the‘instrument to ensure that the sampling

and instru

miscible liguid, flush with at least 10 complete voluines (instrument and connecting pipes) of sys
liquid and flirect to waste.

6.2.2.5

analyses anjd compare the results. Repeat the"analysis if either:

a)

is gre
b) the dif

Refer to er

6.2.3 A
from the sg

the diffference between two suc€essive codes for instruments whose output is in cleanliness cd

ent are adequately flushed. If the instrumentwas previously used to analyse a different

nalyse the sample in accordance~with the manufacturer’s instructions. Perform at least

er than 1 code, or
ference in particle eounts is greater than 10 % at the smallest particle size being monitot

For sources listed in 6.4.1.

fter analysis, close the sample valve and ensure that any residual pressure has been exhau
mplingline before disconnecting the instrument.

htes

both the minimum and maximum pressure observed where connected to the-hydraulic system.

stablish whether there is any liquid residual from a previous andlysis in the instrunjent

the

oth

perate the instrument in accordance with the mandfacturer’s instructions. If the instrunent

line
but
tem

two

des

bted

6.2.3.1

Recard the data

6.3 Operating from a system reservoir for the field contamination monitor

6.3.1 Ge

neral

Select the reservoir sampling device so that it complies with ISO 4021. Sampling should only be

conducted

during system operation when liquid is moving within the reservoir.

© ISO 2016 - All rights reserved
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6.3.2 Procedure

6.3.2.1 Stabilize the system at its normal operating conditions and check that there is sufficient liquid
movement in the reservoir to promote adequate dispersion of the particles in the area where the sample
is taken.

NOTE If there is insufficient movement, the sample analysed might not be representative of the whole.

6.3.2.2 Establish whether there is any liquid residual from a previous analysis in the instrument
and whether the residual liquid is miscible with the current test liquid. If it is not miscible or there is

anyl doubt, flush the previous fluid out of the unit In accordance with the mstrument manufacturer’s
recmmendations.

6.3)2.3 C(lean the reservoir entry area where the sampling line is inserted and|secure gny screws,
fittings, etc. Clean the sampling valve or apparatus with a suitable solvent and, lint-free, noh-shedding
cloth or wipe.

6.3]2.4 Insert the inlet hose into the reservoir so that it draws from @ representative poition of the
liguid (normally mid-depth).

6.3{2.5 If the instrument does not have an automatic self-flushing sequence, run the insfrument to
enspire that the sampling line and instrument are adequatelyflushed. Do not exceed the minimjum sensor
pregsure or the maximum viscosity value stated by the manufacturer. If the instrument was|previously
usefl to analyse a different but miscible liquid, flush withat least 10 complete volumes (instjument and
conpecting pipes) of system liquid and direct to waste,

6.3]2.6 Either position the outlet line in the reservoir so that re-entrainment of the sample into the
monitor suction line does not occur or direct the outlet to another container or waste.

6.312.7 Analyse the sample in accordance with the manufacturer’s instructions. Perform gt least two
analyses and compare the results. Répeat the analysis if either:

a) |the difference between twe.successive codes for instruments whose output is in cleanliness codes
is greater than 1 code, or!

b) |the difference in particle counts is greater than 10 % at the smallest particle size being monitored.

Refer to error sourceslisted in 6.4.1.

6.3]2.8 Recotd-the data.

6.4 Operating from a bulk container for the field contamination monitor

6.4.1 General

This procedure requires the sample to be sucked (or sipped) from the bulk container by a pump,
either integral with the instrument or specially provided. This procedure can be subject to error and
variability in measurement and can require additional stages. Such sources of error include:

— aninactiveliquid source: It can be impracticable to agitate the container to re-distribute the particles
and the extracted sample might not be representative of the whole. A secondary circulating pump
can be necessary;

— high viscosity: The liquid can be at ambient temperatures and have a high viscosity. A vacuum can
be generated when the pump sucks the liquid and this can release air or starve the inlet to the
instrument. This can reduce the flow rate or cause erratic operation of the instrument.

© IS0 2016 - All rights reserved 5
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6.4.2 Procedure

6.4.2.1 Agitate the container to redistribute the particles. If this is impractical, provide a secondary
circulating pump to distribute the particles. If the sample cannot be agitated, do not proceed as lack of
proper agitation can lead to non-representative results; note the inability to agitate the sample in the report.

6.4.2.2 Establish whether there is any liquid residual from a previous analysis in the instrument
and whether the residual liquid is miscible with the current test liquid. If it is not miscible or there is
any doubt, flush the previous fluid out of the unit in accordance with the instrument manufacturer’s
recommendations.

6.4.2.3 ean the entry area with a suitable solvent and lint-free, non-shedding cloth or wipe where the
sampling line is inserted and the outside of the sampling line.

6.4.2.4 sition the inlet hose in the bulk container so that the inlet hose draws from-below the surface
of the liquid. If a secondary pump is used, position the inlet pipe away from both thé.suction and refurn
hoses and in an area of circulation.

6.4.2.5 If the instrument does not have an automatic self-flushing sequence, run the instrunjent
to ensure that the sampling line and the instrument are adequately flushed. Do not exceed either|the
minimum densor pressure or the maximum viscosity values stated by the‘manufacturer. If the instrunjent
was previously used to analyse a different but miscible liquid, flush{th€é previous fluid out of the unjt in
accordancg with the instrument manufacturer’s recommendations.

6.4.2.6 sition the return hose either in the bulk containér so that re-entrainment of the sample jnto
the instrumpent suction line does not occur or direct the outlet to another container or waste as requifed.

6.4.2.7 Analyse the sample in accordance with the manufacturer’s instructions. Perform at least fwo
analyses a)jd compare the results. Repeat the analysis if either:

a) the diffference between two successive codes for instruments whose output is in cleanliness cddes
is greater than 1 code, or

b) the difference in particle countsiisigreater than 10 % at the smallest particle size being monitofed.

Refer to erfor sources listed in 6.4.1.
6.4.2.8 Record the data
6.5 Operating from a sample bottle for the field contamination monitor

6.5.1 Gejneral

This is the least favoured option as analysis from sample bottles can result in substantial errors from
the introduction of extraneous contamination; the cleaner the system, the greater the error. These
errors can be reduced by the use of a bottle sampling apparatus combined with appropriate procedures
(see ISO 11500). If a bottle sampler is not available, it is recommended that a sampling probe be made
to facilitate taking the sample from the bottle or container and so avoid having to immerse the inlet
hose into the sample bottle. In addition, such a probe can be easily cleaned. Once the sample liquid has
passed through the instrument, it shall be directed to waste. The liquid shall not be returned to the
sample bottle or container.

6 © IS0 2016 - All rights reserved
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2 Procedure

6.5.2.1 Any residual liquid from a previous analysis shall be flushed from both the instrument and any
connecting hoses in accordance with the instrument manufacturer’s recommendations.

6.5.

2.2 If necessary, validate the cleanliness level of the apparatus in accordance

with the

manufacturer’s instructions. Clean the instrument such that the background analysis is less than 10 % of
the subsequent analysis.

he sample

6.5.2.3 Rp-cncppnr‘] the contaminantin the c:\mp]r—\ bottle hy agitating it hy either ch:\l(ing
bottle by hand for 30 s or using a suitable sample-agitating device (5.2.6). Remove the air usin
devjce (see ISO 11500). Do not allow more than 2 min to elapse before starting the analysis.
NOTE1 Forliquids with viscosity > 50 mm2/s at the test temperature, a longer agitation time can b
NOTE 2  The viscosity can be reduced by the addition of clean solvent (5.2.8) before:shaking.
6.5{2.4 Flush the external surfaces of the sampling tube with filtered solvent, then immer

in tl
bot

6.5
ma

6.5
diff
ind
6.5.

anallly

he sample bottle to approximately 5 mm above the base. Do not allow)the end of the pipe
om of the bottle.

2.5 Operate the instrument (and the bottle sampling apparatus if used) in accordan
ufacturers’ instructions. Initially flush the instrument with the sample liquid or perfj
sis and discard the results. Make at least two furtheranalyses and compare the results.

2.6
brence in particle counts is greater than 10:;% at the smallest particle size being mon
cates that the contents of the container might not be sufficiently homogeneously distribu
P.2 to 6.5.2.5 as appropriate.

If the difference between successive analyses is greater than one contamination ¢

6.5

7

7.1

Par
test

2.7 Record the results.

Calibration and verification procedure

General principles

Ficle size calibratien or verification of light extinction instruments shall be carried out usi

on
of

RMB631test dust in the test liquid whose particle size distribution has been certified using
partiele‘eounter (5.2.5) whose calibration is traceable to ISO 11171 or ISO 11943.

dust and pepformed using a test rig that conforms to ISO 11943. A calibration shall be
ew instrumgents or after major service, and at periodic intervals not to exceed one year. \

b a suitable

e necessary.

e the tube
p touch the

e with the
brm a first

ode or the

[tored, this

fed. Repeat

ng RM8631
conducted
ferification

rrect operation shall be carried out either using ISO 11943 or by using prepared suspensions of

h reference

7.2

Required equipment

Some or all of the equipment listed in 5.2 are required.

7.3

Determination of particle concentration limits

Use the procedures of ISO 11171:2010, Annex B to determine maximum particle concentration limits of
each instrument, or use the manufacturer’s recommended maximum levels obtained in a similar manner.

© ISO 2016 - All rights reserved
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7.4 Calibration

7.4.1 Perform a particle size calibration in accordance with ISO 11943, then verify the calibration in all
other modes of instrument operation as applicable.

NOTE Some instruments operate in multiple modes, such as pressure and suction. In such instances, the

calibration (that is, adjusting of threshold values) can be performed in one of the modes, and it is only necessary
to perform a verification check on the other modes.

7.4.1.1 Pressure line sampling mode (if applicable)

Verify calilpration using the test rig for at least three inlet pressure levels as follows:
— minimum recommended inlet pressure;
— maxinjum recommended inlet pressure;

— midpoj|nt inlet pressure between minimum and maximum inlet pressures.

7.4.1.2 Suction sampling mode (if applicable)

Verify calill[ration in suction mode by either:
— sampling from the test rig, or

— using bottle samples containing either SRM 2806 or a secondary calibration suspension prepdred
and vefified in accordance with ISO 11171:2010, Annex F;

7.4.2 Regord the data in accordance with Clause 9.

8 © IS0 2016 - All rights reserved
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