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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 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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any patent
on the ISO

Any trade
constitute

For an explanation on the voluntary nature of standards, the . meaning of ISO specific terms

expression
World Trad
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5 drawn to the possibility that some of the elements of this document may.be the subjec
ts. ISO shall not be held responsible for identifying any or all such patehtrights. Detail
rights identified during the development of the document will be in the Ihtroduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
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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
(i-e
bot
extq

Inst

benefits of cleanliness monitoring has led to the development of instruments that ope

ensively used.

ruments using this technique have become widely used in the indusgry~and an in

rate online

directly connected to a system) in an attempt to reduce measurement errors that aré\infjerent with
fle samples. Particle contamination monitors (PCM) have been developed for this)purpgse and are

fernational

stamdard is required in order to standardize operating procedures. This document defines procedures

for
alsd
ens

ire consistent results.

the use of light extinction instruments in evaluating the cleanliness, level of a hydrauljc liquid. It
includes procedures for calibrating and verifying that the instruments are operating qorrectly to
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Hydraulic fluid power — Monitoring the level of particulate
contamination in the fluid —

Part 4:
Use of the light extinction technique

Thi
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ISO
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ISO
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Scope

5 document specifies a method for the determination of the particulate contamination

level using

light extinction technique (also known as light blockage or light obscuration).either onliﬂz or offline

ontainers. It also defines procedures for calibrating the instruments and verifying t
ration both in the laboratory and in service.

eneral, the techniques described in this document are suitable formonitoring:
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 are referred te in the text in such a way that some or all of th
stitutes requirements of this document. For dated references, only the edition cited 4
ated references, the latest edition/of the referenced document (including any amendmen

ir correct

Pir content
pplies. For
[s) applies.

4021, Hydraulic fluid power,= Particulate contamination analysis — Extraction of fluid sdqmples from

5 of an operating system
5598, Fluid power systems and components — Vocabulary
11171:2016, Hydraulic fluid power — Calibration of automatic particle counters for liquids

11500:2008;-Hydraulic fluid power — Determination of the particulate contamination leve
ple by automatic particle counting using the light-extinction principles

1¥948:2018, Hydraulic fluid power — On-line automatic particle-counting systems fon
hods of calibration and validation

[ of a liquid

liquids —

3

Terms and definitions

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

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

IEC Electropedia: available at http://www.electropedia.org/

[SO Online browsing platform: available at http://www.iso.org/obp

© IS0 2019 - All rights reserved
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3.1

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

Note 1 to entry: See 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 er
appears to i

Note 2 to entry: See 1SO 21018-4:2016, 3.2.

3.3

particle cgntamination monitor

PCM

instrumen
sizes and (¢
distributio]

3.4

um(c)
particle siz

4 Health and safety

Operate th

WARNING

In at limited sizes or as a contamination code

try: Extraneous contamination increases the measured level of contamination such that the.saj
e more contaminated than it really is.

[ that automatically measures the concentrations of particles suspended in a fluid at cer
annot be calibrated in accordance with ISO 11171 whose output may be as a particle

e as defined in accordance with ISO 11171

b instrument in accordance with the manufacturer’s instructions.

— The use of this document can involve hazardous materials, operations

equipme

n
with its ul{e. It is the responsibility of the user of this document to establish appropriate sa
and healt

5 Equip

5.1 Gen

If the anal

. This document does not purport to address all of the safety concerns associa
practices and determine:the applicability of regulatory limitations prior to use.
)ment

bral

ysis is performed using sample bottles or containers (see 6.5), a special sampling adaj

(sampler)

inlet pipe is inserted into the sample bottle. For the process of calibration and verification of cor
operation, €e-Clause 7.

ay beequired (see 6.2.1). Such an apparatus shall avoid introducing contamination if]

hple

fain
Kize

hnd
ted
fety

btor
the
Fect

6 Operating procedures

6.1 General

Select the mode of operation from the following:

— froma

pressurized line (see 6.2);

— by suction from a system reservoir (see 6.3);

— by suction from a bulk container (see 6.4);

© ISO 2019 - All rights reserved
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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.

6.2 Operating from a pressurized line

6.2.1 General

WARNING — Ensure that all equipment and procedures used are safe and compatibl
makimum system pressure.

Selgct the sampling valve or apparatus so that it complies with ISO 4021. Position‘the sam
in 4 flow line that carries a significant flow and at a point of turbulence, such~as after an
pressure connection used as a sampling valve shall comply with the requirements of 1SO 4
tapping point can require sustained flushing.

6.2

6.2
ope

2 Procedure

2.1 Ensure that the system is at its normal operating/conditions. Ensure that the

hydjraulic system.

6.2
and|
pre

6.2
thel

6.2
doe
and
mis|

2.2 Establish whether there is any liquid residual from a previous analysis in the
whether the residual liquid is miscible with_the current test liquid. If there is any dou

1 connect the instrument to the sampling valve.

2.4 Operate the instrumentin accordance with the manufacturer's instructions. If the

cible liquid, flush with)at least 10 complete volumes (instrument and connecting pipes

liquid and direct to waste.

6.2
two
lysis if.either:

a)

b)

2.5

the“difference between two successive cleanliness codes for instruments whose o

rates properly at both the minimum and maximum pressure observed when conneg

s not have an automatic self-flushing sequence, run the instrument to ensure that the sa
instrument are adequately flushed. If the instrument was previously used to analyse a d

Initiate/the PCM analysis in accordance with the manufacturer’s instructions. Perfq
analyses-anid compare the results. Verify that the procedure was followed correctly and

L with the

pling valve
blbow. Any
D21. Such a

nstrument
ted to the

nstrument

t, flush the
Vious fluid out of the unit in accordance with¢he instrument manufacturer’s recommend;}i

ions.

2.3 Clean the outside of the sampling valve with a suitable pre-cleaned solvent and a linft-free cloth

nstrument
mpling line
fferent but

of system

rm at least
repeat the

htput is in

cleanliness codes is grn:ﬂ'nr than 1 r‘ndn’ or

the difference in particle counts is greater than 20 % under steady state conditions at the smallest

particle size being monitored.

6.2.2.6 After analysis, close the sample valve and ensure that any residual pressure has been exhausted
from the sampling line before disconnecting the instrument.

6.2.

©IS

2.7 Record the data in accordance with Clause 9.

02019 - All rights reserved
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6.3 Operating from a system reservoir

6.3.1 Ge

neral

Select the reservoir device (sampler) so that it complies with the requirements of ISO 4021. This device
should allow unobstructed entry to the point of sampling within the reservoir and be easily cleaned of
extraneous contamination. Its purpose is to facilitate sampling without the need to dip the inlet pipe
into the fluid.

6.3.2 Procedure

6.3.2.1 E
and wheth
any doubt,
recommen

6.3.2.2 C
fittings etc
cloth or wi

6.3.2.3 E
liquid mov|
sample is t

NOTE
the whole.

|

6.3.24 1
(normally

6.3.2.5 If
ensure tha
or the max
different b
of system 1

6.3.2.6 P

monitor sulction line doestnot occur, or direct the outlet to another container or waste.

6.3.2.7 1

two analyspes and“¢ompare the results. Verify that the procedure was followed correctly and repeat]
analysis if ¢ither:

s
Lid—depth).

br the residual liquid is miscible with the current test liquid. If it is not miscible‘dr they
flush the previous fluid out of the unit in accordance with the instrument manufactu
lations.

lean the reservoir entry area where the sampling line is inserted and, secure any scre

pe.

nsure that the system is at its normal operating conditions-afid check that there is suffic
bment in the reservoir to promote adequate dispersion af)the particles in the area where
hken.

If there is insufficient movement, it is possible that the §ample analysed will not be representatiy

ert the sampler into the reservoir so thatit\draws from a representative portion of the lig

F the sampling line and instrument are flushed. Do not exceed the minimum sensor presj
mum viscosity value stated.by.the manufacturer. If the instrument has been used to analy
it miscible liquid flush with)at least 10 complete volumes (instrument and connecting pij
quid and direct to waste.

osition the outletlitie either in the reservoir so that re-entrainment of the sample into

itiate the PCM analysis in accordance with the manufacturer’s instructions. Perform at |

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

e is
er's

ws,

ptera. Clean the sampling valve or apparatus with a suitable solvent and lint-free, non-sheddling

jent
the

re of

juid

the instrument does not have aniautomatic self-flushing sequence, run the instrument to

ure
e a
bes)

the

past
the

a) the difference between two suUCCesSIVe contamination codes for Instruments whose output 1s in

cleanli

ness codes is greater than 1 code, or

b) the difference in particle counts is greater than 20 % at the smallest particle size being monitored.

6.3.2.8 Record the data in accordance with Clause 9.

© ISO 2019 - All rights reserved
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Operating from a bulk container

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: [t 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

6.4

6.4
circ
pro

6.4
and
anyl
rec

6.4
loca

6.4
of t
hos

6.4
to €
pre
to
con

[e

6.4
the

falaBal UD nonnccar}l;

high viscosity: The liquid can be at ambient temperatures and have a high viscosity, A'v
be generated when the pump sucks the liquid and this can release air or starye the i
instrument. This can reduce the flow rate or cause erratic operation of the instcument.

2 Procedure

2.1 Agitate the container to redistribute the particles. If this is mpractical, provide a
plating pump to distribute the particles. If the contents cannot be agitated do not procee
per agitation can lead to non-representative results; note the ingbility to agitate the sample in

2.2 Establish whether there is any liquid residual from”a previous analysis in the
whether the residual liquid is miscible with the current test liquid. If it is not miscible
doubt, flush the previous fluid out of the unit in accordance with the instrument marn
mmendations.

2.3 Clean the entry area with a suitable solvent and lint-free, non-shedding cloth or wi
tion where the sampler is inserted and the outside of the sampling line.

2.4 Position the sampler in the bulk container so that the inlet hose draws from below
he liquid. If a secondary pump iS.used, position the sampler away from both the suction
bs and in an area of circulation.

2.5 If the instrument_does not have an automatic self-flushing sequence, run the
nsure that the sampling line and the instrument are flushed. Do not exceed the mininj
bsure or the maxinium viscosity value stated by the manufacturer. If the instrument has
nalyse a differerit but miscible liquid, flush with at least 10 complete volumes (instr
hecting pipes).of system liquid and direct to waste.

2.6 PRosition the return hose either in the bulk container so that re-entrainment of the 5
instrument suction line does not occur or direct the outlet to another container or waste 2

Acuum can
nlet to the

secondary
1 as lack of
the report.

nstrument
or there is
ufacturer’s

be both the

the surface
and return

nstrument
um sensor
been used
liment and

ample into
s required.

6.4.

2.7

Initiate the PCM analysis in accordance with the manufacturer’s instructions. Perform at least

two analyses and compare the results. Verify that the procedure was followed correctly and repeat the
analysis if either:

a)

the difference between two successive contamination codes for instruments whose output is in

cleanliness codes is greater than 1 code, or

b) the difference in particle counts is greater than 20 % at the smallest particle size being monitored.

6.4.

©IS

2.8 Record the data in accordance with Clause 9.

02019 - All rights reserved
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6.5 Operating from a sample bottle

6.5.1 Ge

neral

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 thr
sample bot

6.5.2 Pr

6.5.2.1 A
connecting

6.5.2.2 i
manufactu
than 10 %

ugtrtheimstrunment, it shatt-bedirected towaste— The Hiquid shatt mot bereturmed to
tle or container.

bcedure

ny residual liquid from a previous analysis shall be flushed from both the ihstrument and
hoses in accordance with the instrument manufacturer’s recommendations.

necessary, validate the cleanliness level of the apparatus“\in accordance with
rer’s instructions. Flush the instrument with clean solvent and-verify the cleanliness is
bf the expected cleanliness level.

6.5.2.3 Re-suspend the contaminant in the sample bottle by vigerously shaking the sample bottl

hand for 6

after shaki
elapse befd
NOTE 1
NOTE 2 ]
NOTE 3 i

NOTE4 1

6.5.2.4 H
the sample

s (see ISO 11500). Remove the air using a vacuum source to de-aerate the test liquid sam
hg. An ultrasonic bath can be used as an alternatiyédmethod. Do not allow more than 2 mi
re starting the analysis.

De-aeration might not be required if the instrument utilizes a constant pressure source.

he effectiveness of ultrasonic in removing'air is reduced as the viscosity of the test liquid increa
or liquids with viscosity >50 mm?/s-at'the test temperature, a longer agitation time can be necess

'he viscosity can be reduced by'the addition of clean solvent before shaking.

Jush the external surfaces’of the sampling tube with filtered solvent then immerse the tub
bottle to approximately 5 mm above the base. Do not allow the end of the pipe to touch|

bottom of ghe bottle.

6.5.2.5 O
manufactu

perate the_inStrument (and the bottle sampling apparatus if used) in accordance with
rers' instructions. Initially flush the instrument with the sample liquid or perform a

analysis and discard the results. Make at least two further analyses and compare the results.

6.5.2.6 i

the

any

the
less

h by
bles

h to

pES.

ary.

e in
the

the
First

the difference between successive analyses is greater than 1 contamination code or

the

difference in particle counts is greater than 20 % at the smallest particle size being monitored, this
indicates that the contents of the sample bottle might not be sufficiently homogeneously distributed.

Repeat 6.5.

2.2 to 6.5.2.6 as appropriate.

6.5.2.7 Record the data in accordance with Clause 9.

7 Calibration and verification procedure

7.1 General principles

Particle size calibration or verification of correct operation of PCM shall preferably be carried out as
per ISO 11943 utilizing a test rig that conforms to ISO 11943. A calibration shall be conducted on new

6
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instruments or after major service, and at periodic intervals not to exceed one year. Calibration and
verification of correct operation can also be carried out by using prepared suspensions of test dust in
the test liquid whose particle size distribution has been certified using a reference particle counter
whose calibration is traceable to ISO 11171 or ISO 11943.

7.2 Required equipment for calibration and validation as per ISO 11943

7.2.1 Testrig that conforms to ISO 11943.

7.22 Reference parﬁr‘]n counter or PCM calibratedin accordancewith ISO 11171 or IS0 11943,

7.3| Required equipment for calibration and validation using prepared bettle Jamples

7.3]1 Primary calibration samples purchased through NIST or secondarycalibration samples
profuced following the procedures outlined in ISO 11171:2016, Annex F follow the marfufacturer's
recommendation for transferring the calibration or verification fluid to the instrument.

7.3]2 Reference particle counter or PCM calibrated in accordance with’1SO 11171 or ISO 11943.

7.4| Calibration and verification data presentation

Recprd the data in accordance with Clause 8.

8 [Reporting of results of calibration andwerification procedure

Report the following information on suitable forms as given in Tables 1 to 3.

Table.l — Test information

Calibration Calibration verification Yes/No
Analysis mode: Online Bottle Yes/No

| — s

Parameter Information

Organisation

Tedhnician

Corpnments.

Caljbration or verification sample identification

Datle'aPcalibration or verification

Instrument designation

Reference instrument

Analysis mode

Test contaminant or bottle sample lot number

© IS0 2019 - All rights reserved 7


https://standardsiso.com/api/?name=df86ed3c1e7952377824bf186b25b5f2

ISO 21018-4:2019(E)

Table 2 — Calibration results

Number concentration or contamination code?
24 um (c) 26 um(c) 214 um(c)

Parameter

Test instrument cleanliness

Reference instrument cleanliness

Average test instrument results

Aver gerelference mstrument results

Test limit — maximum

Test limit — minimum

Test unit Reference unit

Voluine analysed

Analysis duration

a  [elete where not applicable.

Adjustment required |Yes/No

Table 3 — Calibration verification

Number congéntration or contamination code?
24 pm(c) 26 nm(c) 214 pm(c)

Parameter

Test|instrument cleanliness

Testlinstrument results

Refefrence instrument results

Test|limit — maximum

Test|limit — minimum

Test unit Reference unit

Volume analysed

Analysis duration

a  Delete where not applicable.

9 Testfeports

The reportof the’results of a sample analysis shall include at least the following information:

— sample-designation;

— system being sampled;

— organisation;

— person performing analysis;
— date of analysis;

— instrument designation;

— mode of analysis;

— analysis results as a contamination code at the relevant sizes;

8 © IS0 2019 - All rights reserved
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