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Introduction

In hydraulic fluid power systems, power is transmitted and controlled
through a fluid under pressure within an enclosed circuit. This fluid is
both a lubricant and a power-transmilting medium.

Reliable system performance requires conirol of the fluid medium,.
Qualitalive and quantitative determination of particulate contamination
in the fluid medium requires precision in obtaining the sample and de-
termining the nature and extent of contamination,

The most representative sample is oblained using a sampler installed
in a main flowline where the fiuid is flowing in a turbulent manner. If

such a sampler is unavailable, then fluld samples may be extracted from
the system reservoir.

This International Standard describes procedures for obtaining both dy-
namic and static samples from an operating system.
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1 Scope

This international Standard specifies procedures for
extracting fluld samples from a hydraulic fluid power
system under operalion.

The preferred melhod is lo extract fluid samples
from a main flowline of an operating hydraulic sys-
tem in such a manner that the particulale contami-
nant in the sample is representative of the fluid
flowing at the point of sampling.

An allernalive method is to exiract a sample {rom
the reservoir of an operating hydraulic system, but
this method should only be used if a suilable sam-
pler is not fitted.

The samples taken are used for particulate con-
tamination analysis.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitule provisions
of this International Standard. Al the time of publi-
cation, the editions indicated were valid. All stan-
dards are subject to revision, and parties to
agreements based on this International Standard
are encouraged to investigate the possibility of ap-~
plying the most recent editions of the standards in-
dicated below. Members of IEC and ISO maintain
registers of currently valid Internalional Standards.

18O 3722:1976, Hydraulic fluid power — Fluid sample
containers — Qualifying and controlling cleaning
methods,

ISO 5598:1985, Fluid power systems and components
- Vocabulary.

3 Definitions

For the purposes of this International Slandard, the
definitions given in IS0 5598 and the following defi-
nitions apply.

3.1 clean sample bottle: Sample bottle which has
been thoroughly cleaned and veriflled in accordance
with 1SO 3722.

3.2 fluid sampling, line: The extraction of a sample
of fluid from a turbulent seclion of a flow siream,

3.3 fluld sampling, reservolr: The extraction of a
sample of fluid from the reservoir of an operaling
system.

3.4 sampler: A device which allows the extraction
of a quantily of representative fluid from the hy-
draulic system. (See figures 1-and 2.)

3.5 turbulent flow: Fluid flow in which particle
movemenl, anywhere it the flow, varies rapidly in
velocity and direction. Flow may be turbulent when
the Reynolds number (Re) is grealer than 2 300 and
can be assumed to be turbulent when Re > 4 000,
See anhex A.

4 Principles of fluid extraction

4.1 Sampling from fluid lines

4.1.1 Extract samples from main fluid lines In a
section where turbulent flow conditions exist, using
a sampler having the following characteristics (see
example in figure 1):

a) belng compatible with the fluid and the system
operating pressure;

b) permiiting on/off valving of sample flow;
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¢) having the ability lo reduce the pressure value
from the system pressure to almosphere at a
minimum flow rate of 100 mi/min (preferably
500 mifmin} in the open position; the pressure-
reducing device shall not alter the contamination
level or distribution;

d) having a sampling lube with internal diameter in
the range 1,2 mm to 5 mm;

e) having an extraction point which is located in a
turbulent flow zone; if this cannot be assured,
use a means of creating turbutence, such as a
turbulent flow inducer;

f) being compatible with the sampling procedure
and particle-counting apparatus to be used;

g) glving repeatable and reproducihle samples;
h) being easy to use and leak-free;

1) being so constructed that areas where particu-
late contamination may settle out, when the
valve is not in use, are minimized; being so de-
signed to minimize the generation of contami-
nants by the valve itseif, being of a type which
cleans itself by flushing.

4.1.2 Ensure that the extraction point is clear of the
boundary layer of the system pipework and the axis
of the sampler is approximately perpendicular to the
main flow stream, preferably entering the sysitem
pipework from the top. Arrange the point of exil of
the sampled fluid such that the flow is directed ver-
tically downwards,

4.1.3 Permanently attach the valve, or check valve
portion of a quick-disconnect coupling, to the port
through which the sample is to be taken.

4.1.4 Provide dust caps for the ilem in 4.1.3 to re-
duce the ingress of environmental contaminants.

415 Operate the hydraulic circuit for not less than
30 min to diffuse particulate contaminants as evenly
as possible throughout the system,

NOTES

1 When a procedure to diffuse particulate contaminants
has been established for a particular system, that pro-
cedure should be mainlained for all similar systems.

2 If a sample representing normal operating conditions
is desired, the hydraullc circuits should not be oparated
for prolonged periods In an artificially clean environment,

4,16 Ensure the sampler is in the wide-open pos-
jtion when sampling and that It will provide a flow
rate  of approximately 500 mi/min  (minimum
100 ml/min). Depending on the system pressure and

valve size, it may be necessary lo altach a length
of small-bore tubing at the shul-off valve outlet in
order to reduce the flow rate. Do not use tubing
having an inside diameler smaller than 1,25 mm.

417 Locate the sampling valve in an area where
it is readily accessible and away from sources of
environmental contamination.

WARNING — Fluid sampling from high-pressure
lines can be dangerous and should be petformed
only by experlenced personnel, If skin Is penetrated
by fluld whilst taking a sample, see a physiclan im-
mediately; fallure to do so may result In serious
harm,

4.2 Sampling from reservolrs

421 If a sampler cannol be filted directly to the
system, then samples may be extracted from the
system reservoir. However, extreme care should be
taken lo avold adding further contamination at the
sampling point. Samples extracted by this means
are less represenlative of the system contamination
than samples extracted by means of live dynamic
sampling.

4,22 Extract the sample from a cenlralized area
where the fluid is in mation and away [romm quiescent
areas caused by corners and baffles.

4,2.3 Select a convenient opening in the reservolr,
above the fluld level, through which the sampler can
enter.

Delermine the distance 2/2 (as shown In figure 2) io
establish the depth of the sampling point below the
fluld surface.

Place a reference mark on the sampler {o indicale
the surface of the reservoir at point of entry.

4.2,4 Careflully select the methad of exiracting the
sample and ensure that the ingress of conlaminant,
from the environment, is kept lo a minimum.

4.25 A proveh method Is shown in figure2, This
consists of a botlle cap with special fittings for
drawing ftuid samples into the sample bottle using
a vacuum source. Lengths of laboratory grade flex-
ible tubing, compatible with the fluid being sampled,
are-also required.

42,6 Two clean sample hottles are required:

botlle A, used for flushing the tubing prior to
taking the sample (may be re-used);

bottle B, used to contain the sample,

427 A supply of filtered solvent Is also required.



4.2.8 Operate the hydraulic circuils 1o diffuse the
particulate contaminants as evenly as possible
throughout the reservoir.

NOTES

3 When a procedure to diffuse particulate contaminants
has been eslablished for a particutar syslem, that pro-
cedure should be maintained for all similar systems,

4 If a sample representing normal operating conditions
is cesired, the hydraulic circuits should not be operated
for prolonged periods in an artificially clean environment.

5 Sampling procedure
5.1 Sampling from fluid lines using samplers

51.1 Clean the external surfaces of the sampler,
A supply of filtered solvent will assist In this.

51.2 Where a sampler incorporating a quick-
disconnect coupling is used, allach the separable
portions to lhe permanenlly altached portion afler
removing the dust cap.

51.3 Open the sampler and flush through the valve
with a sufficient quantity (normally at least 500 ml
of fluid but notl less than five limes the total volume
of the sampler), collect in a separate container and
discard. Do not close the valve after flushing,

514 Uncap lhe precleaned sample boltle, place
the sample bollle under the emerging jet of fluid and
fill the holtle to about 75 % of its lotal volume. Do
not allow the sampler to come into contact with the
sample boltle.

51.5 When sufficlent volume has been collected,
remove the sample bottle, reptace the cap immedi-
ately and close the valve.

51,6 It is acceptable to use proprielary sample
containers of the type which do not require the bottle
cap lo be removed. if these are employed, il is
necessary to allow the sample valve lo come into
contact with the sample bottle inlet tube, Take greal
care to avoid exterior contamination of the sample
by this action.

51.7 Where a sampler incorporaling a quick-
disconnect coupling Is used, disconnect the separ-
ate porlions of the sampler and remove any residual
fluid films by flushing with a suitable solvent,

51.8 Replace the dust cap on ihe permanently
mounted section of the valve,
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5.2 Sampling from reservoirs

5.2.1 Belect a suilable area of the reservoir from
which the sample is lo be extracted (see 4.2). Clean
the area around the entry point before breaking into
the reservoir,

5.2.2 Using an arrangement as shown in figure 2,
draw about 200 m! of prefiltered solvent through the
sampling line to bottle A using a vacuum source,

5.2.3 Remove botlle A from the special cap of the
sampling apparatus and discard the solvent. Re-
attach bottle A to the special cap and insert the
sampling tube into the desired area of the reservoir.

5.2.4 Draw approximately 500 ml of fluid (but not
less than five times the total volume of the sampler)
through the tubing and discard the fluid.

5.2.5 Remove the cap from the precieaned sample
botlle B and attach the bottle to the special cap of
the sampling apparatus. Draw off sufficient volume
to fill the sample bottle to about 75 % of its total
volume using the volume source.

5.2.6 Remove sample boltle B from the special cap
and immediately seal with its original cap. Recon-
nect sample boltle A to the special cap and with-
draw the sample lube from the reservolr,

§.2,7 Fitthe closure to the reservoir,

6 Labelling

The sample bottle shall be provided with a label
bearing the following information, as appropriate:

a) sample reference number;
b) date and time of sample;
c) syslem reference;

d) fluid type, fluid temperature and (if known) the
flow rate;

e) sampling location and pressure used;

f) running time,
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7 Identification statement (Reference to
this International Standard)

Use the following statement in test reports, cata-
logues and sales literature when electing to comply
with this International Standard:

“Method of extracting fluid samples conforms to
18O 4021:1992, Hydraulic fluid power — Particulate
contamination analysis -— Extraction of fluid samples
from lines of an operating system.”
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Figure 1 — Typical example of a fleld-type sampler
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Annex A
(informative)

Calculation of Reynolds number, Re

pDV x 10? DV x 10° p is the density of fluid, in kilograms per
Re = 7 = 7 cubic metre;
where 1 is the dynamic viscosity, in centipoises:
D is the pipe diameter, in millimetres; v is the kinematic viscosily, in square

. , millimetres per second.
¥V is the fluld velocily, in metres per second; P
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