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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
liasison with 1SO, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

The main task of technical committees is to prepare International Standards. Draft Internatienal Standards adopted
by the techn|cal committees are circulated to the member bodies for voting. Publication as an Ipternational
Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this InternationakStandard may be th¢ subject of
patent rights. |SO shall not be held responsible for identifying any or all such patent rights.

ISO 3968 wgs prepared by Technical Committee ISO/TC 131, Fluidpower systems, Subcommliitee SC 6,
Contaminatioh control.

This second gdition cancels and replaces the first edition (ISO 3968:1981), which has been technically |revised. Its
primary objegtive is to bring procedures and equipment as_close as possible to those of ISO 16489. It also
integrates sofne recommendations of ISO 9110-1["1 and 1S©,;9110-2[2], which deal with pressure measurements,
and of other standards pertaining to the subject matter.
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Introduction

In hydraulic fluid power systems, power is transmitted and controlled through a fluid under pressure circulating
within a closed circuit. Filters maintain the cleanliness of the fluid by retaining the insoluble contaminants.

Hydraulic filters normally include a housing that serves as the pressure-containing vessel to direct the flow of fluid
through a filter element that separates contaminants from the test fluid.

In operatiof, fluid flowing through a filter meets resistance due to kinetic and viscous effects. The(pregsure required
to overconie this resistance and to maintain flow is known as the differential pressure. The differential pressure is
the total pressure difference observed between the filter inlet port and outlet port and represents the sum of the
losses recdrded in the housing and filter element.

Factors whjch affect clean filter differential pressure are fluid viscosity, fluid specific(ghavity, flow rate/| filter element
media type|and construction, as well as housing design.
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3 Term

s and definitions

For the purposes of this International Standard, the definitions given in ISO 5598 and the following apply.

31
filter rated
flow rate re

3.2
viscosity i

flow rate
commended by the filter manufacturer for a specified kinematic viscosity

ndex

empirical measure of the viscosity/temperature characteristics of a fluid

NOTE
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3.3

differential pressure
difference between the tested component inlet and outlet pressures under specified conditions

4 Symbols

4.1 Literal

The following

symbols

literal symbols are used in this International Standard:

a) gy Iisth¢ test volume flow rate;

b) ggr is thg filter rated volume flow rate;

c) p isthe static pressure;

d) p, isthe static pressure measured upstream of the filter;

e) p, Iisthe static pressure measured downstream of the filter;

f)  Ap is the differential pressure (Ap = p4 — po);

g) D isthe internal pipe diameter.

4.2 Graph

The graphical

5 Testeq

cal symbols

symbols used in this International Standard, are in accordance with ISO 1219-1.

uipment

5.1 General indications

A suitable tes
exchanger, td
and the fluid g

Atestrigina

The test rig
contaminant

t rig consists of a pump, a reservoir, a clean-up filter, the filter under test and, if requi
gether with all the-nécessary equipment for measuring the pressure, the flow rate, the t
leanliness level(see 6.5). Figure 1 shows a typical test rig in schematic form.

tcordance with' [ISO 16889 is suitable for this test.

an/settle out and re-entrain later during the test.

red, a heat
emperature

shall (be. constructed so that it does not contain dead legs or zones or quiescent aneas where

When testing return filters to be half-immersed in the reservoir, the test equipment located downstream of the test
filter on Figure 1 [flow meter, heat exchanger (counter pressure valve is not necessary)] shall be located upstream
of the test filter.

5.2 Pump

Use a pump with a flow rate equal to or greater than the maximum flow rate required for the test. The delivery
pressure shall be sufficient for pumping the required flow through the filter under test and for supplying
simultaneously the clean-up filter and the remainder of the rig. A device shall make it possible to continuously vary
the flow rate from zero to maximum. Pressure ripple shall be suppressed, if required, to guarantee pressure

readings with

the required accuracy.
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Key
1 Regervoir 7 Absolute pressure transducer
2 Varjable flow pump 8 Differential pressure transducer
3  Clefn-up filter 9 Flow meter
4  Sampling valve 10 Counter pressure regulating valve
5 Thgrmometer 11 Heat exchanger
6  Filtgr undertest 12 Bypass flow regulating valve
Flum:mmwmmrsus

flow rate characteristics of filter assemblies

5.3 Reservoir

Use a reservoir with a conical bottom and sized for containing a volume in litres of test fluid of between one and two
times the maximum flow rate in litres per minute scheduled for the test. It should be designed to minimize air
entrainment (for example by means of a return of the fluid beneath the test fluid surface) and ingression of airborne
contamination.

© 1SO 2001 — All rights reserved 3
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5.4 Temperature control

Use a heat exchanger to control the temperature measured upstream of the filter under test to the required value
with an accuracy conforming to Table 1.

5.5 Clean-up filter

Use a clean-up filter with a filtration ratio (see 1ISO 16889) greater than that of the filter under test, so that no
measurable increase in differential pressure of the filter under test due to partial blocking can occur.

5.6 Sampl

nqg valve
-y

To verify fluid
shall allow co

5.7 Mount
Mount the filt

filter. Use pip¢
as the unions

5.8 Testfl

The type of tdg

cleanliness, equip the circuit with a sample valve in accordance with 1ISO 4021. The’s3
nnection of an on-line monitor or extraction of a fluid sample for off-line analysis.

ng of filter

br on the test rig in the normal orientation. Use the correct sizes of standard unions to g
bs between the filter and the pressure measuring points with substantially the same interna

uid

st fluid shall be either that agreed with the customer, one recommended by the filter man

a fluid with standard properties. The fluid used shall be reported inclause 8.

If it is a fluid W
a) a viscosit
b) a viscosit
amassd

c)

Caution shou

ith standard properties, it should be a mineral @il with few additives and the following charg
y grade of VG 32 (see ISO 3448);

y index of 95 to 105;

ensity of 850 kg/m3 to 900 kg/rh3.

d be exercised when testing fine filters (5,4 > 75) on hydraulic fluids with viscosity index ir

lower temperatures (< 30 °C), as the additives can be temporarily removed and can partially block the el

6 Measur

6.1

Measure the

ements

Pressyre measurement

differential pressure upstream and downstream of the filter under test using a differenti

mple point

onnect the
| diameters

ifacturer or

cteristics:

nprovers at
ement.

hl pressure

transducer or

4 ol HN £ H b T olal 4
WU yauyt Proosultc U alricUulTios willh ait avLuraty CUTMuUITmryg U 1avic 1.

The pressure points shall be of the truncated end type (see Figure 2) and placed on pipework without any hydraulic
irregularity (for example union, valve, bend) over a length not less than 10D upstream and 5D downstream of the

measuring po

NOTE

int.

The connecting lines to pressure transducers and gauges should be bled of air before testing.
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a  See4.1|9).

Figure 2 — Typical design of pressure taps with a truncated end

6.2 Temperature measurement

Measure the temperature of the fluid upstream of the filter using a temperature gauge immersed dired

tly in the fluid

stream. Adjust the fluid temperature so that the viscosity remains within the target value limits specified in Table 1.

6.3 Kinematic viscosity measurement
Determine the viscosity and report the measuring technique used.

NOTE Viscosity should be determined in accordance with a national standard.

6.4 Flow rate measurement

Use a flow rate meter with a measurement range compatible with the range of flow rates to be measured during the

test and an accuracy conforming to Table 1.
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6.5 Fluid cleanliness measurement

Determine the test fluid initial cleanliness level by performing a particle count analysis either on-line using an
automatic particle counter, or off-line on a sample extracted from the system in accordance with 1ISO 4021 and
using a counting method approved by ISO. Report the result in accordance with ISO 4406 on the data sheet.

6.6 Accuracy of measuring instruments and test conditions

The accuracy of the measuring instruments and the test conditions shall conform to the limits specified in Table 1.

Lable 1 2 S | i

Instrument accurac Permitted variatioi|s in
Test parameter Sl unit y test condition
(% of actual value) (+ of taight valud)

Differerftial pressure? kPa 2% —

Gauge pressure? kPa 2% 5%

Test flopv rate L/min 2% 5%
Kinemaltic viscosity® mm?2/s — 2%
Tempetature °C 0,1°C —

a8 0,01 kPa=1bar

b 1 mm?s = 1 ¢St (centistoke)

7 Procedure

7.1 Pipework correction

In place of th¢ filter under test, install a pipe:-with the same diameter as that of the test rig pipework. Determine the
flow rate/diffefential pressure characteristie’curve of the measurement section between zero and the makimum flow
rate scheduled for the testing of the-filter in 0,2¢g increments. The test fluid shall have the same viscgsity as that
usedin7.3,7{4, 7.5 and 7.6.

7.2 Cleanljness of test,circuit

Install the housing of 4hg' filter under test without its filter element and start the pump to obtain a flow rate of
approximately the miaximum flow rate scheduled for the test. Let the fluid circulate to allow the temperature to
stabilize and pntikthe required fluid cleanliness level is achieved. The fluid cleanliness level should be [selected to
suit the grade effilter tested and not to contribute to blockage. Bleed the circuit to eliminate any entfained air if
required.

When the required cleanliness level is achieved, report in the test report and if necessary bypass the clean-up filter.

In the case of change of the test fluid, ensure that no residual fluid can mix with the new fluid, by completely
flushing the test stand.

7.3 Characteristics of the filter housing

7.3.1  Prior to determining the differential pressure of the filter housing without a filter element as a function of the
flow rate, ensure that exclusion of the filter element does not cause any flow perturbation. If there is flow
perturbation, replace the filter element with a substitute element that creates a flow path as identical as possible to
that caused by the filter element. The section for passage through the substitute element shall be as large as

6 © 1SO 2001 — Al rights reserved
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possible to reduce pressure drop. Record in the test report the characteristics of the filter housing with the
substitute element as those of the filter housing and identify that a substitute element was used.

7.3.2

7.3.3  Adjust the test flow rate ¢, to 0,2¢g and record Ap and/or p4, p, as well as the temperature.

If the filter housing is equipped with a bypass valve, immobilize it in the closed position during the test.

7.3.4 Repeat these operations for increasing flow rate values corresponding to increments of 0,29 up to 1,2¢g.

Repeat the

7.3.5

procedure for decreasing values of g,

For each flow rate increment, calculate and record the differential pressure of the filter housing, as well as

the end of {est temperature, and calculate the average of the ascending and descending sets of resul

7.3.6 In
measured

7.4 Cha

741 Ve
the elemen

7.4.2
743 Re

744 Ifr

7.5 Cha

Calculate t
housing (7,

7.6 Cha

prder to obtain the characteristic curve of the housing only, subtract the pipework-co
n 7.1 from the averaged values calculated in 7.3.5.

racteristics of the filter assembly

[ify that the required cleanliness level is achieved and that the bypass.valve is blocked bg
t into the test housing.

Inifiate the flow at its lowest flow rate to evacuate the air from the filter housing and circuit.

peat 7.3.3 to 7.3.5 taking care to use the same flow rate.increments.

bquired, repeat the tests in 7.4.3 with the complete filter equipped with its bypass free to op

racteristics of the filter element only

3.5) from those measured on the filter'housing together with its filter element (7.4).

racteristics of the bypass valve

7.6.1 Pr

For these

element atfachment post. Fhe.integrity of the arrangement used should be confirmed to avoid leakagsg.

iminary installation

sts, a means of activating the bypass filter is required, for example a “solid” element of

Activate th¢ bypass valve and install the blocked filter.

Increase t

r]section values

fore installing

erate.

he differential pressure generated by the filter element only by deducting the values obtained with the

a plug in the

system flow to actuate the bypass valve and bleed all air from pressure transducers or gauges.

Increase the system flow to rated flow and back to zero. If required, bleed the differential pressure

hgain to zero.

Repeat this step twice more to ensure that all valve parts are aligned and lubricated.

7.6.2 Determination of full flow rate characteristics

7.6.21
to 7.3.5.

Determine the bypass valve differential pressure versus flow rate characteristics as spe

cified in 7.3.3

7.6.2.2 Determine the characteristics of the valve by subtracting the pipe work correction values obtained in 7.1.
Plot the results for increasing and decreasing pressure, as shown in Figure 3, and average the results.

© IS0 2001 -
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7.6.3 Determination of opening pressure

7.6.3.1 Open the valve (12) and gradually increase the pressure upstream of the test bypass valve by either
slowly increasing the pump output or by closing the valve, until the flow rate reaches about 0,5 %, 1 %, 2 % and
5 % of gr. Record the exact values of flow rate and pressure.

7.6.3.2 Combine the results from 7.6.2.2 and 7.6.3.1 and plot the curve “pressure versus flow rate” and
graphically determine the opening pressure as corresponding to 1 % of the flow rate.

7.6.3.3

NOTE If th
the one corresyg

7.6.4 Determination of closing pressure

9

3

7.6.4.1
5%,2%,19

7.6.4.2 A
corresponding
7.6.4.3 R

NOTE
the one corresyg

7.6.5 Measutirement of leakage rate

7.6.5.1 O

low flow ratgs (for example a range of measuring cylinders to maximize measurement accur

chronometer)

7.6.5.2 d
rate. Gradual
determined in

7.6.5.3 M
opening pres
measurement

7.6.5.4 R
pressure and

If these measurements are made impossible due to the unsteady- opening/closing, the opening/closing

Repeat 7.6.3.1 and 7.6.3.2 twice and average the results of the opening pressure values.

tart the test by setting the flow rate at about 15 % of gg and gradually reduce)the flow rg
and 0,5 % of gr. Record the exact values of flow rate and pressure.

lot the curve “pressure versus flow rate” and graphically determine the closing p
to 1 % of the flow rate.

epeat 7.6.4.1 and 7.6.4.2 twice and average the results of the closing values.

onding to the lowest measurable flow rate. Report this value:

isconnect the pipe downstream of the filter-inder test and install an appropriate means for
When testing immersed return filters)use a proper funnel to collect leaking fluid in a cyling

pen the valve (12) so that the'flow is directed back to the reservoir and start the pump at
y close the valve until the\upstream pressure is equal to about 25 % of the openin
7.6.3. If leakage occurs, record the time for a suitable leakage volume of at least 25 mL.

easure the leakage‘rate when the applied upstream pressure is 50 %, 75 %, 100 % and 1
sure. If the valve~opens with little increase in pressure beyond the opening pressur
of flow rate t0,3.L/min.

epeat 7.6.5.2 and 7.6.5.3 for decreasing pressure values. Plot results for increasing and
average the results.

| pressure is

te to about

[essure as

pressure is

measuring
hcy and a
er.

its slowest
g pressure

PO % of the
b, limit the

decreasing

8 Presentation of results

The report sheet shall present, at least, the information listed in Table 2. Plot the corrected values of Ap against ¢,
for element (see 7.5), housing (see 7.3.6) and bypass valve (see 7.6.2.2) as shown in Figure 3.

Indicate clearly any deviation with respect to the method used in this International Standard.
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