INTERNATIONAL
STANDARD

ISO
4411

Second edition

2008-10-01
Hydraulic fluid power — Valves —
Determination of pressure
differential/flow characteristics
Transmissions hydrauliques —.Dijstributeurs — Détermination des

caractéristiques de pression-différentielle/débit

e Reference number
= — ISO 4411:2008(E)

© SO 2008


https://standardsiso.com/api/?name=2df6f38da166b6ae8f7665ad5c00a479

ISO 4411:2008(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0O 2008

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2008 — All rights reserved


https://standardsiso.com/api/?name=2df6f38da166b6ae8f7665ad5c00a479

ISO 4411:2008(E)

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.

Interngtional Standards are drafted in accordance with the rules given in the ISO/IEC Directives, [Part 2.

The main task of technical committees is to prepare International Standards. Draft Internatiopal Standards
adopted by the technical committees are circulated to the member bodies forxvoting. Publjcation as an
Internptional Standard requires approval by at least 75 % of the member bodie$ casting a vote.

Attentjon is drawn to the possibility that some of the elements of this dociment may be the sulpject of patent
rights] ISO shall not be held responsible for identifying any or all such patent rights.

ISO 4411 was prepared by Technical Committee ISO/TC 131, Rluid power systems, Subcommittee SC 5,
Contrgl products and components.

This second edition cancels and replaces the first edition (SO 4411:1986), which has been technpically revised.
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Introduction

In hydraulic fluid power systems, power is transmitted and controlled through a liquid under pressure within an
enclosed circuit. Hydraulic valves control the direction, pressure or flow rate of the fluid in the system.

When fluid flows through a valve, it encounters some resistance, which results in a loss of pressure; this loss
is called the pressure differential.

This Internatipnal Standard is intended to unify testing methods for hydraulic fluid power valves to enahlle the
pressure differential/flow characteristics of different valves to be compared.
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3 Terms and definitions

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

31

tare pressure differential
pressure loss between the pressure-tapping points as generated by the test equipment exclusive of the test

valve

1) To be published. (Revision of ISO 5598:1985)
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3.2

measured pressure differential

measured pressure loss between the pressure-tapping points, including the pressure loss through the test
valve and the test equipment

3.3

flow rate

qy

volume rate of flow at the point of measurement

3.4

pressure differential
Ap
pressure loss|attributed to the test valve

4 Symboj|s and units
41 The symbols and units used throughout this International Standard are shown mTable 1.

4.2 The grgphical symbols used in Figures 1 to 3 are in accordance with ISO 1219-1.

Table 1 — Symbols and units

Reference Quantity Symbol Dimension @ Unit]°

subclause
3.3 Volume flow rate qy LT m3/$
34 Pressure differential Ap ML-1T-2 Pa
— Inside diameter of tube d L m
— Temperature 0 €] °C
— Kinematic viscosity v L2T-1 m2/$
— Mass density p ML-3 kg/m?

a8 M signifies (nass, L signifies length, T sigriifies time.
The use of practical units for the presentation of results is described in Annex A.
¢ 1Pa=1Nm?

5 Test installations

NOTE An ICA B plUV;U‘Ub d bilcbi’\“bt fUI tiIU bUiUbﬁUll Uf dpplUpl;dtU ;tﬁlllb UpPUIT VViIibil dglUUIIIUIIt bUtVVUUII 1l;IU art|es
concerned is recommended prior to testing.

5.1 Selection, calibration and installation of equipment
5.1.1 Equipment shall be selected in accordance with ISO 9110-2.
5.1.2 Calibration shall be carried out in accordance with ISO 9110-1.

5.1.3 The test set-up shall be in accordance with ISO 9110-2.
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5.2 Test circuit

5.2.1 A circuit suitable for testing valves as shown in Figure 1 shall be used. The requirements for the
position of the pressure-measuring connections and the flow meter shown in Figure 1 and referred to in 5.2.5
through 5.2.9 apply only to Class A measurement accuracy.

Figure 1 illustrates a basic circuit that does not incorporate all the safety devices necessary to protect against
damage in the event of component failure. It is important that those responsible for carrying out the test give
due consideration to safeguarding both personnel and equipment.
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Figure 1 — Test circuit diagram
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5.2.2 On subplate-mounted valves and sandwich-mounted valves, measurements should be carried out
using standard pressure-tapping plates (intermediate plates) as shown in Figure 2. In this case, the
requirements given in 5.2.5 through 5.2.8 and 5.3 do not apply.

Dimension 4 shall be the maximum port size specified in 1SO 4401, ISO 5781, ISO 6263, 1SO 6264 or
ISO 10372 for the valve being tested.

Dimension B shall be appropriate for the selected interface O-ring.
The threaded port size shall be appropriate for the flow rating of the valve.

Only one port is shown which would be typicalfor P T A and B parts

Dimensions in millimetres
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Figure 2 — Standard pressure-tapping plate for subplate-mounted valves

5.2.3 A fluid supply witheontrollable flow shall be used.
5.2.4 A religf valve'shall be installed to protect the circuit from excessive pressure.

5.2.5 To egtablish a steady flow pattern at the upstream tapping, a visibly straight, uniform-bore tube |ength
of at least 104shatt be used:

5.2.6 A visibly straight, uniform-bore tube length of at least 54 shall be used between the upstream and
downstream pressure tapping and the valve.

5.2.7 To ensure adequate pressure recovery, a visibly straight, uniform-bore tube length of at least 104
shall be used between the test valve and the downstream pressure tapping.

5.2.8 A visibly straight, uniform-bore tube length of at least 54 shall be used between the downstream
pressure tapping and the temperature measuring point.

5.2.9 A flow meter shall be installed to measure the flow rate at a point at least 54 downstream of the tube

length described in 5.2.8. Turbines or thermal meters that do not contain flow straighteners should be installed
at least 104 downstream.
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5.2.10 Tubes and connectors consistent with the port size of the valve shall be used.

5.3

5.3.1
5.3.2
5.3.3

Pressure-tapping points
Static pressure measuring connections shall be used in accordance with ISO 9110-2.
For all classes of measurement accuracy, single pressure tapping shall be used.

Tapping shall not be installed on the lowest point of the tube.

6 Test procedures

6.1 |Measurement accuracy
The tgst shall be carried out to one of three classes of measurement, A, B or C, as defined in ISQ 9110-1. The
measyirement class shall be as agreed between the parties concerned. Permissible systematic|errors for the
measlirement classes shall be as shown in Table 2.
Table 2 — Permissible systematic errors of measuring instruments
as determined during calibration
Parameter of measuring instrument Permissible systematic errors for classes
of measurement accuracy
A B C

Flow fate, ¢, expressed in percent +1,0 +2,0 +3,0
Differgntial pressure, Ap, expressed in percent +1,0 +3,0 +5,0
Tempeprature, expressed in kelvins +0,5 +1,0 +2,0
6.2 [Test fluid
6.2.1 | A test fluid approved by the manufacturer of the valve shall be used when carrying oyt the tests. A
description of the fluid shall be recorded, and its mass density, p, and kinematic viscosity, v, fof the range of
tempgrature used in the test;shall be stated.
6.2.2 | The fluid cléanliness level shall be maintained within the limits recommended py the valve
manufacturer.
6.2.3 | For class A or B measurement accuracy, the mass density, p, and the kinematic viscosity, v, from fluid
samples taken from the test installation shall be measured immediately before the test.
6.2.4 —Fer-—class-Ceasurement-aceuracy—is-permissible-teo—use-density-ane-viseosity-data—obtained from
the fluid supplier.

6.3 Temperatures

6.3.1 The fluid temperature shall be controlled during the test within the limits specified in Table 3.

Table 3 — Permissible variation in indicated fluid temperature

Class of measurement accuracy A B C
Variation in temperature indication, expressed in kelvins +1,0 +2,0 +4,0

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=2df6f38da166b6ae8f7665ad5c00a479

ISO 4411:2008(E)

6.3.2 The test shall be carried out within the range of fluid temperatures recommended by the valve

manufacturer

for the intended application of the valve.

6.4 Steady-state conditions

6.4.1

All readings shall only be recorded after steady-state conditions have been reached.

6.4.2 When steady-state conditions are reached for a specific test condition, only one set of readings of
individual quantities shall be taken over concurrent common time periods. Each reading shall be recorded as
the mean value of each quantity being measured.

6.5 Procedure

6.5.1 Instal| the test valve in the test circuit using the upstream and downstream ports in the valve\or|in the
tapping plate ps required.

6.5.2 Set the valve control for the flow path (or flow rate) required, if applicable.

6.5.3 The number of sets of readings to be taken and their distribution over the range shall be selegted to
give a represg¢ntative indication of the performance of the valve over the full range of(flow selected for th¢ test.
6.5.4 For epch flow selected in 6.5.3, measure the upstream pressure and the.downstream pressure] If the
test valve is g subplate-mounted type, skip 6.5.5 and 6.5.6.

6.5.5 If the| test valve is a line-mounted type, remove it from the.test circuit and connect the lines as
specified in 6[5.1 to complete the test circuit without the test valve.<This step is not necessary when |a test
circuit in accordance with 5.2.2 is used.

6.5.6 Repept the pressure measurements of 6.5.4.

6.6 Pressure differential calculation

6.6.1 Wherge appropriate, correct each pressure-reading for pressure head effects in accordancg¢ with
ISO 9110-2.

6.6.2 Calculate the measured pressure differential for each reading in 6.5.4 by subtracting the downgtream
pressure from the upstream pressure. If the test valve is a subplate-mounted type, skip 6.6.3 and 6.6.4.

6.6.3 If theftest valve is a line-mounted type, calculate the tare pressure differential for each reading in 6.5.6
by subtracting the downstream pressure from the upstream pressure. Use a value of zero when a test|circuit
in accordancg with 5.2.2 is used:

6.6.4 If the|test valve js\a-line-mounted type, calculate the pressure differential, Ap, for each read|ng by
subtracting the tare pressure differential obtained in 6.6.3 from the measured pressure differential obfained
in 6.6.2.

6.7 Preserrtation of the test results

6.7.1

General

All test measurements and the results of calculations therefrom shall be tabulated by the testing agency and
preferably also presented graphically as described in 6.7.2.

6.7.2 Prese

ntation

The test results shall be presented dimensionally as a graph of pressure differential, Ap, against the flow rate,
qy- See Annex A for practical units. The kinematic viscosity and mass density at the controlled fluid
temperature shall also be stated. An example is shown in Figure 3.

For pilot check-valve cartridges, pilot relief valves or multifunctional valves with external drains, it is important
to ensure that the characteristics are system independent and generally valid.
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Figure 3 — Example of the presentation of test results

7 ldentification statement (reference to this International Standard)

the following statement be used in test reports, catalogues and sales literature:

XY

Standard that

“Test for the determination of pressure differential/flow characteristics of hydraulic valves conforms to
ISO 4411:2008, Hydraulic fluid power — Valves — Determination of pressure differential/flow characteristics.”
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