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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
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mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.
hsk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for votingy “Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

P was prepared by Technical Committee ISO/TC 131, Fluid power systems.

consists of the following parts, under the general title. Pneumatic fluid power — Assessmef
reliability by testing:

General procedures
Directional control valves
Cylinders with piston rod

Pressure regulators
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roduction

In pneumatic fluid power systems, power is transmitted and controlled through a gas under pressure within a
circuit. Pneumatic fluid power systems are composed of components and are an integral part of various types
of machines and equipment. Efficient and economical production requires highly reliable machines and
equipment. Within the ISO 19973 series, this Part 2 is intended to provide requirements and test conditions
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permit the assessment Of the Inherent reliabllily of pneumatiC and electro-pneumatiC directl
eS.

necessary that machine producers know the reliability of the components that make up thei
Lmatic fluid power system. Knowing the reliability characteristic of the component;”the pro
el the system and make decisions on service intervals, spare parts inventory”and area
fovements.

re are three primary levels in the determination of component reliability:

preliminary design analysis: finite element analysis (FEA), failure mode
analysis (FMEAY;

laboratory testing and reliability modelling: physics of “failure, reliability prediction, pre
evaluation;

collection of field data: maintenance reports, warranty analysis.

h level has its application during the life of a ecamponent. A preliminary design analysis is usef

buse laboratory reliability tests are run and’initial reliability can be determined. Reliability tes
inued into the initial production run and-throughout the production lifetime as a continuing €
component. Collection of field data-is\possible when products are operating and data on their
lable.

nal control

r machine’s
ducers can
5 for future

and effect

-production

il to identify

Sible failure modes and eliminate them or reduce their effect on reliability. When prototypes afe available,

ing is often
valuation of
failures are
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Pneumatic fluid power — Assessment of component reliability

by testing —

Part 2:

Directional control valves

1 |Scope

Thig part of ISO 19973 provides test procedures for determining the reliability of prieumatic directipnal control
valMes by testing and the methods of reporting the results of testing. General test conditions and the
calqulation method are provided in part 1 of ISO 19973. The methods specified’in that part of ISO 19973 apply
to the first failure without repairs, but exclude outliers.

Thel lifetime of pneumatic and electro-pneumatic directional contral,valves is usually given as § number of
cycles. Therefore, whenever the term “time” is used in this part of ISO 19973, this variable is be unfderstood as
cycles.

Thig part of ISO 19973 also specifies test equipment and-threshold levels for tests to determine the reliability
of pheumatic directional control valves.

2 [Normative references

Thel| following referenced documents ar€;indispensable for the application of this document| For dated
references, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO|1000, S/ units and recommendations for the use of their multiples and of certain other units

ISO[1219-1, Fluid power’ systems and components— Graphic symbols and circuit ¢iagrams —
Part 1: Graphic symbols. for conventional use and data-processing applications

ISO| 5598, Fluid powér systems and components — Vocabulary

ISO|6358, Pneumatic fluid power — Components using compressible fluids — Determination of flow-rate
characteristics

ISOL8Z78, Pneumatic fluid power — Standard reference atmaosphere

ISO 19973-1, Pneumatic fluid power — Assessment of component reliability by testing — Part 1: General
procedures

IEC 60050-191, International Electrotechnical Vocabulary, chapter 191: Dependability and quality of service

3

Terms and definitions

For the purposes of this document, the terms and definitions given in 1SO 5598, I1SO 19973-1 and
IEC 60050-191 apply. Where a conflict of definitions exists for a term in any of these three documents, the
following priority order applies: first, ISO 19973-1; second, ISO 5598; and third, IEC 60050-191.
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4 Symbols and units

4.1 Units of measurement are in accordance with ISO 1000.

4.2 Graphic symbols used in this part of ISO 19973 conform to the requirements of ISO 1219-1.

5 Test equipment

5.1 Basic test equipment

Basic test Wmmmmﬁmrﬁmﬁwmﬁﬂm to
exhaust pofts shall not restrict the valve’s flow rate.

The basic dircuits in Figure 1 do not incorporate all the safety devices necessary to protect against damade in
the event ¢f 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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a) Two-position bi-stable valves
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Figure 1 — Basic test equipment requirements (continued)
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b) Two-position monostable valves with spring or air return
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c) Three-position valves

Key
1t05 ports 9 valve being tested
6 control signal: electrical, pneumatic, or pilot-operated 10  volume at working ports
7  spring or air-spring return 11 supply pressure to port 1

8 spring return to centre position
The pilot supply can be either internal or external as long as it has the capability described in 8.3.

Figure 1 — Basic test equipment requirements
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5.2 Volume at working ports

The volume at the working ports depends on the valve’s sonic conductance, C, as determined in accordance
with ISO 6358. The volumes shall meet or exceed the minimum values given in Table 1.

CAUTION — During testing, the volumes at working ports can become hot. It is necessary to take care
to protect personnel.

Table 1 — Minimum volume at the working ports, based on valve’s sonic conductance

5.3 Recommended tube sizes for supply line

5.31 Co:l\nnect the volume to the working ports of‘the test units either directly or by means of section

tubes, in a

5.3.2 Tul
and vented

54 Simu

When testifg pneumatically coperated valves, several test units may be operated simultaneously from
E. In doing so, the Control pressure described in 6.2.1 shall be applied to all test units.

control valv,

6 Test(

Sonic conductance
C

Minimum volume at working ports

mi
dm3/(s-MPa)

C<4 2
4<C<40 10
40<C< 120 25
120 < C < 200 50
200 < C < 400 100
C <400 200

anner that does not restrict flow.

conditions

6.1 Generaltest conditions

Itaneous operation-of multiple pneumatically operated valves

s of

es in the connecting lines shall be kept as short as possible so that the volumes can be chafged
within the times provided by the control signal.

one

The general test conditions shall be in accordance with ISO 19973-1.

6.2 Cycling frequencies

6.2.1 Actuate the test valves in a manner to ensure that the pressure in the working port volumes drops
below 10 %, and rises above 90 %, of the supply pressure during the cycle.

6.2.2 The ratio between the actuation-impulse on/off times shall be 1:1.

© 1SO 2007 — All rights reserved
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6.2.3 For monostable two-position valves, the control signal shall be applied in accordance with Figure 2.

nr

A

 J

Key
ny |cycle

ms

0,5/71'

0,5/71'

A

Figure 2 — Control signal for monostable twosposition valves

A
A

time, expressed in milliseconds

 J

6.2.4 For bistable and three-position valves, the control signal shall be applied in accordance with Figure 3.

nr

Y

A

ms

Key
ny cycle

\ )

0,250+

0,25n7

tms time, expressed in milliseconds

ms

Figure 3 — Control signal for bistable and three-position valves
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7 Test measurement periods

7.1 Timing of checks and measurements

7.1.1 The following checks and measurements shall be made before, during and after the endurance test:

— functional check in accordance with 7.2;
— leakage measurement in accordance with 8.1;

— measurement of pressure characteristics in accordance with 8.2 and 8.3.

7.1.2 Meagsuring intervals shall be determined in accordance with ISO 19973-1.

7.2 Fungtional check

Test units ghall be checked acoustically, optically and tactilely under test conditions to determine whether
test units gnd the valves controlling them are operating correctly. The functional checkis to see whe
switching failures, sticking, incomplete charging of an output or detectable or audible leakage are occur
Remarkabl¢ characteristics shall be documented.

If test unitg fail between consecutive observations, the termination cycle count shall be determine
accordanceg with ISO 19973-1.

8 Test measurement requirements

8.1 Leakage measurement

8.1.1 The total leakage (internal and external) shall be‘measured in each case in all valve positions
working pressure applied to the inlet port.

8.1.2 In dddition, the following types of leakage(may be measured for the valve type indicated:

— for pneumatically controlled valves: leaKage rate in all internal pneumatic pilot lines and control cham
withouf working pressure applied to.the'inlet port, but with pilot pressure applied;

— for valyes with auxiliary pilot-air-“leakage rate in all internal pneumatic pilot lines in all valve posit]
withouf working pressure applied to the inlet port, but with pilot pressure applied;

— for thrge-position valves'with closed centre position: leakage rate in the closed centre position at the g
outlet ports with inlét'pressure applied to the inlet port; then leakage at the exhaust ports after appl
working pressure-to'the outlet ports;

— for thrde-position valves with other types of centre positions: leakage rate at the exhaust ports with
valve i the centre position and with working pressure applied to the inlet port;

the
ther
ing.

H in

with

pers
ons

pen
ying

the

— for electrically controlled bistable valves: leakage rate in each valve position with the solenoid energ
and de-energized.

ized
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8.2 Measurement of immediate shifting pressures

8.2.1 Determination of correct shifting

To determine if the test unit is shifting correctly, that is, whether the pressure at the outlet ports of a test unit
increases and decreases fully without leakage, a pressure gauge shall be connected to the outlet ports of the
test unit (see Figure 4).

[~ T
6 71 ___ ___[XI'6
[~ W

61 ___ v __r<t6

N

61 [

Key
1top ports
6 rontrol signal: electrical, pnéumatic or pilot-operated

Figure 4 — Measuring circuit

8.2.2 Measurement for monostable two-position valves

8.2.2.1 Shifting pressure for electrically operated valves

For|valves with internal pilot supply, apply the electrical control signal (with nominal voltage) altefnately ON-
OFF and increase the pressure continuously on port 1 until correct shifting is observed.

For valves with an external pilot supply, apply working pressure to port 1. Apply the electrical control signal
(with nominal voltage) alternately ON-OFF and increase the pressure continuously on the pilot port until
correct shifting is observed.

8.2.2.2  Shifting pressure for pneumatically operated valves

Apply working pressure to port 1. Activate the control valve alternately ON-OFF and increase the pressure on
the pilot until correct shifting is observed.

© 1SO 2007 — All rights reserved 7
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surement for bistable valves and three-position valves

Shifting pressure for electrically operated valves

For valves with an internal pilot supply, apply the electrical control signal (with nominal voltage) at each side
alternately and increase the working pressure continuously on port 1 until the valve shifts in all valve positions.

For valves with an external pilot supply, apply the working pressure to port 1. Apply the electrical control signal
(with nominal voltage) at each side alternately and increase the pilot pressure continuously until the valve
shifts in all valve positions.

g

\

8.2.3.2

Apply the w
pressure at

8.2.4 Data to report

The pressu

8.3 Measurement of shifting pressures after rest period

Every time
motionless
next shift 1
increase or
shifts.

If the test
supplement
permit cont

9 Threshold levels

hifting pressure for pneumatically operated valves

orking pressure to port 1, apply control signal at control valves alternately and increase the
the control valves continuously until the valve shifts in all valve positions.

re at which correct shifting occurs shall be recorded and reported as the-shifting pressure.

a function test is conducted, perform the test specified in 8.2vafter the test units have rema
for 24 h in the pressurized condition. Monostable valves shall remain in the position from which
equires the higher shifting force. With supply pressure’continuously applied to the inlet

decrease the pilot pressure until the valve shifts. Record the pilot pressure at which the valve

valves are internal pilot types, use the external pilot exhaust port to either apply or redug
ary pilot pressure for this test. If necessary;the pilot flow path in the test valve may be modifig
ol of this supplementary pilot pressure,

it shall be considered to fail if any one of the threshold levels or failure criteria specified in
is reached.

tional failure

t shall’be considered to fail if it does not provide the functionality specified in 7.2.

pilot

ned
the
bort,
first

9.2

9.1 Gengral
The test un
through 9.4
9.2 Fung
The test un
9.3 Failu
9.3.1

Te due to teakage

The leakage of new test units shall not exceed the manufacturer’s specifications for this characteristic.

9.3.2 The test unit shall be considered to fail if the total leakage at any position, measured in accordance

with 8.1, ex

ceeds the values in Table 2.

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=8d329475264a9ebf3d37344c61c13ec0

ISO 19973-2:2007(E)

Table 2 — Threshold values for leakage rate measured during the test

Maximum leakage rate

9.4

The)
pnel

pregsure given in the manufacturer’s datasheet or product specification.

10 |Data analysis

Tesk

11 |Test report

Data shall be.reported in accordance with ISO 19973-1.

12 lidentification-stat ref " 5649973

Sonic conductance dm3/h (ANR) 2
¢ Valves with Valves with
dm3/(s-MPa) soft sealing metal-to-metal sealing
(class 1.5 9) (class 2.5 9)
C<10 6,0 60
=<6 8;6 86
16<C<28 11,0 110
28<(C <46 14,0 140
46<C<80 18,0 180
80 <C <130 23,0 230
130 < C <220 30,0 300
220 < C < 360 38,0 380
360 < C < 600 50,0 500
600 < C < 1000 63,0 630

@  In accordance with ISO 8778.

b See Annex A.

Failure due to pressure characteristics

test unit shall be considered to have (failed if the pressure characteristics for solenoiq

valves or

matically operated valves measured.lin accordance with 8.2 and 8.3 exceed the minimym working

data shall be analysed in accordance with ISO 19973-1.

It is strongly recommended to manufacturers who have chosen to conform to this part of ISO 19973 that the
following statement be used in test reports, catalogues and sales literature:

“Reliability and lifetime of pneumatic valves assessed in accordance with ISO 19973-2, Pneumatic fluid
power — Assessment of component reliability by testing — Part 2: Directional control valves.”
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Annex A
(informative)

Determination of threshold values for leakage rates

A.1 Introduction

The threshqld values listed in Table 2 were determined according to the method described in this annéex: [This
method allgws a systematic determination of threshold values for pneumatic components. The equations in
this annex flo not describe physical correlations or physical laws but are used only for the calculation off the
threshold values.

A.2 Sympols

The symbols listed in Table A.1 are used in this annex.

Table A.1 — Symbol list

Symbol @ Description Sl unit

C Sonic conductance dm3/(s-MPa)

Subscript for critical values, e.g. for threshold orsize —

S Component size
. . . ) ) millimetres raispd
Representative dimensions or performance data, such as piston diameter or to the nth power

nominal diameter

K Leakage level coefficient dm?3 /h (ANR

mmn

m Threshold class (superscript)

Groups of pneumatic components can be allocated to different threshold levels by _
using a threshold class factor. This may be necessary to concern different quality
classes or désign principles.

n Slope index (superscript)

Thesphysical correlation between leakage and its cause is described by the slope
indéx. The value of n is limitedton=1orn=2.

For linear correlations, such as diameter of a piston or length of a sealing device,
the slope indexis n=1.

For squared correlations, such as area of orifices or related energy, the slope index

isn=2.
Dabs Absolute working pressure megapascals
q Threshold value dmd/h (ANR)

@  Other symbols can be used in other documents.
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