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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 maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
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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Introduction

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 is intended to provide requirements and
test conditions that permit the assessment of the inherent reliability of pneumatic pressure regulators.

It is necessary that machine producers know the reliability of the components that make up their
machine’s pneumatic fluid power system. Knowing the reliability characteristic of the component, the
profducers can model the system and make decisions on service intervals, spare parts invé¢ntory, and
aregs for future improvements.

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

a) |preliminary design analysis — finite element analysis (FEA), failure mode and effert analysis
(FMEA);

b) [laboratory testing and reliability modelling — physics of failufe) reliability prediction, pre-
production evaluation;

c) |collection of field data — maintenance reports, warranty apalysis.

Each level has its application during the life of a component_Apreliminary design analysis |s useful to
identify possible failure modes and eliminate them or reduce their effect on reliability. When prototypes
are|available, in-house laboratory reliability tests are*tun and initial reliability can be determined.
Relfability testing is often continued into the initial‘production run and throughout the production
lifefime as a continuing evaluation of the component: Collection of field data is possible when products
areloperating and data on their failures are avajlable.

© IS0 2014 - All rights reserved v
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Scope
5 part of ISO 19973 provides test procedures for assessing the reliability of pneumat

calculation method are provided in ISO 19973-1. The methods specified @n1SO 19973-1 3
I failure, as obtained with the three-points moving average (3PMA) method, without 1
uding outliers.

lifetime of pneumatic pressure regulatorsis usually given as a nufuber of cycles. Thereforg
term “time” is used in this part of ISO 19973, this variableshall be understood as eithe

h

5 part of ISO 19973 applies to manually adjustable ahd remote-piloted pressure regul
bving and non-relieving. This part of ISO 19973 does hot apply to pressure regulators
manent bleed.

5 part of ISO 19973 also specifies test equipment and failure criteria (threshold levels)
ess the reliability of pneumatic pressure regulators.

life determined by the method in this*part of ISO 19973 and in ISO 19973-1 will be m
ted to applications that have a largé.variation in flow rate.

E See Annex A for a flow chart illustrating the test procedure specified in this part of ISO 19

Normative referemnces
following documents, in whole or in part, are normatively referenced in this docume

rences, the latest edition of the referenced document (including any amendments) applig

1219-1,¥luid power systems and components — Graphical symbols and circuit diagram
bhical Symbols for conventional use and data-processing applications

C pressure

Ilators by testing and the methods of reporting the results of testing. General test conglitions and

pply to the
epairs, but

,whenever
r cycles or

htors, both
hat have a

for tests to

ore closely

973.

nt and are

spensable for itsJapplication. For dated references, only the edition cited applies. F¢r undated

S.

— Part 1:

5598, Fluid power systems and components — Vocabulary

[SO 6953-1, Pneumatic fluid power — Compressed air pressure regulators and filter-regulators — Part 1:
Main characteristics to be included in literature from suppliers and product-marking requirements

ISO 6953-3, Pneumatic fluid power — Compressed air pressure regulators and filter-regulators — Part 3:
Alternative test methods for measuring the flow-rate characteristics of pressure regulators

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

ISO

80000-1, Quantities and units — Part 1: General

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

1

To be published. (Revision of ISO 19973-1:2007)
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5598, ISO 6953-1, ISO 19973-1,
and IEC 60050-191 apply.

NOTE Where a conflict of definitions exists for a term in any of these four documents, the following priority
order shall apply: first, ISO 19973-1; second, ISO 6953-1; third, ISO 5598; and fourth, IEC 60050-191.

4 Symbols and units

4.1 Th

4.2 Th¢ graphic symbols used in this part of ISO 19973 conform to the requirements of ISO~1219-1.

5 Test¢quipment
5.1 Basic test equipment

5.1.1 Eagh pressure regulator to be tested (test unit) shall be installed in atest circuit that inclydes
the compohents shown in either Figure 1 or Figure 2. Multiple test circuits can use the same sourde of
compressef air; if this is the case, each test circuit shall be composed-ofidentical components. Ann¢x B
describes an optional expanded test circuit that incorporates additiofhal'Ccomponents to isolate measufing
instruments.

Figure 1 illustrates a basic circuit that does not incorporate.all the safety devices necessary to profect
against damage in the event of component failure. It is important that those responsible for carryingout
the test givfe due consideration to safeguarding both personnel and equipment.

2 © ISO 2014 - All rights reserved
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5.1
pos
pos

supply

pressure gauge for measuring pressure, p1

five-port, two-position directional control valve

silencer

pressure regulator under test (i.e. test unit) (example)
volume

pressure gauge or transducer for measuring pressure, p2
pressure gauge or transducer for measuring pressure;\p3
shut-off valve or quick-action coupling

Figure 1 — Test circuit

2 An alternative test circuit in.accordance with Figure 2 can also be used, if the five
tion directional control valve (key item 3 in Figure 1) is too large. In this circuit, the two

tion directional control valyes shall be operated simultaneously.

Lport, two-
-port, two-
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Key

1 supply
2 pressuy
3  two-po
4  two-po
5 silence
6  pressuy
7  volume
8  pressuy
9  pressuy
10 shut-of]
5.1.3 Ift

5.1.4 Beflore installing the test units, perform a forward flow test on them in accordance {

ISO 6953-3

5.1.5 Ins

in Figure 1
or shut-off

AT T
o=

A
1

g

e gauge for measuring pressure, p1

t, two-position directional control valve (NC, normally closed)
't, two-position directional control valve (NO, normally open)
e regulator under test (example)

e gauge or transducer for measuring pressure, p2

e gauge or transducer for measuring pressure, p3
F valve or quick-action coupling

Figure 2 — Alternative test circuit

e body of the test unit has ports of two or three different sizes, use the largest port size.
Determine the forward.sonic conductance, Cy, of each test unitin accordance with ISO 695

(key items 2, 7,.and 8) or Figure 2 (key items 2, 8, and 9), using either quick action coupl
valves (key jtem’9 in Figure 1 and key item 10 in Figure 2).

5.2 Dirdctionalcontrol valve

An externd

| pilet'type or direct-operated type of directional control valve is used in the test circuit.

sonic cond

ctance, C, of the directional control valve used shall be greater than or equal to the (v,

vith
3-3.

Lall pressure measuring instruments (gauges or transducers) into the test circuit as shgwn

ngs

The

lue

measured for the test unit in 5.1.4. The size of the directional control valve shall also ensure that the
requirements of 7.3.1 b) will be fulfilled.

5.3 Volumes

Volumes 6 or 7, in Figures 1 and 2 respectively, shall be sized as described in Table 3 of ISO 19973-1:—.

6 Test conditions

6.1 General test conditions

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

4
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6.2 Inlet and regulated pressures

6.2.1 Theinletpressure to the testunit shallbe 800 kPa + 40 kPa, or the maximum rated inlet pressure,
if it is less than this value.

6.2.2 Theregulated pressure set point shall be 80 % (x5 %) of the inlet pressure or 80 % (+5 %) of the
manufacturer’s rated maximum regulated pressure, whichever is lower (see Figure 3). When obtaining
this setting, the adjustment shall be made while regulated pressure is increasing. If the pressure exceeds
the desired set point during this process, the pressure shall be reduced well below the desired set point
and adjusted again while regulated pressure is increasing. The set point shall never be obtained while
regulated pressure is decreasing.

6.2]3 To compensate for initial drift before starting the test, carefully readjust the set peinf of the test
unif to the conditions described in 6.2.2 after 24 h of continuous cycling. Record thisteset pressure as
thelinitial set pressure.

7 |Test procedure

7.1 Timing of checks and measurements

711 The following checks and measurements shall be made befere the endurance test, atjmeasuring
intgrvals during the endurance test, and after a test unit is remeved from the test:

a) [functional check in accordance with 7.2.1;
b) [set pressure and leakage measurement in accordance with 7.2.2.

7.1.2 The measuring intervals shall be determined in accordance with ISO 19973-1.
7.2] Type and scope of checks and measurements

7.2{1 Functional check

Test units shall be checked acoustically, optically, and tactilely and frequently under test conditions to
det¢rmine whether the test units‘and the valves controlling them are operating correctly. THe objective
is tp determine whether switching failures or incomplete charging or discharging at tHe outlet is
occirring. Determine if there is audible or detectable leakage. If any of these conditions ar¢ observed,
perform the tests specified in 7.2.2. Otherwise, any remarkable characteristics shall be docymented.

7.2{2 Set pressure and leakage measurements

At gach medsuring interval (as determined in 7.1.2), energize the directional control valvd and allow
the|temperature to stabilize. Record the set pressure, then record the total leakage measufement (i.e.
the|sum of internal and external leakage) over a 2 min period with the test pressure as gpecified in
6.2 [1"applied to the inlet port. Leakage shall be measured with a flow meter before the inlgt port. The
pressure setting of the test unit shall not be adjusted during this step, nor readjusted afterwards.

7.3 Endurance test

7.3.1 Cycle the directional control valve at a rate determined as follows.

a) Atthe beginning of the test, record the maximum pressure and minimum pressure reached on the
outlet side of the test unit (i.e. at the pressure gauge that measures p3) during the pressure cycle.

b) Ensure that the maximum pressure reached on the outlet side of the test unit is equal to or greater
than 98 % of the initial set pressure, and the minimum pressure reached on the outlet side of the
test unit during the exhaust phase is less than 10 % of the initial set pressure (see 6.2.3).

© IS0 2014 - All rights reserved 5
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c) Adjustthe directional control valve cycle time to achieve these conditions, keeping t1 and tg as small
as possible.

d) Maintain a constant cycle rate throughout the test. No adjustments shall be made to this rate or to
the set point.

e) Repeatthe pressure measurements in step a) occasionally during the test.

Figure 3 provides an illustration of a typical pressure cycle trace.

1 N

p

1

p

s
98% Ps

10%;)8 - - -

ket EEELELEL S TL L LY Bl CE ]

Key

p presgure

t time

0 time|period during which the directional control valve is de-energised
1 time|period during which the-directional control valve is energised
2 possjble overshoot

t1,to dwell time between préssure changes

p1 inlet{supply presstre

p2 tracq of pressure at inlet of test unit

p3 tracq of pressure at outlet of test unit

Ds set pressure of test unit

Figure 3 — Typical pressure-cycle traces for the endurance test

7.3.2 Operate the test units continuously. Test units and directional control valves shall be checked
periodically to ensure that they are functioning properly as described in 7.2.1.

If test units fail between consecutive observations, the termination life cycle count shall be determined
in accordance with ISO 19973-1.

6 © ISO 2014 - All rights reserved
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8 Failure criteria and threshold levels

8.1 General

A test unit shall be considered to have failed if any one of the threshold levels or failure criteria specified
in 8.2 through 8.4 is reached. The evaluation method of failures is described in ISO 19973-1.

8.2 Functional failure

A test unit shall be considered to have failed if it does not provide the functionality specified in 7.2.1.

8.3| Failure due to leakage

A tgst unit shall be considered to have failed if the total leakage rate determined in 7.2.2 gxceeds the
maximum allowable total leakage rate given in Table 1. (The threshold valugsfor leakage rate are
devgloped as described in Annex B of ISO 19973-1:—2)).

Table 1 — Threshold values for maximum total leakage rate(in relation to the s¢nic
conductance of the test unit

Sonic conductance, Ct Maximum Jeakage rate
dm3/(s-bar) (ANR) dm37h(ANR)a
Ce<1 8,0
1<(Cr<1,6 10
1,6 <(Cr< 2,8 13
2,8<(Cr<4,6 17
4,6 <(Cf<8 22
8<(Cr<18 28
13 <Cg=22 37
22:</Cr< 36 47
36 <(Cr< 60 60
60 < Cr< 100 80
100 < C¢ 100
a  Inaccordance with ISO 8778.

8.4| Failureidue to pressure characteristics

A t¢st unit;shall be considered to have failed if it does not maintain the set pressure wjthin +*7 %
or #10kPa, whichever is greater, of its initial value at the start of the test (as measured in 6.2.3).

8.5 Customised agreements

Individual customers and industry segments can use different threshold levels and requirements that
do not conform to ISO 19973. Special agreements shall be documented in test reports and in catalogue
data.

9 Data analysis

Test data shall be analysed in accordance with ISO 19973-1. An example of a test data sheet is shown in
Annex C of this part of ISO 19973.

2) To be published. (Revision of ISO 19973-1:2007)
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10 Test report

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

11 Identification statement (reference to this part of ISO 19973)

Use the following statement in test reports, catalogues, and sales literature when electing to comply
with this part of ISO 19973:

“Reliability and lifetime of pneumatic pressure regulators assessed in accordance with ISO 19973-4,

Pneumatic

”

fluid power — Assessment of component reliapllity by testing — rart 4: rressure regulators|

© ISO 2014 - All rights reserved
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Annex A
(informative)

ISO 19973-4:2014(E)

Flow chart illustrating the test procedure specified in this part of

NO
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This flow chart applies to each test unit individually.

Construct test circuit (clause 5)

A 4

Determine operating pressures (6.2),
test cycle rate (7.3.1) and
measuring interval (7.1.2)

A 4

Perform baseline testing of units
under test (Figure 3)

A 4

Start test and stop after'24 h.
Readjust set point(6.2.3).

A

Run test\at test cycle rate
determined in 7.3.1 d)

\4

Stop test at measuring interval
determined in 7.2.2

.

Continue testing to failure
(threshold values)
(as defined in clause 8)

A4

Record data generated during test
(7.2.2and 7.3.1 €)

A

\_ﬂ’_//—

Has failure
occurred?

( End test for the test unit >
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Optional expanded test circuit

Annex B
(informative)

The test circuit in Figure 1 is a basic type that includes the minimum required components. The

X nd d Glrecdtchaurn in g P 1 ic antinanal and i incladac cononaontctht bhalntaicalata oo -in
eXpa ed (HFeEsevwhHseafe SheHIerH e Herp-te-156rate-Heas H g

D To O pPtrotrot

fation. The isolation valves prevent pressure from being imposed on the instruments dufing
operation but can be actuated to allow recording during the measurement periods.(Tablg B.1
basurement steps for the optional expanded test circuit shown in Figure B.1.
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S1toS3
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V5
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S2 S3
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:
i

Flow meter
Prgssurésensors
Rewgulator under test

3

AV

‘é—é~
:
E:

vi

V7,

Volume
Inlet shut-off valve
Cycling valve

V3 & V8 Isolation valves
V4 to V7 Sensor shut-off valves

10

Figure B.1 — Optional expanded test circuit

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=fb938f31239afe49acabece2ca8d393a

ISO 19973-4:2014(E)

Table B.1 — Measurement steps

Step Cycling operation
1 Close valves V4 and V5
2 Open valves V1,V3,V6,V7 and V8
3 Energize valve V2 but do not cycle it
4  |Setpressures to required values
5 Cycle valve V2 and observe pressures
6 Close valves V6 and V7 and continne cycling data recording aperation
7 Open valves V6 and V7 and record pressures cycling
8 Stop cycling V2 and leave it in an energized state
9 Close valve V3 and V8
10 |Openvalves V1, V4,V5,V6,and V7
11 |Perform set point and leakage measurements
12 |Close valves 4, V5, V6, V7; open valves V1, V3, and V8
13 |Resume cycling operation of valve V2

© IS0 2014 - All rights reserved
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Annex C
(informative)

Test data sheet

An example of a test data sheet is shown on the next three pages.
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