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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, Part2.
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.

4 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:
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Cylinders with piston rod
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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 1ISO 19973 series, this part 4 is intended to provide requirements and test conditions
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permit the assessment Ol the Inherent reliabllity of pneumaltiC pressure regulators.

hine producers need to know the reliability of the components that make up their machine’s
power system. Knowing the reliability characteristic of the component, the producers can

re are three primary levels in the determination of component reliability:
preliminary design analysis — finite element analysis (FEA), failure maode_and effect analysis (

laboratory testing and reliability modelling — physics of failure; \reliability prediction, prg
evaluation;

collection of field data — maintenance reports, warranty analysis.

h level has its specific application during the life of a component. A preliminary design analysis
tify possible failure modes and eliminate them or,reduce their effect on reliability. When prg
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INTERNATIONAL STANDARD ISO 19973-4:2007(E)

Pneumatic fluid power — Assessment of component reliability
by testing —

Part 4:
Pressure regulators

1 |Scope

Thig part of ISO 19973 provides test procedures for assessing the reliability of pneumatic pressurge regulators
by festing and the methods of reporting the results of testing. General test/conditions and the{ calculation
method are provided in ISO 19973-1. The methods specified in ISO 19973<1 apply to the first faijure without
repairs, but exclude outliers.

Thel lifetime of pneumatic pressure regulators is usually given as-a.snumber of cycles. Therefore, whenever the
termp “time” is used in this part of ISO 19973, this variable shalkbé understood as cycles.

Thig part of ISO 19973 applies to manually adjustable and remote-piloted pressure regulators, bgth relieving
and|non-relieving. This part of ISO 19973 does not apply. to pressure regulators that have a permapent bleed.

Thig part of ISO 19973 also specifies test equipmeént and failure criteria (threshold levels) for tesfs to assess
the feliability of pneumatic pressure regulators.

Thellife determined by the method in this part of ISO 19973 and in ISO 19973-1 is more conservafjve than the
life @xperienced in actual field service.

2 |Normative references
The| following referenced. documents are 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 diagramg — Part 1:
Graphi¢symbols for conventional use and data-processing applications

ISO 5598"), Fluid power systems and components — Vocabulary

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

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

1) Under revision.
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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, 1SO 19973-1,

IEC 60050-191 and the following apply. Where a conflict of definitions exists for a term in any of these

five

documents, the following priority order shall apply: first, ISO 19973-4; second, ISO 19973-1; third, ISO 6953-1;

fourth, ISO 5598; and fifth, IEC 60050-191.

3.1
body size

size of the regulator in relation to the size of its main ports: if the regulator has two main port sizes, the body
size is related to the larger port size; if the regulator has three main port sizes, the body size is related to the

middle port[size

4 Symbols and units
4.1 The units of measurement are in accordance with ISO 1000.

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

5 Test ¢quipment

5.1 Basif test equipment

5.1.1 Eagh pressure regulator to be tested shall be installed in a.test circuit that includes the compon
shown in Figure 1. Multiple test units of pressure regulators may use the same source of compressed air
each test unit shall have identical components in its test circuit.

ents
but

NOTE The basic circuit in Figure 1 does not incorporate allcthe safety devices necessary to protect against dampage

in the event pf component failure. It is important that those responsible for carrying out the test give due consideratig
safeguarding both personnel and equipment.

4

n to

supply

pressure gauge for measuring pressure p4

five-port directional control valve

pressure-measuring unit and shut-off valve or quick-action coupling for measuring pressure p3
pressure regulator under test (example)

o b WON -~

pressure-measuring unit and shut-off valve or quick-action coupling for measuring pressure p,

Figure 1 — Test circuit

2 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=b5ea7f8fd9c7ce6b8fcaf9568623b4db

ISO 19973-4:2007(E)

5.1.2 The pressure regulator may be oriented in any position.

5.1.3 Install pressure gauges or pressure-recording devices into the test circuit, using either quick-action
couplings or shut-off valves (see Figure 1, key items 4 and 6).

5.2 Directional control valve

An external pilot type or direct-operated type of directional control valve is used in the test circuit. The sonic
conductance, C, of the directional control valve used shall ensure that the requirements of 7.4.1 b) will be
reached.

5.3| Connecting piping

Thel outlet piping volume of the pressure regulator should be as small as possible.

6 |Test conditions

6.1| General test conditions

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

6.2| Inlet and outlet pressures
Thelinlet pressure for testing the regulators shall be 800 kPa-340 kPa.

The| outlet pressure set point shall be (80 + 5) % of the,inlet pressure or (80 + 5) % of the manufacturer’s rated
maximum outlet pressure, whichever is lower (see Figure 2, key item ps).

NOTE To compensate for initial drift, it may be-necessary to readjust the set point of the pressure regulator within
24 H before starting the test.

6.3| Pressure-cycle trace for the endurance test

Cyde the regulators in a manner tg_ensure that the outlet pressure drops below 10 %, and rises gbove 90 %,
of the set pressure during the cyele*(see Figure 2).

7 |Test procedure

7.1| Selectionof.test units
NOTE See"Annex A for a flow chart illustrating the test procedure specified in this clause.

Where several sizes of a regulator design use parts in common, select test units from the sizes {hat operate

moying. parts in the most severe manner. The control spring in each series which experiences |the highest
Strc-n At tha vwarkina nrancoien cohall ha tactad 1f tha ~racoirn el atar hady, hao e than ona nort SiZe (for

oot tHC VWOt g PTre oot T oo DT tCotC U T T PTrec oot Togumtor oot y oo orc—trar o

example, ports of sizes 1/4, 3/8 and 1/2 in a single body), only one port size shall be tested.

7.2 Timing of checks and measurements

7.21 The following checks and measurements shall be made before the endurance test, at measuring
intervals during the endurance test, and after the endurance test:

a) functional check in accordance with 7.3.1;
b) leakage measurement in accordance with 7.3.2.

7.2.2 The measuring intervals shall be determined in accordance with ISO 19973-1.

© 1SO 2007 — All rights reserved 3
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7.3 Type and scope of checks and measurements

7.3.1 Fun

ctional check

The test units shall be checked acoustically, optically and tactilely under test conditions to determine whether
the test units and the valves controlling them are operating correctly. The functional check is to see whether
switching failures, sticking, incorrect pressure levels at the regulator’s outlet over a 2 min period, or detectable
or audible leakage are occurring. Remarkable characteristics shall be documented.

7.3.2 Leakage measurement

The total le
at the inlet

7.4 Endudirance test

741 Cyq

a)

b)

c)

d)

Figure 2 prq

742 Op
checked pej

743 At
perform the
be adjusted

at the
side of

the ma
than 9
regulat

make 4

mainta

bkage (internal and external) shall be measured over a 2 min period, with the test pressure-apy
bort.

le the directional control valve at a rate determined as follows:

peginning of the test, record the maximum pressure and minimum pressure reached on the o
the pressure regulator (i.e. at the pressure gauge that measures p3)during the pressure cycle;

ximum pressure reached on the outlet side of the pressure redulator shall be equal to or gre
) % of the set pressure, and the minimum pressure reached\on the outlet side of the pres
br during the exhaust phase shall be less than 10 % of the set pressure;

djustments to the cycle rate of the directional control valve to achieve these conditions;

n the cycle rate throughout the test.

vides an illustration of a typical pressure-cyclé trace.

brate the pressure regulators continuously. The test units and directional control valves sha
riodically to ensure that they are functioning properly.

pach measuring interval, energize the directional control valve. Record the set pressure,
leakage measurement specified in 7.3.2. The pressure setting of the pressure regulator shal
during this step.

lied

Ltlet

ater
sure

| be

hen
not
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Figure 2 — Typical pressure-cycle traces for the endurance test

Threshold levels

General

st unit shall be considered to have failed if any one of the threshold levels or failure criteria spg
Lgh 8.4 is reached:

Functional failure

8.3

Failure due to leakage

st unitshall be considered to have failed if it does not provide the functionality specified in 7.3.1.

cified in 8.2

A test unit shall be considered to have failed if the total leakage rate determined in 7.3.2 exceeds the
maximum allowable total leakage rate given in Table 1 for the body size tested.

© 1SO 2007 — All rights reserved
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Table 1 — Threshold values for total leakage rate measured during the test

8.4 Failu

A test unit s
whichever i

9 Data

The test da

10 Test |

Data shall 4

11 Ident

Use the fol
part of ISO

Maximum
Body size @ total leakage rate
dmd/h

M3, M5 and M7 2.2
1/8 3.2

114 43

3/8 54

1/2 8.1

3/4 11

1 14

1% 17

1% 22

2 27

@  See 3.1 for the definition of body size.

re due to pressure characteristics

hall be considered to have failed if it does not maintain the set pressure within £ 7 % or + 10 kPa,

5 greater, of its initial value at the start of the test.

analysis

a shall be analysed in accordance with/ISO 19973-1.

eport

e reported in accordance with ISO 19973-1.

fication statement

owing statement in test reports, catalogues and sales literature when electing to comply with|this

19973;

“Reliability

and lifetime of pneumatic pressure regulators assessed in accordance with 1SO 19973-4,

Pneumatic fluid power — Assessment of component reliability by testing — Part 4: Pressure regulators.”
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