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European foreword

This document (prEN 17955:2023) has been prepared by Technical Committee CEN/TC 69 “Industrial
valves”, the secretariat of which is held by AFNOR.

This document is currently submitted to the CEN Enquiry.
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Introduction

Mechanical components such as valves or actuators are integral parts of many automated safety
instrumented systems. Itis therefore necessary to assess the suitability of mechanical components within
the safety functions as well as those of electrical components. This document defines aspects for
implementing safety functions with mechanical components. It describes procedures and methods with
which all relevant components may be evaluated in order to integrate them into a safety-related system.
It can also be applied to the mechanical parts of a component if it consists only partially of mechanical
parts.

In the case of mechanical components, separation between random and systematic failures is not always
possible. A method for determining random failure rates is described. Failures of unknown origin might
be included in a random failure rate in the sense that all causes of systematic defects are not known yet.
Hence, the random failure rate has to be understood as a worst case estimation which includes failures
of unknown origin. This method may be used in cases where no clear identification of failure mechanisms
(e.g. fatigue, wear or ageing) is possible. Any other identified systematic failures can be prevented by
systematic measures according to the principle “first qualify - then quantify”. Systematic fault avoidance
measures are for example functional safety management, design calculation, fabrication surveillance,
testing or user instructions.

This document is for manufacturers of final elements or their components to enable a consistent
approach to evaluate the functional safety of their components. The components are considered
individually according to the specifications of this document. The final combination is evaluated
according to the principles defined in EN 61508-1, -2, -4, -6 and -7 and derived application standards
such as EN 61511-1 and -2.
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1 Scope

This document defines the procedures and methods with which all relevant mechanical components of
automated industrial valve packages that are used as final elements in a safety instrumented system can
be evaluated according to the principles of EN 61508-1, -2, -4, -6 and -7 in order to integrate them into
a safety instrumented system (SIS). It provides a method to determine all relevant factors, associated
with the product, which should be fully taken into account and thereby meet the specific needs of users
of the product.

The basic prerequisite for the application of this document is that the intended use is known. This
document describes a system to avoid systematic faults to achieve the targeted Safety Integrity Level.

This document applies to automated industrial valve packages that are used as final elements in a safety
instrumented system. It is applied to single components (e.g. valve, actuator or mechanical parts of
solenoid valves) or to assemblies of several of these components and interconnecting parts (e.g. gears,
adaptors, brackets, etc.). Electrical, electronic or programmable electronic parts have to be assessed
according to EN 61508-1, -2, -4, -6 and -7.

This document does not apply to:
— manually operated valves;

— components in safety systems or risk-reducing devices that are not assessed and operated according
to the principles of functional safety (e.g. automatic safety valves like pressure relief valves).

The methods described can also be used for other mechanical components in a final element of the safety
instrumented system if the applicability is confirmed by appropriate expert knowledge (e.g. dampers,
brakes, clutches).

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

EN 61508-1:2010, Functional safety of electrical/electronic/programmable electronic safety-related
systems - Part 1: General requirements

EN 61508-2:2010, Functional safety of electrical/electronic/programmable electronic safety-related
systems - Part 2: Requirements for electrical/electronic/programmable electronic safety-related systems

EN 61508-4, Functional safety of electrical/electronic/programmable electronic safety-related systems -
Part 4: Definitions and abbreviations

EN 61508-6, Functional safety of electrical/electronic/programmable electronic safety-related systems -
Part 6: Guidelines on the application of IEC 61508-2 and IEC 61508-3

EN 61508-7:2010, Functional safety of electrical/electronic/programmable electronic safety-related
systems - Part 7: Overview of techniques and measures

EN IEC 60812, Failure modes and effects analysis (FMEA and FMECA)
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in EN 61508-4 and the following apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

3.1
part
smallest device, not being an assembly

Note 1 to entry: These parts typically do not have a related safety function and cannot be assigned a standalone
safety statement.

Note 2 to entry: Typical mechanical parts are e.g. a rod, a bearing, a seal, or a screw.

3.2
functional unit
combination of parts that performs or is responsible for a function of a component

Note 1 to entry: Typical functional units are e.g. body, packing, seat/trim, spring set or gearing system.

3.3

component

segment of a safety-related system that is assigned a component safety instrumented function and a
safety statement and also a product sold by a manufacturer in combination with a safety statement
(defined in its safety manual) for a component-related safety function

Note 1 to entry: EN 61511-1 and -2 is using the term device in an equivalent way.

Note 2 to entry: A typical mechanical component can be an actuator, a positioner, a solenoid valve, a valve, a gearbox
or a complete final element containing e.g. an actuator and a valve.

Note 3 to entry: A component comprises parts. Different components can be assembled together with parts to form
a final element or safety-related system.

Note 4 to entry: A method for combining several components is described in EN 61508-1, -2, -4, -6 and -7,
EN 61511-1 and -2.

3.4

final element

subsystem that is classified as consisting out of various components which are used in combination in a
safety-related system

Note 1 to entry: A typical final element is shown in Figure 1.


http://www.electropedia.org/
http://www.iso.org/obp
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Figure 1 — Boundary definition - valves (EN ISO 14224:2016, A.2.5.4 modified)

Note 2 to entry: Final elements, in the context of this document, generally consist of industrial valves with actuators
and other components for operating the valve, such as solenoid valves, gearboxes or positioners.

Note 3 to entry: The boundary between the different components of a final element is part of the corresponding
product standards.

3.5

manufacturer

any person or company who designs and/or manufactures components or an assembly of components
and markets that component or assembly under his own name or trademark or uses it for his own use

Note 1 to entry: A manufacturer can also be a manufacturer of a final element.

3.6

system integrator

person or company, who combines components as a complete safety instrumented system to achieve the
function and safety requirements

Note 1 to entry: The system integrator is responsible for (overall) planning, for engineering and possibly for
installation and commissioning of complete safety instrumented systems, working in accordance with EN 61508-1,
-2, -4, -6 and -7 or derived standards. The system integrator can also be the end user or a third party contracted
by the end user. The system integrator has to demonstrate by procedures and by documentation that the safety
instrumented systems achieve the required SIL capabilities.
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3.7

final element integrator

integrator of the components and parts, responsible for the design, assembly and validation of the final
element subsystem

Note 1 to entry: The final element integrator can also be a manufacturer of one of more components included in the
final element subsystem.

3.8

end user

organisation that has overall responsibility for a process facility and its installed safety instrumented
system(s) during all safety lifecycle phases

Note 1 to entry: This includes- but is not limited to- the responsibility for the planning, installation,
commissioning, operation, maintenance and de-commissioning of the safety instrumented system(s). The end user
can outsource certain lifecycle phases or activities to sub-contractors.

3.9
utilization rate
total movements of the mechanical component per year

Note 1 to entry: This includes but is not limited to movements due to demand of the safety function plus movements
due to testing (automatic online diagnostic tests or manual tests) plus operations requested by the EUC control
system.

Note 2 to entry: EN 61508-2 defines different modes of operation, which only take into account the number of
demands of the safety function per year. However, for mechanical components the primary fault mechanism largely
depends on the overall number of movements of the component (including testing, demands by the EUC control
system, etc.), rather than depending on the number of movements due to a demand on the safety function only.
Therefore, this document defines a utilization rate in addition to the mode of operation to correctly take into account
different fault mechanisms like ageing, wear and fatigue.

Note 3 to entry: The utilization rate of different components in a SIF or a final element can differ, e.g. if some but not
all components are tested by a full stroke test or if some of the components are used for basic process control as
well.

Note 4 to entry: A partial stroke is considered as a movement and is therefore taken into account in the utilization
rate.

Note 5 to entry: Since ageing effects depend more on the number of movements than on the distance of travel, the
number of movements is decisive and not the percentage or absolute distance.

3.10

low utilization rate

LUR

utilization rate of the component that is low enough to assume that wear has no or only a minor influence
on the failure rate of the component

3.11

high utilization rate

HUR

utilization rate of the component that is high enough to assume that wear is the dominant fault
mechanism leading to component failure
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3.12

partial stroke test

PST

test method that checks if e.g. a valve is operated through a portion of its total stroke range

Note 1 to entry: This short stroke of operation verifies that certain failure modes of the component are not present
and that the component is functional with respect to these fault mechanisms.

Note 2 to entry: In this document the term “partial stroke test” is used but it is recognized that for valves and
actuators “partial valve stroke test (PVST)” is used as an equivalent term.

Note 3 to entry: As a general rule a partial stroke test can detect faults due to certain failure modes but is not capable
to test all failure modes of the component. For example a partial stroke test of a valve with safety position CLOSE
can be capable of determining if a valve is seized in position but it usually cannot test if the valve is able to travel all
the way to its safety position or if it can tightly seal in the closed position. Therefore, it is assessed e.g. by means of
an FMEA which failure modes can, respectively cannot, be detected by a partial stroke test in the particular
application.

Note 4 to entry: A PST is most often used to test mechanical, pneumatic or hydraulic components. The test can also
include electrical or electromechanical parts e.g. a relay that is used to operate the actuator of a tested valve.

Note 5 to entry: The limited stroke of the test is intended to be short enough so as to introduce no (or a minimum
of) interference with the operating flow of the equipment under control (EUC). An assessment, if the influence on
the basic process is acceptable is advised.

Note 6 to entry: A PST is usually performed on the complete final element, thus all relevant components are tested
simultaneously.

3.13

full stroke test

FST

test method that checks if e.g. a valve is operated through its complete stroke range

Note 1 to entry: This stroke verifies that certain failure modes of the component are not present and that the
component is functional with respect to these fault mechanisms.

Note 2 to entry: As a general rule a full stroke test can detect more faults of the component than a partial stroke test
but not all. For example a full stroke test of a valve with safety position “close” can test that a valve is not seized in
position and that it can travel all the way to its safety position but - without additional measures - cannot test if the
valve tightly seals in the closed position. Therefore, it is assessed, e.g. by means of an FMEA, which failure modes
can, respectively cannot, be detected by a full stroke test in the particular application.

Note 3 to entry: Like a PST, the FST is performed on the complete final element, thus all relevant components are
tested simultaneously.

3.14

proof test coverage

PTC

fraction of the dangerous undetected failures that can be revealed during a proof test

Note 1 to entry: The basic population for calculating the proof test coverage is the rate of dangerous failures not
detected by online diagnostic tests of the component(s) under investigation. An analysis reveals the rate of
dangerous undetected failures of each failure mode of each part or group of parts that can be detected by a proof
test. The proof test coverage is the fraction of the dangerous undetected failures of the component (after online
diagnostic tests) that can be detected by the proof test. Dangerous failures detected by online diagnostic tests, safe
failures, no-part and no-effect failures are not considered in calculating the proof test coverage.

10
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3.15
ageing
degradation process of a part or assembly of parts that depends on the elapsed time

Note 1 to entry: This contrasts with degradation processes that depend on the number of movements performed
(“wear”). For faults due to fatigue it has to be assessed if the root cause is due to ageing or wear as defined in this
document.

3.16

wear

degradation process of a part or assembly of parts that depends on the number and intensity of
movements that the part is exposed to

Note 1 to entry: This contrasts with degradation processes that depend on the elapsed time (“ageing”). For faults
due to fatigue it has to be assessed if the root cause is due to ageing or wear as defined in this document.

3.17

fatigue

degradation process of a part that depends on the number and intensity of deformations that the part is
exposed to

3.18
FIT
abbreviation for “failure in time”

Note 1 to entry: 1 FIT = 10-%/h.

4 Relationship and conformity with EN 61508-1, -2, -4, -6 and -7

The intention of this document is not to replace any applicable requirements of the EN 61508 series. The
relationship between this document and EN 61508-1, -2, -4, -6 and -7 is shown in Table 1 (by cross-

referencing just the main clauses). Conformity requirements for the mechanical parts of SIS final
elements are indicated in the corresponding notes.

11
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Table 1 — Relationship between EN 61508 and this document

Normative requirement from EN 61508 Ell:\i]u6sle§08 parts and f}ll?szeo(csaggx Nsoiis
Documentation Part 2: 5 (Part 1: 5) 5.2 [1]
Management of functional safety Part 2: 6 (Part 1: 6) 5.3 [1]
E/E/PE system realization lifecycle (Phase 10), | Part 2: 7 5.4 a
incorporating:

10.1 Design requirements specification Part 2: 7.2 5.4.2 a
10.2 Validation planning Part 2: 7.3 5.4.3 a
10.3 Design and development Part 2: 7.4 54.4 a
10.4 Integration Part2: 7.5 5.4.5 a
10.5 Installation, commissioning, operations Part2:7.6 5.4.6 b
and maintenance procedures

10.6 Validation Part 2: 7.7 54.7,7,8 a
System modification Part 2: 7.8 5.4.9 a
System verification Part2:7.9 5.5 a
Functional safety assessment Part 2: 8 (Part 1: 8) 5.6 a
Avoidance of systematic faults Part2: 7.4.6 0 ac
Control of systematic faults Part 2: 7.4.7 0 ac
Diagnostic coverage Part 2: Annex C 10.1 d
Safety manual for compliant items Part 2: Annex D 11, Annex E ab

a

For this topic EN 61508-2 is generally applicable; additional comments or specific conformity requirements
that apply to mechanical parts of a SIS final element are provided in this document.

Manufacturers of mechanical parts of a SIS final element are required to supply relevant information (e.g. in
the safety manual) to enable others to comply fully with the cluases of EN 61508-1, -2, -4, -6 and -7.

There may be other references in EN 61508-1, -2, -4, -6 and -7 for this topic that are applicable to E/E/PE
technologies; additional comments or specific conformity requirements that apply to mechanical parts of a
SIS final element are provided in this document.

For this topic EN 61508-1, -2, -4, -6 and -7 are generally applicable; no additional requirements are provided
in this document.

5

Basic requirements for development and production

5.1 Evaluation of systematic capability

The systematic capability according to EN 61508-2 can be met by achieving one of the following
compliance routes:

12

Route 1s: compliance with the requirements for the avoidance of systematic faults (see 5.4.4.4) and
the requirements for the control of systematic faults (see 5.4.4.5); or

Route 25: compliance with the requirements for evidence that the equipment is proven in use
(see EN 61508-2: 2010, 7.4.10).
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In the following, the procedure for Route 1s is described. For Route 2s see EN 61508-2.

One aim of this document is to assess the systematic capability of the component. The systematic
capability property of a component is described in EN 61508-2 and has a discrete value of 1, 2, 3 or 4. The
differences between SC 1, SC 2 and SC 3 are so marginal for safety-related automated industrial valves
that within this document no differentiation is necessary. SC 4 is not covered by this document.

The requirements of this document, including the requirements of 5.2 to 5.6, the checklist in Annex A and
the relevant techniques and measures in Annex B shall be applied to achieve a systematic capability of
SC 3. However, if one of the requirements is not met, the component shall be considered as not adequate
for use in safety-related systems.

If a component that fits into the scope of this document shall be used with a SC 4, the requirements of this
document for SC 3 shall be fulfilled and additional requirements of EN 61508-2 for SC 4 shall be applied.

5.2 Documentation management

The requirements of EN 61508-1:2010, Clause 5 shall be observed.

5.3 Functional safety management

The requirements of EN 61508-1:2010, Clause 6 shall be observed.

5.4 Safety lifecycle requirements for development and production of safety-related
automated industrial valves

5.4.1 Objectives and requirements

5.4.1.1 General

This subclause sets out the objectives and requirements of the safety lifecycle phases for the development
of safety-related automated industrial valves. It shall also be applied to other components of a final
element if they have a safety statement.

For all phases of the safety lifecycle, Table 2 indicates:

— the objectives to be achieved;

— the scope of the phase;

— areference to the subclause containing the requirements;

— the required inputs to the phase;

— the outputs required to comply with the subclause.

NOTE1 Inthe safety lifecycle according to EN 61508-2, the “manufacturing” and “assembly” lifecycle phases are
mentioned in the realization phase but not covered deeply. These phases, however, play a very important role in

achieving a reliable and safe component. For this reason, this document also sets requirements for the lifecycle
phases “manufacturing” and “assembly” that specify the requirements of EN 61508.

5.4.1.2 Objectives

The first objective of the requirements of this subclause is to structure, in a systematic manner, the phases
in the safety lifecycle that shall be considered to achieve the required functional safety of the safety-
related automated industrial valves.

13



