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Legal Notice
In the following, the “Festo SE & Co. KG” is designated as “Festo”.
This document is not binding. This document outlines a possible solution for a sample application and makes no
claim of completeness, especially with regard to configuration and equipment, as well as any eventualities for
your actual application. This document is not a customised solution, it merely offers assistance with typical task
assignments.
The values stated in this document are partly assumptions and assessments which do not replace a detailed
examination based on ISO 13849, IEC 61508, IEC 62061 and/or IEC 61511.
The actual characteristic values that can be obtained (especially PL, PFHp, category, DC, MTTFp, CCF, SIL, HFT,
PFH, PFD) depend on the components used, as well as their conditions of use in the actual application.
This document does not relieve you of the obligation to carry out a risk assessment and validation for your
specific application and to ensure compliance with all requirements yourself, in particular the Machinery
Directive 2006/42/EC (to be applied until 20 Jan. 2027) or the Machinery Regulation (EU) 2023/1230 (to be
applied from 20 Jan. 2027). As the user, you are solely responsible for your specific use case and for the proper
operation of the products described in this context.
Festo does not accept any liability for damages arising from the use of any incorrect or incomplete information
contained in this documentation or any information missing therefrom. This equally applies to defects resulting
from improper handling of devices and modules. In addition, all liability, with the exception of intent or gross
negligence on the part of Festo, for damages arising due to non-adherence of the specifications of the EC
Machinery Directive 2006/42/EC (to be applied until 20 Jan. 2027) or the Machinery Regulation (EU)
2023/1230 (to be applied from 20 Jan. 2027) is also rejected.
The information in this document is in no way intended as a substitute for the operating instructions of the
respective manufacturers or the design and testing of the application by the user. The operating instructions for
products from Festo can be found at www.festo.com. Users of this document must themselves verify that all the
functions described herein also work correctly in the application. Even after examining this document and using
the specifications contained herein, users are nevertheless solely responsible for their own application.
Otherwise, all stipulations concerning liability included in the terms and conditions of delivery, payment and use
of software from Festo, which can be found at www.festo.com and can be supplied on request, apply.
This document is only suitable for persons with sufficient expertise for machine safety based on ISO 12100,
ISO 13849, IEC 61508, IEC 62061 and IEC 61511. In addition, the following qualifications are required in the
project team:

e Specialist in pneumatics

e Specialist in electrical engineering

e Specialist for the programming of control systems and safety switching devices

Copyright Notice

This documentation is the intellectual property of Festo, which also holds the exclusive copyright. Any
modification of the content, duplication or reprinting of this documentation, as well as distribution to third
parties, is only permissible with the express consent of Festo.

Festo reserves the right to make modifications to this document in whole or in part. All brand and product names
are trademarks or registered trademarks of their respective owners.
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1 General
1.1  Objectives of this Document

e Inthis document, the assumptions made in the project files of the “Safety Application Notes ISO
13849” are specified and explained.

e For the application of the Sistema project files, certain options in Sistema have to be applied. These
options are given.

1.2  General Notes

e Inthe Sistema project files, only the subsystem “Inputs” or “Outputs” are evaluated. The missing
subsystems for a complete safety function always must be added by the user.

e Theinformation in the Sistema project file is always related to the circuit of the associated Safety
Application Note.

e Inorder for the status “green” to be output for the Sistema project, all required specifications are
selected for the subsystem, e.g. tabs PL, Category, MTTFD, DCavg and CCF. These must be checked for
the application and adjusted if necessary.

e The Sistema project files require that in the menu Edit / Options under Expert Settings, the setting “Use
DC intermediate levels for calculation of PFH (more precises)” is set.

"] Opticns

General = - :

Paths |_JPermit Direct Input of MTTFD/DCavg in a subsystem

Context IEUSE DC intermediate levels for calculation of PFH (mare precise) I
View B MTTFD capping for category 4 lower from 2500 to 100 years.

Expert settings [CJReload library on selection {library auto-reset)

VDMA Library

[CJRating the probability of a hazardous event (risk graph)
B Copying components resets documentation and message downgrading.
[ Share clipboard with other applications

|rl|||||||| Password for access to network libraries (User: SYSDBA)

e The version of SISTEMA is specified in the project file name, e.g.,
f=lf 100419 Sistema Project - Y3.0.4 - EM.ssm
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2 Assumptions for Way Valves

For directional control valves the values B, RDF and no, are applied. The following default values are included

in the projects:
Value

Source

Description

Bio = 10,000,000
cycles

ISO 13849-1, Table C.1,
value for pneumatic
components?

Number of cycles until 10 % of the components fail
dangerously (for components with mechanical wear)

Notes

Always check whether this B, value corresponds to the By
value of the valve in the specific application. The
information is available in the Data Sheet Product
Reliability.

RDF =50 %

ISO 13849-1, table C.1,
note 1

RDF is the ratio of dangerous failures, i.e. the proportion of
the total failure rate of the directional control valve that
can lead to a dangerous failure.

To estimate the Biop value from the By, value, assume
RDF=50% according to ISO 13849-1, Table C.1, Note 1.

nop = 525,600
nop = 1,095

Average number of annual actuations

For the number of actuation cycles, n,,=525,600 is
assumed for a working valve (one actuation cycle per
minute, 24 hours a day, 365 days a year).

For the number of requests for the safety function, a
Nop=1,095 is assumed (one actuation every 8 hours, 3
shifts a day, 365 days a year).

Notes

It must always be checked whether these assumptions of
the annual actuations correspond to the intended
application and are to be adapted to the real conditions of
use.

Notes

e  For certain way valves, a different value may be indicated if a By, value of 10,000,000 cycles is not

reached.

e Ifthevalve(s) is/are located on a valve terminal, the output subsystem must be adapted according to
the specifications in document & 100394 Safe electrical switch-off of valve terminals.

1 miso 13849-1, Table C.1, a B1op=20,000,000 cycles is specified. From this, according to note 1 of this
table, B10=10,000,000 cycles was derived.

Application Note - Safety Subfunctions Pneumatics - Circuit - 100395 - 1.20 Page 5 of 9



https://www.festo.com/de/de/search/?text=100394&tab=DOWNLOADS&supportPortalTab=expert_knowledge

3 Assumptions for Switches and Sensors

For switches, the values B1o, RDF, and n,, are applied. For sensors, an MTTF value may also be provided. If both a
B1io value and an MTTF value are specified, both values should normally be taken into account in the Sistema
project.

= % 5B Input
=+ % CH Channel 1
v BEL [B1] Sensor, Measured value not defined, electromechanical, B10 value
= % CH Channel 2
v BL [B2] Sensor, Measured value not defined, pneumatic part, B10 value
v BL [B2] Sensor, Measured value not defined, electronic part, B10 value

The following default values are included in the projects:

Value

Source

Description

B1o = 10,000,000
cycles

SO 13849-1,
Table C.1, value
for pneumatic

Number of cycles until 10 % of the components fail dangerously
(for components with mechanical wear)
Notes

table C.1, note 1

components? Always check whether this B4, value corresponds to the By, value
of the sensor in the specific application. The information is
available in the Data Sheet Product Reliability.
RDF=50% ISO 13849-1, RDF is the ratio of dangerous failures, i.e. the proportion of the

total failure rate of the sensor that can lead to a dangerous failure.
To estimate the Biop value from the By, value, assume RDF=50%
according to ISO 13849-1, Table C.1, Note 1.

Nop = 525,600

Average number of annual actuations

Nop = 1,095 For the number of actuation cycles, nep=525,600 is assumed for a
sensor (one actuation cycle per minute, 24 hours a day, 365 days a
year).

For the number of requests for the safety function, a no,=1,095 is
assumed (one actuation every 8 hours, 3 shifts a day, 365 days a
year).

Notes

It must always be checked whether these assumptions of the
annual actuations correspond to the intended application and are
to be adapted to the real conditions of use.

MTTF=150a Mean time to failure

For the electronic part of sensors, an MTTF value of 150 years is
assumed.

Note

It must always be verified that these assumptions correspond to
the reliability of the electronic part of the component used and to
the actual operating conditions.

2 n1S0O 13849-1, Table C.1, a B1op=20,000,000 cycles is specified. From this, according to note 1 of this
table, B1o=10,000,000 cycles was derived.
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4 Used Literature

4.1
(1]

4.2
(2]
4.3
(3]

(4]
4.4
(5]

(6]

Software

Sistema, Version 3.0.4 Build 5, standard version: ISO 13849-1:2023, available from Internet:
https://www.dguv.de/ifa/praxishilfen/praxishilfen-maschinenschutz/software-
sistema/index.jsp?query=webcode+d11223

Cited Documents from Festo
100394 Safe electrical switch-off of valve terminals

Standards

DIN EN ISO 13849-1:2023-12 — Safety of machinery - Safety-related parts of control systems - Part 1:
General principles for design (ISO 13849-1:2023); German version EN I1ISO 13849-1:2023

VDMA 24584:2022-06 - Sicherheitsfunktionen geregelter und nicht geregelter (fluid-) mechanischer
Systeme.

Legal Regulations

Machinery Directive: Directive 2006/42/EC of the European Parliament and of the Council of 17 May
2006 on machinery, and amending Directive 95/16/EC (recast)

Machinery Regulation: Regulation (EU) 2023/1230 of the European Parliament and of the Council of 14
June 2023 on machinery and repealing Directive 2006/42/EC of the European Parliament and of the
Council and Council Directive 73/361/EEC
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5 Information about the Document

5.1 General Information

Document Number 100395

Notes on Sistema Project Files

5.2  Revision History

Ver. | Date Ed. Chapter | Description of Change/Impact

1.10 | 2022-06-02 JKHL All Creation of the document

1.20 | 03.09.2026 JKHL All Update Layout, editorial review
3 Addition chapter for sensors
1,4 Change to new Sistema release

5.3  Approval/Release of the Document
Role Signature

Release Digtal sgniet von Jargen Kille
- - DI rgen Kihnle c=DE Germany I=DE Germany o=Festo SE & Co. KG 0u=SC-OTP
i
Grun feses Douments
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5.4  Period of Validity

Document is valid until 2031-09-03 or until one of the documents used or the required relevant base are
changed.
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Do you have any questions about this Application Note?

You are welcome to send us your questions via the contact
form.
! /_

D

Are you looking for Safety Application Notes with solution
examples for the most important safety sub-functions in
pneumatics?

We regularly expand our collection of documents in the

Support Portal. N 2

D

Do you want to get a general overview of machine and system
safety?

We have compiled information on machine and functional
safety in our guide. Y,

/
Download the guide. %

Do you need further support?

We also offer services for machine safety
e Risk assessment V7
e Safety concept < =
e  Circuit design
e Verification / validation

You can request a quotation via the contact form.
Do you need training or further education?

At Festo Didactic you will find training courses on machine

safety, functional safety and CE marking. QY

D

Request a quote for training or workshop.
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