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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.

© Festo SE & Co. KG, D - 73734 Esslingen, 2024, 2026
Internet: https://www.festo.com
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General

1 General

1.1

1.2

13

Objectives of this Document

This document shows a possible example circuit for the safety sub-function PUS (Prevention of
Unexpected Startup) with up to category 3, up to PL e.

For the implementation of the safety sub-function relevant components, the most important features
are listed.

Based on these features, suitable products from Festo are recommended.

General Notes

The given circuit is a principle circuit which cannot be complete due to clarity and scope. It is a
recommendation that does not exclude other possibilities.

The abbreviations used for the safety subfunctions are based on the definitions in VDMA 24584 for
pneumatics. The definitions used and important notes are given in the document & 100405 Safety
subfunctions pneumatics — PUS.

The requirements for the valve are only considered in the context of the pneumatic circuit. Suggestions
for the electrical wiring of individual valves or valve terminals have not been considered in this
document.

o Forsingle valves, the document & 100393 Safe electrical switch-off of individually controlled

valves should be considered.

o Forvalve terminals, the document A 100394 Safe electrical switch-off of valve terminals

should be considered.
In the product list included here with recommendations for suitable products, we have checked the
specified requirements for the pneumatic circuit. However, if further information is available to us, e.g.
through our product observation, this data can be changed on a daily basis. Therefore, these data must
be checked in the data sheets available online before final use to see if there has been any change.
Whether a recommended product is suitable for a particular application must be checked by the user
and confirmed in his technical documentation.
For the Sistema project file of this circuit, the document & 100395 Notes on Sistema project files must

be taken into account.
Notes on safety-related features of the partial circuit

For safety sub-functions with 2-channel architecture of the safety circuit (here category 3), a fault does
not lead to a single failure of the safety sub-function.

The consideration of measures for failures due to common cause (CCF) are to be evaluated depending
on the application. Recommendations on possible measures are contained in the document 2 100399
Recommendations for the implementation of measures against common cause failures (CCF).

The calculation of the MTTFp characteristic from the By, values are included in the Sistema project file.
The Bio value must be adjusted according to the valves used.

In order for the pneumatic drive M1 to reach an end position, valve Q1 should be switched off after
valve Q2. The time delay should be the positioning time of the drive with safety factor.

In order to estimate a diagnostic coverage for valve Q1, a suitable plausibility and switching time
monitoring of the control signal up to the signal change of sensor B1 should be implemented.

In order to estimate a diagnostic coverage for valve Q2, a suitable plausibility and positioning time
monitoring of the control signals up to the signal change of sensors B2, B3 should be implemented.
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Remark
In order for the pneumatic drive M1 to reach an end position,
valve Q1 should be switched off after valve Q2.

The time delay should be the positioning time of the drive
with safety factor.

X1
Operation pressure

0.05 MPa

G1A
Parts list

Pos....|Identifi... [Description

1 B1 Pressure switch

2 B2 Limit switch

3 B3 Limit switch

4 G1 Operation pressure
5 M1 Double-acting drive
6 Q1 3/2-way valve

7 Q2 5/2-way valve

8 R1 Silencer

9 R2 Silencer

10 |R3 Silencer

Safety subfunction

Circuit only suitable for drives without external forces.
Additional measures are required for drives with

external forces or vertical axes.

PUS - Prevention unexpected start-up (operation pressure) up to category 3, up to PL e can be reached
PUS is only possible in the end position of the drive.

Block diagram

PUS - Prevention unexpected start-up (operation pressure)

Output

Channel 1

Q2 5/2-way valve

711 Channel 2

|| Q1 3/2-way valve

Q2, B2, B3

5/2-way valve

Diagnostic coverage DC=90%

Indirect monitoring

With positioning time monitoring by limit switches
I~ (estimate according ISO 13849-1, table E.1)
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Q1, B1

3/2-way valve

Diagnostic coverage DC=90%

Indirect monitoring

With switching time monitoring by pressure switch
(estimate according ISO 13849-1, table E.1)
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3 Suitable Products for Sensor B1
3.1 Pressure Switch

e Based on the following features, other suitable pressure switches from Festo can also be selected using
the features in the data sheets available online.
e Depending on the application, it must be evaluated whether this list of features needs to be added.

Feature Value

Product category pressure switch

Measured variable relative pressure

Switching element function antivalent OR
NC contact OR
changeover OR
switchable

Operating pressure 0-8barOR
1-10barOR
1-12barOR
-1-10 bar

As an alternative to the operating pressure the start and end value for pressure measuring range can be used.

Start value for pressure measuring range | 0 bar

End value for pressure measuring range 10 bar

Other values for the features may be possible and must be considered separately.

Note: These pressure switches were selected as examples from different series and sizes.

No. | Material | Designation/Type (Sorting 1) Link
Data
Sheet

10773 | Pressure switch PEV-1/4-B 2

2. | 8000210 | Pressure switch SPBA-P2R-G18-2P-M12-0,25X 2
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Suitable Products for Sensor B1

3.2 Pressure sensors

e Based on the following features, other suitable pressure sensors from Festo can also be selected using
the features in the data sheets available online.
e Depending on the application, it must be evaluated whether this list of features needs to be added.

Feature

Value

Product category

pressure sensors

Measured variable

contains “Relative pressure”

Switching element function

NC/NO contact switchable OR
switchable OR
NC contact

Switching output

contains “PNP”

Operating pressure

0-8barOR
1-12barOR
-1-10 bar

As an alternative to the operating pressure

the start and end value for pressure measuring range can be used.

Start value for pressure measuring range

-1 bar OR
0 bar

End value for pressure measuring range

The end value should be = 6 bar.

Other values for the features may be possible and must be considered separately.

Note: These pressure sensors were selected

as examples from different series and sizes.

No. | Material | * | Designation/Type (Sorting 1) Link
Data Sheet
1. 540209 Pressure sensor SDE3-D10D-B-HQ4-2P-M8 2
2. | 542889 | * | Pressure sensor SDE5-D10-C-Q4E-P-M8 2
3. | 8001448 Pressure sensor SPAE-P10R-Q4-PNLK-2.5K 2
4, 609149 | * | Pressure sensor SPAN-B11R-G18M-PNLK-PNVBA-L1 2
5.1 8001221 Pressure sensor SPAU-P10R-H-G18FD-L-PNLK-PNVBA-M8U 2
* Core product range
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4 Suitable Products for Limit Switches B2, B3

e Based on the following features, other suitable proximity or position sensors from Festo can also be

selected using the features in the data sheets available online.
e Depending on the application, it must be evaluated whether this list of features needs to be added.

Feature

Value

Product category

proximity sensor

Measured variable

position

Switching output

contact OR
contactless OR

PNP OR

NPN/PNP switchable

Switching element function NO OR

NC/NO switchable

Operational voltage range DC

The maximum permissible operating voltage must be 230 V

Other values for the features may be possible and must be considered separately.

Note: These proximity sensors were selected as examples from different series and sizes.

No. | Material | * | Designation/Type (Sorting 1) Link
Data Sheet
1. | 8059122 | * Proximity sensor SDBT-MSX-1L-PU-E-5-N-LE 2
2. 543863 Proximity sensor SME-8M-DS-24V-K-5,0-OE 2
3. 543872 Proximity sensor SME-8M-ZS-24V-K-2,5-0OE 2
4. 574336 | * Proximity sensor SMT-8M-A-PS-24V-E-5,0-0E 2
5. | 8165237 | * | Proximity sensor SMT-8M-A-ZS-24V-E-5,0-OF 2
* Core product range
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Suitable Products for Valve Q1

5 Suitable Products for Valve Q1
5.1  Soft-Start/Quick Exhaust Valve

e Based on the following features, other suitable pressure sensors from Festo can also be selected using
the features in the data sheets available online.

e Depending on the application, it must be evaluated whether this list of features needs to be added.

e Additional information on these features can be found in the document & 100396 Notes on features of

directional control valves.

Feature Value

Product category Soft-Start/Quick Exhaust Valve

Valve function 3/2-way, closed, monostable, soft-start function
Type of actuation electric

Type of piloting pilot actuated

Type of reset mechanical spring

Duty cycle 100 %

Service-live value B specified

Performance Level (PL) PLc

Other values for the features may be possible and must be considered separately.

Note: These soft-start and quick exhaust valves were selected as examples from different series and sizes.

No. | Material | Designation/Type (Sorting 1) Link Link Data Sheet
Data Sheet | Product Reliability
1. | 8001469 | Soft-start / quick exhaust valve MS6-SV-1/2-C-10V24- 2 2
S
2. | 570737 | Soft-start / quick exhaust valve MS9-SV-G-C-V24-S-VS 2 2
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5.2  On-Off Valves

e Based on the following features, other suitable valves from Festo can also be selected using the
features in the data sheets available online.

e Depending on the application, it must be evaluated whether this list of features needs to be added.

e Additional information on these features can be found in the document 2 100396 Notes on features of

directional control valves.

Feature Value

Product category On-off Valves

Valve function 3/2-way, closed, monostable
Type of actuation electric

Type of piloting pilot actuated

Type of reset mechanical spring

Duty cycle 100 %

Service-live value B specified

Relevant basic safety principles yes

Relevant well-tried safety principles | yes

Other values for the features may be possible and must be considered separately.

Note: These on-off valves were selected as examples from different series and sizes.

No. | Material | * | Designation/Type (Sorting 1) Link Link Data Sheet
Data Sheet | Product Reliability
1. | 542602 | * | On-off valve MS6-EE-1/2-10V24-S 2 2

* Core product range

Seite 10 von 15 100418 - Safety Subfunctions Pneumatics - Circuit - 1.20


https://www.festo.com/de/de/support-portal-specific/?query=100396&groupId=18&productName=100396&documentId=663100
https://www.festo.com/de/de/support-portal-specific/?query=100396&groupId=18&productName=100396&documentId=663100
https://www.festo.com/de/en/a/download-document/datasheet/542602
https://www.festo.com/de/en/x/pdf-reliability-datasheet/542602

Suitable Products for Valve Q1

5.3 Single Valves

e Based on the following features, suitable valves from Festo can be selected using the features in the

data sheets available online.

e Depending on the application, it must be evaluated whether this list of features needs to be extended.

e Additional information on these features can be found in the document & 100396 Notes on features of

directional control valves.

Feature

Value

Product category

electrically actuated valves

Valve function

3/2 closed monostable

Type of actuation

electric

Type of piloting

pilot actuated

Pilot air supply

internal or external

Type of reset

mechanical spring

Duty cycle 100 % OR
100 % with holding current reduction
Service-live value B10 specified
Relevant basic safety principles yes
Relevant well-tried safety principles yes

Other values for the features may be possible and must be considered separately.

Note: These valves were selected as examples from different series and sizes.

No. | Material Designation/Type (Sorting 1) Link Link Data Sheet
Data Sheet | Product Reliability
Single valves
1. | 574348 Solenoid valve VUVG-L10-T32C-MT-M5-1P3 2 2
2. | 574352 Solenoid valve VUVG-L10-T32C-MZT-M5-1P3 2 2
3. | 575274 | * | Solenoid valve VUVS-L20-M32C-MD-G18-F7-1C1 2 2
4. | 575273 | * | Solenoid valve VUVS-L20-M32C-MZD-G18-F7-1C1 2 2
* Core product range
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6 Suitable Products for Valve Q2

e Based on the following features, suitable valves from Festo can be selected using the features in the

data sheets available online.

e Depending on the application, it must be evaluated whether this list of features needs to be extended.

e Additional information on these features can be found in the document & 100396 Notes on features of

directional control valves.

Feature

Value

Product category

electrically actuated valves

Valve function

5/2 bistable

Type of actuation

electric

Type of piloting

pilot actuated

Pilot air supply

internal or external

Duty cycle 100 % OR
100 % with holding current reduction
Service-live value B1o specified
Relevant basic safety principles yes
Relevant well-tried safety principles yes

Other values for the features may be possible and must be considered separately.

Note: These valves were selected as examples from different series and sizes.

No. | Material | * | Designation/Type (Sorting 1) Code! Link Link Data Sheet
Data Sheet | Product Reliability
Single valves
1. | 546696 Solenoid valve VSVA-B-B52-H-A1-1C1 2 2
2. | 547074 Solenoid valve VSVA-B-B52-ZH-A1-1C1 2 2
3.| 566458 Solenoid valve VUVG-L10-B52-T-M5-1P3 2 2
4., 566467 Solenoid valve VUVG-L10-B52-ZT-M5-1P3 2 2
5.| 575265 | * | Solenoid valve VUVS-L20-B52-D-G18-F7- 2 2
1C1
6. | 575683 | * | Solenoid valve VUVS-L20-B52-ZD-G18-F7- 2 2
1C1
Valve for valve terminals
7. | 533343 Solenoid valve VMPA1-M1H-J-PI J 2 2
. | 8033042 Solenoid valve VSVA-B-B52-ZH-A1-1T1L ) 2 2
9. 573418 Solenoid valve VUVG-B10-B52-ZT-F-1T1L J 2 ]
10 | 8187059 Solenoid valve VUVX-BK10-B52-ZH-F-1T1L ) 2 2

* Core product range

! Code of the valve for the configurator or in the order code of the valve terminal.
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Information about the Document

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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