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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, 2023, 2026
Internet: https://www.festo.com
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1 General
1.1  Objectives of this Document

e This document defines the diagnostic measure “static brake test (BT-s)” with results and describes
possible measures. For practical implementation, additional notes are then given which should be
observed depending on the application.

1.2  General Notes

e The given circuits are principle circuits which cannot be complete due to clarity and scope. Itis a
recommendation that does not exclude other possibilities.

e The abbreviations used for the safety sub-functions are based on the definitions in VDMA 24584 for
pneumatics. The diagnostic measure “static brake test (BT-s)” is derived from the safety sub-function
“safe brake monitoring (SBM)”. The background to this changed designation is that this diagnostic
measure is not safe in the sense of a safety function and that no reliability requirements are normally
necessary for diagnostic measures within the scope of ISO 13849.

1.3  Definitions
e Brake (according to 1ISO 16092-2, 3.1)
Mechanism for slowing down, stopping and holding a power transmission element.
e Clamping unit
Mechanism for holding a power transmission element.
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2 BT-s - Brake Test, Static

Symbol

Principle circuit

oW1l

A

Reaction on demand

An automatic sequence checks whether a clamping unit applies the force required for
the application to hold the power transmission element of the drive in position.

A

Results Positive result: The clamping unit can hold the power transmission element of the
drive in position.
Negative result: The clamping unit cannot hold the power transmission element of the
drive in position.

Warnings Attention

e Inthe event of a negative result, the drive is moved and should not cause any
hazard.

e |Ifthe result is negative, the controller must prevent further operation of the axis
and request repair of the clamping unit.

e Depending on the specific application and its evaluation in the risk assessment of
the machine, further measures may be possible. These must be evaluated by the
machine manufacturer and suitable technical and organisational measures must
be defined and implemented.

o Access may be permissible with a negative result if no hazard is possible,
e.g. the axis is outside the access area, or vertical axes are in the lower
position.

o Ifaccess is not possible, e.g. due to safety gates with guard locking,
further operation may be possible in the event of a negative result if a
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position can be approached when requesting unlocking where there is
no hazard.
Important Note

e Even with a positive result, it cannot be ruled out that the power transmission
element of the drive does not move. The brake test only proves that at the time of
the test the force is sufficient to hold the position.

Notes

e To apply the required holding force, a holding brake may perform a brief
movement.

e The static brake test leads to wear of the clamping unit. This should be taken into
account when determining the frequency of the static brake test.

e The axis with the clamping unit to be tested should be in a position where there is
no obstacle or interfering contour in the range of movement.

Test intervals

e The static brake test should be carried out directly after switching on the
machine, automatically at regular intervals during operation or before an assess
in the hazardous area.

e The following intervals are recommended for regular testing (basis ISO 16090-1):

o Machines with manual loading and unloading in the hazardous area:
Every 8 h or once per shift.

o Machines with automatic loading and unloading in the hazardous area:
Every 48 h

Test force

e The test force should be at least the maximum required force of the application
with a safety factor.

e The maximum required test force of the application depends on the requirements
of the application. Possible values are for example

o Recommended dimensioning: Maximum possible weight force of the
load and the sum of the moving parts of the axis, incl. gripper.

o Possible dimensioning: Maximum possible weight force of the load and
the sum of the moving parts and the maximum force of the pneumatic
drive.

e Recommended safety factors are
o  With one clamping unit: n=1.3
o Inthe case of two clamping units
= which are tested simultaneously: n=2
= which are tested one after the other: n=1

Important note

e The pressure required to generate the test force shall not exceed the maximum
permissible pressure of the pneumatic components used.

Test duration

e Standards and other technical specifications, e.g., ISO 16090-1 and FBHM-5,
specify test durations of 1-3 s.
e Notes
A distinction must be made between the following types of tests with regard to
the test duration:
o during commissioning;
o during the functional test of the safety sub-function in normal operation;
and
o during periodic occupational safety inspections.
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o During commissioning, the testing principle & GS-IFA-M08 (only
available in German) may be applied. During commissioning, the test is
performed with a higher load and with the load applied for a longer
period (GS-IFA-MO08, 4.2.4.4), so that it can be assumed that the
clamping unit will function as intended during the subsequent period.

o During the functional test of the safety sub-function in normal operation,
a higher load is applied for a short period to verify that the safety sub-
function SB-f (friction-based blocking) functioned at the time of the
functional test. For example, ISO 16090-1, Annex G, can be used for this
purpose.

o For periodic occupational safety inspections of safety functions, we
recommend applying the testing principle & GS-IFA-M08 (only available
in German). Periodic inspections of safety functions are required by the
Use of Work Equipment Directive 2009/104/EC, Article 5, and are also
included in national implementations. During the periodic inspection, the
test should likewise be performed with a higher load and with the load
applied for a longer period, so that it can be assumed that the clamping
unit will function as intended during the subsequent period.

e Some clamping units may briefly jerk after 30...50 s when they are close to the
wear limit, but may still be able to hold the load. It must be assessed on an
application-specific basis whether this effect can occur and whether it poses a
hazard.
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Carrying out the
static brake test

a1 e f-

A

Notes

The pressure regulator (K3) should be protected from manipulation during
normal operation so that the required test force is available for each static brake
test.

If a limit switch is used, it should be set so that the switching point is at the
smallest possible distance from the end position, e.g. 1 mm. However, this must
be determined depending on the application in order to obtain sufficient
reliability of the normal machine function.

Ideally, the end position should be monitored with an analogue position sensor.
Depending on the operation of the clamping unit, it may move 0.1...0.3 mm when
the test force is applied, unless otherwise specified by the manufacturer.

During initial commissioning

The pressure is set at pressure regulator K3 to obtain the test force at the
transmission element of the drive. The working pressure required for the
application is set at pressure regulator K4.
The pressure required for the test force is set at pressure switch B4 (plus
measuring tolerance). This pressure switch monitors whether valve Q2 switches
and whether the required pressure for the brake test is present.
The pressure required for normal operation is set at pressure switch B5 (plus
measurement tolerance). This pressure switch monitors whether valve Q2 is in
normal position and whether the required pressure for normal operation is
present.
The following tests must be carried out and documented, e.g. measurement
protocol, video.
1. It must be proven by a force measurement that the pneumatic drive
applies the test force for the clamping unit.
2. It must be proven by a functional test that the pressure switch monitors
the pressure that leads to the test force.
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3. Astatic function test must be carried out.

Performing the static brake test

Check whether the pneumatic drive moves and reaches both end positions and
the limit switches B1, B2 are actuated accordingly.

Move to an end position, for example the end position with limit switch B1. The
valve Q1 remains actuated in the switching position 12.

Valve K1 is no longer actuated. The compressed air supply to the clamping unit is
interrupted and exhausted. As a result, the locking unit goes into normal position
and frictionally clamps the output element of the drive.

Valve Q2 is activated, moves to the switching position and switches the test
pressure to port 1 of valve Q1.

The valve Q1 is controlled to the switching position 14, the drive is pressurised
with the test pressure so that force acts on the friction surfaces of the clamping
unit. The clamping unit prevents movement, i.e. the limit switch for monitoring
the end position B1 must remain actuated. If the limit switch remains actuated,
the test is successful; if there is a movement, the test has failed.

After the test, valve Q2 is no longer actuated, so that it switches to the normal
position and the normal working pressure is again applied to port 1 of valve Q1.

In normal operation

The function of valve K1 is monitored with pressure switch B3.

Diagnosis for
clamping units

The static brake test is normally used as a diagnostic for clamping units to hold an

output element of drives.

Diagnostic coverage DC=99% is not possible

A diagnostic coverage of 99% requires direct monitoring of the effect on which
the safety function is based. This means that the friction between the friction
partners of the clamping unit must be monitored. This is not possible with a static
brake test, so that a DC=99% cannot be achieved with frictionally engaged
clamping units.

Diagnostic coverage DC=90%

For a diagnostic coverage of DC=90%, a static function test must be carried out
regularly or directly before any access in the hazardous area. In addition, the
actuation of the control valve of the clamping unit should be monitored with a
pressure switch or with a limit switch in the clamping unit.
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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.
N /_

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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