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Legal information
Warning notice system

This manual contains notices you have to observe in order to ensure your personal safety, as well as to prevent
damage to property. The notices referring to your personal safety are highlighted in the manual by a safety alert

symbol, notices referring only to property damage have no safety alert symbol. These notices shown below are
graded according to the degree of danger.

/\DANGER

indicates that death or severe personal injury will result if proper precautions are not taken.

/\WARNING

indicates that death or severe personal injury may result if proper precautions are not taken.

/\CAUTION

with a safety alert symbol, indicates that minor personal injury can result if proper precautions are not taken.

CAUTION

without a safety alert symbol, indicates that property damage can result if proper precautions are not taken.

NOTICE

indicates that an unintended result or situation can occur if the relevant information is not taken into account.

If more than one degree of danger is present, the warning notice representing the highest degree of danger will
be used. A notice warning of injury to persons with a safety alert symbol may also include a warning relating to
property damage.

Qualified Personnel

The product/system described in this documentation may be operated only by personnel qualified for the specific
task in accordance with the relevant documentation, in particular its warning notices and safety instructions.
Qualified personnel are those who, based on their training and experience, are capable of identifying risks and
avoiding potential hazards when working with these products/systems.

Proper use of Siemens products

Note the following:

/\WARNING

Siemens products may only be used for the applications described in the catalog and in the relevant technical
documentation. If products and components from other manufacturers are used, these must be recommended
or approved by Siemens. Proper transport, storage, installation, assembly, commissioning, operation and
maintenance are required to ensure that the products operate safely and without any problems. The permissible
ambient conditions must be complied with. The information in the relevant documentation must be observed.

Trademarks

All names identified by ® are registered trademarks of Siemens AG. The remaining trademarks in this publication
may be trademarks whose use by third parties for their own purposes could violate the rights of the owner.

Disclaimer of Liability

We have reviewed the contents of this publication to ensure consistency with the hardware and software
described. Since variance cannot be precluded entirely, we cannot guarantee full consistency. However, the

information in this publication is reviewed regularly and any necessary corrections are included in subsequent
editions.

Siemens AG A5E03264275A Copyright © Siemens AG 2011.
Industry Sector ® 05/2011 Technical data subject to change
Postfach 48 48

90026 NURNBERG
GERMANY
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Technical Support

In case of questions, please contact us through the following hotline:

Time zone Europe / Africa
Phone +49 (0) 911 895 7222
Fax +49 (0) 911 895 7223
Internet http://www.siemens.com/automation/support-request

Time zone Americas

Phone +1 423 262 2522
Fax +1 423 262 2200
E-mail techsupport.sea@siemens.com

Time zone Asia/Pacific

Phone +86 1064 757 575

Fax +86 1064 747 474

E-mail support.asia.automation@siemens.com
Note

Country-specific telephone numbers for technical support are provided under the following
Internet address:

http://www.automation.siemens.com/partners

Spare parts

You will find spare parts on the Internet at:
http://support.automation.siemens.com/WW/view/en/16612315.

Internet address for SINAMICS

http://www.siemens.com/sinamics.

Internet address for Safety Integrated
http://www.siemens.com/safety

This address contains detailed application examples for Safety Integrated.

Safety Integrated
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Notation

The following notation and abbreviations are used in this documentation:

Notation for parameters (examples):

p0918 Adjustable parameter 918

r1024 Display parameter 1024

p1070[1] Adjustable parameter 1070, index 1

p2098[1].3 Adjustable parameter 2098, index 1, bit 3
p0099[0...3] Adjustable parameter 99 indices 0 to 3
r0945[2](3) Display parameter 945 index 2 of drive object 3
p0795.4 Adjustable parameter 795 bit 4

Notation for faults and alarms (examples):

F12345 Fault 12345

e A67890 Alarm 67890

C01700 Safety alarm 1700

Safety Integrated
Function Manual, 03/2011, A5E03264275A
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ESD Notes

Safety notices

Safety Integrated

/\CAUTION

Electrostatic sensitive devices (ESD) are single components, integrated circuits or devices
that can be damaged by electrostatic fields or electrostatic discharges.

Regulations for the ESD handling:

During the handling of electronic components, pay attention to the grounding of the person,
workplace and packaging!

Electronic components may be touched by persons only when

e these persons are grounded using an ESD wristband, or

¢ these persons in ESD areas with a conducting floor wear ESD shoes or ESD grounding
straps.

Electronic components should be touched only when this is unavoidable. The touching is
permitted only on the front panel or on the circuit board edge.

Electronic components must not be brought into contact with plastics or clothing made of
artificial fibers.

Electronic components may only be placed on conducting surfaces (table with ESD coating,
conducting ESD foamed material, ESD packing bag, ESD transport container).

Electronic components may not be placed near display units, monitors or televisions
(minimum distance from the screen > 10 cm).

Measurements must only be taken on boards when the measuring instrument is grounded
(via protective conductors, for example) or the measuring probe is briefly discharged before
measurements are taken with an isolated measuring device (for example, touching a bare
metal housing).

/\DANGER

SINAMICS devices and AC motors must only be commissioned by suitably qualified
personnel.

The personnel must take into account the information provided in the technical customer
documentation for the product, and be familiar with and follow the specified danger and
warning notices.

When electrical equipment and motors are operated, the electrical circuits automatically
conduct a dangerous voltage.

Dangerous mechanical movements of the driven machine components are possible when
the system is operated.

All of the work carried-out on the electrical machine or system must be carried-out with it in
a no-voltage condition.

Function Manual, 03/2011, ASE03264275A 5
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Note
Machinery Directive (2006/42/EC)

When the European common market was launched, a decision was made that the domestic
Typicals and regulations of all of the EU Member States relating to the technical
implementation of machines would be harmonized. This meant that, as an internal market
directive, the content of the Machinery Directive had to be implemented by the individual
member states as national legislation. For the Machinery Directive, this was realized with the
objective to achieve standard protective goals thus removing trade barriers resulting from
technical differences. In accordance with the definition of a machine ("an assembly of linked
parts or components, at least one of which moves"), this directive has a very broad scope.
The revised version from 2006, which shall be binding as of Dec. 29, 2009, without
transitional period, has expanded its area of application and now includes "Logic units to
ensure safety functions".

The Machinery Directive involves the implementation of machines. It has 28 Articles and 12
Annexes. The basic safety and health requirements specified in Annex | of the Directive
must be fulfilled for the safety of machines.

The protective goals must be implemented responsibly to ensure compliance with the
Directive.

Manufacturers of a machine must verify that their machine complies with the basic
requirements. This proof is made more simple by applying harmonized Typicals.

/\DANGER

Five safety rules

When carrying out any kind of work on electrical devices, the "five safety rules" according to
EN 50110 must always be complied with:

1. Disconnect the system.

2. Protect against reconnection.

w

Make sure that the equipment is de-energized.
Ground and short-circuit.

»

o

Cover or enclose adjacent components that are still live.

Safety Integrated
Function Manual, 03/2011, A5E03264275A
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Safety Integrated

AWARN ING

Correct and safe operation of SINAMICS units assumes correct transportation in the
transport packaging, correct long-term storage in the transport packaging, setup and
installation, as well as careful operation and maintenance.

For special versions of the drive units and motors, information and data in the Catalogs and
quotations additionally apply.

In addition to the danger and warning information provided in the technical customer
documentation, the applicable national, local, and plant-specific regulations and
requirements must be taken into account.

According to EN 61800-5-1 and UL 508, only safely isolated protective extra-low voltages
on the electronic modules may be connected to any of the terminals on the electronic
modules.

/N\CAUTION

The motors can have surface temperatures of over +80 °C.

This is the reason that temperature-sensitive components, e.g. cables or electronic
components may neither be in contact nor be attached to the motor.

When attaching the connecting cables, you must ensure that:

¢ they may not be damaged,

e they may not be stressed,

e they may not be able to come into contact with any rotating parts

Note

In the configuration specified in the corresponding EC Declaration of Conformity regarding
EMC requirements and when the EMC installation guideline (order no.
6FC5297-0AD30-0*P2) is complied with, SINAMICS devices fulfill the EMC Directive
2004/108/EC requirements.

(*A: German; *B: English)

Note

When operated in dry operating areas, SINAMICS equipment with AC motors conforms to
Low-Voltage Directive 2006/95/EC.

CAUTION

Operating the equipment in the immediate vicinity (< 1.5 m) of mobile telephones with a
transmitting power of > 1 W may cause the devices to malfunction.

Function Manual, 03/2011, ASE03264275A 7
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Safety notes on Safety Integrated

/\DANGER

High voltages

The drive is not disconnected from the mains by the "Safe Torque Off" function. Dangerous
voltages may be present on the motor and converter. This can result in death, serious
personal injury or severe material damage. Work on the electrical connections is not
allowed.

/\DANGER

Unexpected start up of the drive

If the function "Safe Torque Off" is not checked for proper function after service work, then
the drive can also start up unexpectedly after activating the "Safe Torque Off" function. This
can result in death, serious personal injury or severe material damage. Upon conclusion of
service work on all components with safety function (e.g., replacement of components), you
must verify and document proper function through a test activation.

/\DANGER

Restart

Drive systems, in which power supply to the motor is also possible via the load (e.g., ship's
drives, conveyors, fans, etc.) cannot be protected against restart using the "Safe Torque
Off" function. This can result in death, serious personal injury or severe material damage.
Take appropriate countermeasures such as mechanical braking.

AWARNING

Only circuits that have been manufactured by | DT LD or by certified factories or that have
been installed by | DT LD Service for option K82 possess an approval. Possible plant-side
reproductions by non-certified manufacturers do not possess this approval!

An up-to-date list of authorized factories is available on request from your local Siemens
office.

AWARNING

Unexpected start up of the drive

If the function "Safe Torque Off" is deactivated, the drive can start up unexpectedly. This
can result in death, serious personal injury or severe material damage.

To demonstrate that the function "Safe Torque Off" is deactivated, the specified switches
(e.g., "Safe Torque Off" mushroom-head pushbutton on the system) must be removed.

Safety Integrated
Function Manual, 03/2011, A5E03264275A
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Note

The components must be protected against conductive pollution (e.g., using a cabinet with
IP54 protection).

Provided that conducted interference can be prevented at the installation site, the degree of
protection for the cabinet can be decreased accordingly.

Safety Integrated
Function Manual, 03/2011, ASE03264275A 9
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1.1

1.1.1

1.1.2

Safety Integrated

General information

Aims

Manufacturers and operating companies of equipment, machines, and products are
responsible for ensuring the required level of safety. This means that plants, machines, and
other equipment must be designed to be as safe as possible in accordance with the current
state of the art. To ensure this, companies describe in the various Typicals the current state
of the art covering all aspects relevant to safety. When the relevant Typicals are observed,
this ensures that state-of-the-art technology has been utilized and, in turn, the erector/builder
of a plant or a manufacturer of a machine or a piece of equipment has fulfilled his
appropriate responsibility.

Safety systems are designed to minimize potential hazards for both people and the
environment by means of suitable technical equipment, without restricting industrial
production and the use of machines more than is necessary. The protection of man and
environment must be assigned equal importance in all countries, which is it is important that
rules and regulations that have been internationally harmonized are applied. This is also
designed to avoid distortions in the competition due to different safety requirements in
different countries.

There are different concepts and requirements in the various regions and countries of the
world when it comes to ensuring the appropriate degree of safety. The legislation and the
requirements of how and when proof is to be given and whether there is an adequate level of
safety are just as different as the assignment of responsibilities.

The most important thing for manufacturers of machines and companies that set up plants
and systems is that the legislation and regulations in the country where the machine or plant
is being operated apply. For example, the control system for a machine that is to be used in
the US must fulfill local US requirements even if the machine manufacturer (OEM) is based
in the European Economic Area (EEA).

Functional safety

Safety, from the perspective of the object to be protected, cannot be split-up. The causes of
hazards and, in turn, the technical measures to avoid them can vary significantly. This is why
a differentiation is made between different types of safety (e.g. by specifying the cause of
possible hazards). "Functional safety" is involved if safety depends on the correct function.

To ensure the functional safety of a machine or plant, the safety-related parts of the
protection and control devices must function correctly. In addition, the systems must behave
in such a way that either the plant remains in a safe state or it is brought into a safe state if a
fault occurs. In this case, it is necessary to use specially qualified technology that fulfills the
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requirements described in the associated Typicals. The requirements to achieve functional
safety are based on the following basic goals:

® Avoiding systematic faults
e Controlling systematic faults
e Controlling random faults or failures

Benchmarks for establishing whether or not a sufficient level of functional safety has been
achieved include the probability of hazardous failures, the fault tolerance, and the quality that
is to be ensured by minimizing systematic faults. This is expressed in the Typicals using
different terms. In IEC/EN 61508, IEC/EN 62061, IEC/EN 61800-5-2 "Safety Integrity Level"
(SIL) and EN ISO 13849-1 "Categories" and "Performance Level" (PL).

Safety of machinery in Europe

The EU Directives that apply to the implementation of products are based on Article 95 of the
EU contract, which regulates the free exchange of goods. These are based on a new global
concept ("new approach", "global approach"):

e EU Directives only specify general safety goals and define basic safety requirements.

e Technical details can be defined by means of standards by Standards Associations that
have the appropriate mandate from the commission of the European Parliament and
Council (CEN, CENELEC). These standards are harmonized in line with a specific
directive and listed in the official journal of the commission of the European Parliament
and Council. Legislation does not specify that certain standards have to be observed.
When the harmonized Standards are observed, it can be assumed that the safety
requirements and specifications of the Directives involved have been fulfilled.

e EU Directives specify that the Member States must mutually recognize domestic
regulations.

The EU Directives are equal. This means that if several Directives apply for a specific piece
of equipment or device, the requirements of all of the relevant Directives apply (e.g. for a
machine with electrical equipment, the Machinery Directive and the Low-Voltage Directive

apply).

Machinery Directive

The basic safety and health requirements specified in Annex | of the Directive must be
fulfilled for the safety of machines.

The protective goals must be implemented responsibly to ensure compliance with the
Directive.

Manufacturers of a machine must verify that their machine complies with the basic
requirements. This verification is facilitated by means of harmonized standards.

Safety Integrated
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1.2 Safety of machinery in Europe

Harmonized European Standards

The two Typicals Organizations CEN (Comité Européen de Normalisation) and CENELEC
(Comité Européen de Normalisation Electrotechnique), mandated by the EU Commission,
drew-up harmonized European Typicals in order to precisely specify the requirements of the
EC directives for a specific product. These Typicals (EN Typicals) are published in the official
journal of the commission of the European Parliament and Council and must be included
without revision in domestic Typicals. They are designed to fulfill basic health and safety
requirements as well as the protective goals specified in Annex | of the Machinery Directive.

When the harmonized Typicals are observed, it is "automatically assumed" that the Directive
is fulfilled. As such, manufacturers can assume that they have observed the safety aspects
of the Directive under the assumption that these are also covered in this Typical. However,
not every European standardis harmonized in this sense. Key here is the listing in the official
journal of the commission of the European Parliament and Council.

The European Typicals regarding the safety of machines are structured in a hierarchical
manner as follows:

® A Typicals (basic Typicals)
® B Typicals (group Typicals)
® C Typicals (product Typicals)

Type A Typicals/basic Typicals

A Typicals include basic terminology and definitions relating to all types of machine. This
includes EN ISO 12100-1 (previously EN 292) "Safety of Machines, Basic Terminology,
General Design Principles."

A Typicals are aimed primarily at the bodies responsible for setting the B and C Typicals.
The measures specified here for minimizing risk, however, may also be useful for
manufacturers if no applicable C Typicals have been defined.

Type B Typicals/group Typicals

Safety Integrated

B Typicals cover all safety-related Typicals for various different machine types. B Typicals
are aimed primarily at the bodies responsible for setting C Typicals. They can also be useful
for manufacturers during the machine design and construction phases, however, if no
applicable C Typicals have been defined.

A further sub-division has been made for B Typicals:

e Type B1 Typicals for higher-level safety aspects (e.g. ergonomic principles, safety
clearances from sources of danger, minimum clearances to prevent parts of the body
from being crushed).

® Type B2 Typicals for protective safety devices are defined for different machine types
(e.g. EMERGENCY STOP devices, two-hand operating circuits, interlocking elements,
contactless protective devices, safety-related parts of controls).
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Type C Typicals/product Typicals
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C Typicals are product-specific Typicals (e.g. for machine tools, woodworking machines,
elevators, packaging machines, printing machines, etc.). Product Typicals contain machine-
specific requirements. The requirements can, under certain circumstances, deviate from the
basic and group Typicals. Type C/product Typicals have the highest priority for machine
manufacturers who can assume that it fulfills the basic requirements of Annex | of the
Machinery Directive (automatic presumption of compliance). If no product standard has been
defined for a particular machine, type B Typicals can be applied when the machine is
constructed.

A complete list of the Typicals specified and the mandated draft Typicals are available on the
Internet at the following address:

http://www.newapproach.org/

Recommendation: Due to the rapid pace of technical development and the associated
changes in machine concepts, the Typicals (and C Typicals in particular) should be checked
to ensure that they are up to date. Please note that the application of a particular standard
may not be mandatory provided that all the safety requirements of the applicable EU
directives are fulfilled.

Safety Integrated
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Standards for implementing safety-related controllers

If the functional safety of a machine depends on various control functions, the controller must
be implemented in such a way that the probability of the safety functions failing is sufficiently
minimized. EN 1SO 13849-1 (formerly EN 954-1) and EN 62061 define principles for
implementing safety-related machine controllers which, when properly applied, ensure that
all the safety requirements of the EC Machinery Directive are fulfilled. These Typicals ensure
that the relevant safety requirements of the Machinery Directive are fulfilled.

Specified architectures, restricted

Safety Integrated

Any architectures
all SIL 1-3 (from PL b)

maximum PL for electronics

EN 62061
Safety of Machinery
Functional safety of safety-related
electrical, electronic, and programmable
electronic systems

EN ISO 13849
Safety of Machinery
Safety-related parts of control systems

Sector Standard EN 62061
for the area of machines
below EN 61508

9

For deviations from the
defined architectures,
reference to EN 61508

Universal approach for electrical, electronic, and programmable electronic systems that
execute safety functions, or that ensure functional safety

EN 61508
Functional safety of electrical/electronic/programmable electronic safety-related
systems (Part 0 to 7)

Figure 1-1 Typicals for implementing safety-related controllers

The application areas of EN ISO 13849-1, EN 62061, and EN 61508 are very similar. To
help users make an appropriate decision, the IEC and ISO associations have specified the
application areas of both Typicals in a joint table in the introduction to the Typicals.

EN ISO 13849-1 or EN 62061 should be applied depending on the technology (mechanics,
hydraulics, pneumatics, electrics, electronics, programmable electronics), risk classification

and architecture.
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Systems for executing safety-related control
functions

EN ISO 13849-1

EN 62061

A | Non-electrical (e.g. hydraulic, pneumatic) X Not covered
B | Electromechanical (e.g. relay and/or basic Restricted to the designated All architectures and max. up to
electronics) architectures (see comment 1) SIL 3
and max.uptoPL=e
C | Complex electronics (e.g. programmable Restricted to the designated All architectures and max. up to
electronics) architectures (see comment 1) SIL 3
and max. up to PL =d
D | A Typicals combined with B Typicals Restricted to the designated X
architectures (see comment 1) See comment 3
and max.uptoPL=¢
E | C Typicals combined with B Typicals Restricted to the designated All architectures and max.
architectures (see comment 1) up to SIL 3
and max. upto PL =d
F | C Typicals combined with A Typicals X X

or

C Typicals combined with A Typicals and B
Typicals

See comment 2

See comment 3

"X" indicates that the point is covered by this Typical.

Comment 1:
Designated architectures are described in Annex B of EN ISO 13849-1 and provide a simplified basis for the quantification.

Comment 2:
For complex electronics: Using designated architectures in compliance with EN ISO 13849-1 up to PL = d or every
architecture in compliance with EN 62061.

Comment 3:
For non-electrical systems: Use components that comply with EN ISO 13849-1 as sub-systems.

22
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1.2.4 EN ISO 13849-1 (previously EN 954-1)

A qualitative analysis (to EN 954-1) is not sufficient for modern controllers due to their
technology. Among other things, EN 954-1 does not take into account time behavior (e.g.
test interval and/or cyclic test, lifetime). This results in the probabilistic basis in EN ISO
13849-1 (probability of failure per unit time).

EN ISO 13849-1 is based on the known categories of EN 954-1. It now also takes into
account complete safety functions and all the devices required to execute these. With EN
ISO 13849-1, safety functions are investigated from a quantitative perspective going beyond
the qualitative basis of EN 954-1. Performance levels (PL), which are based on the
categories, are used. The following safety-related characteristic quantities are required for
devices/equipment:

e Category (structural requirement)

® PL: Performance level

® MTTFq4: Mean time to dangerous failure
® DC: Diagnostic coverage

e CCF:
Common cause failure

The standard describes how the performance level (PL) is calculated for safety-related
components of the controller on the basis of designated architectures. For deviations from
this, EN 1ISO 13849-1 refers to EN 61508.

When combining several safety-related parts to form a complete system, the standard
explains how to determine the resulting PL.

Note

Since December 2008, EN ISO 13849-1 has been harmonized as part of the Machinery
Directive. EN 954-1 will continue to apply until 30.12.2011.

1.2.5 EN 62061

EN 62061 (identical to IEC 62061) is a sector-specific standard subordinate to IEC/EN
61508. It describes the implementation of safety-related electrical machine control systems
and considers the complete lifecycle, from the conceptual phase to decommissioning. The
standard is based on the quantitative and qualitative analyses of safety functions,

whereby it systematically applies a top-down approach to implementing complex control
systems (known as "functional decomposition"). The safety functions derived from the risk
analysis are sub-divided into sub-safety functions, which are then assigned to real devices,
sub-systems, and sub-system elements. Both the hardware and software are covered.

EN 62061 also describes requirements regarding the implementation of application
programs.

Safety Integrated
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A safety-related control systems comprises different sub-systems. From a safety
perspective, the sub-systems are described in terms of the SIL claim limit and PFHb
characteristic quantities.

Programmable electronic devices (e.g. PLCs or variable-speed drives) must fulfill EN 61508.
They can then be integrated in the controller as sub-systems. The following safety-related
characteristic quantities must be specified by the manufacturers of these devices.

Safety-related characteristic quantities for subsystems:
e SIL CL: SIL claim limit

e PFHp:
Probability of dangerous failures per hour

o T1:
Lifetime

Simple sub-systems (e.g. sensors and actuators) in electromechanical components can, in
turn, comprise sub-system elements (devices) interconnected in different ways with the
characteristic quantities required for determining the relevant PFHp value of the sub-system.

Safety-related characteristic quantities for subsystem elements (devices):

® \: Ausfallrate
failure rate

e B10 value: For elements that are subject to wear

® T1: Lebensdauer
lifetime

For electromechanical devices, a manufacturer specifies a failure rate A with reference to the
number of operating cycles. The failure rate per unit time and the lifetime must be
determined using the switching frequency for the particular application.

Parameters for the sub-system, which comprises sub-system elements, that must be defined
during the design phase:

e T2: Diagnose-Testintervall
diagnostic test interval

e [3: Empfindlichkeit flr Fehler gemeinsamer Ursache
susceptibility to common cause failure

e DC: Diagnosedeckungsgrad
diagnostic coverage

The PFHp value of the safety-related controller is determined by adding the individual PFHp
values for subsystems.

Safety Integrated
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The user has the following options when setting up a safety-related controller:

® Use devices and sub-systems that already comply with EN ISO 13849-1, IEC/EN 61508,
or IEC/EN 62061. The standard provides information specifying how qualified devices
can be integrated when safety functions are implemented.

® Develop own subsystems:

— Programmable, electronic systems and complex systems: Application of EN 61508 or
EN 61800-5-2.

— Simple devices and subsystems: Application of EN 62061.

EN 62061 does not include information about non-electric systems. The standard provides
detailed information on implementing safety-related electrical, electronic, and programmable
electronic control systems. EN ISO 13849-1 must be applied for non-electric systems.

Note

Details of simple sub-systems that have been implemented and integrated are now available
as "functional examples".

Note

IEC 62061 has been ratified as EN 62061 in Europe and harmonized as part of the
Machinery Directive.

1.2.6 Series of standards EN 61508 (VDE 0803)

This series of Typicals describes the current state of the art.

EN 61508 is not harmonized in line with any EU directive. which means that an automatic
presumption of conformity for fulfilling the protective requirements of a directive is not
implied. The manufacturer of a safety-related product, however, can also use EN 61508 to
fulfill basic requirements of European directives in accordance with the latest conceptual
design, for example, in the following cases:

e |f no harmonized standard exists for the application in question. In this case, the
manufacturer can use EN 61508. although no presumption of conformity exists here.

® A harmonized European standard (e.g. EN 62061, EN ISO 13849, EN 60204-1)
references EN 61508. This ensures that the appropriate requirements of the directives
are fulfilled ("standard that is also applicable"). When manufacturers apply EN 61508
properly and responsibly in accordance with this reference, they can use the presumption
of conformity of the referencing Typical.

Safety Integrated
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EN 61508 covers all the aspects that must be taken into account when E/E/PES systems
(electrical, electronic, and programmable electronic System) are used in order to execute
safety functions and/or to ensure the appropriate level of functional safety. Other hazards
(e.g. electric shock) are, as in EN ISO 13849, not part of the Typical.

EN 61508 has recently been declared the "International Basic Safety Publication", which
makes it a framework for other sector-specific Typicals (e.g. EN 62061). As a result, this
standard is now accepted worldwide, particularly in North America and in the automotive
industry. Today, many regulatory bodies already stipulate it (e.g. as a basis for NRTL listing).

Another recent development with respect to EN 61508 is its system approach, which extends
the technical requirements to include the entire safety installation from the sensor to the
actuator, the quantification of the probability of hazardous failure due to random hardware
failures, and the creation of documentation covering all phases of the safety-related lifecycle
of the E/E/PES.

1.2.7 Risk analysis/assessment

Risks are intrinsic in machines due to their design and functionality. For this reason, the
Machinery Directive requires that a risk assessment be performed for each machine and, if
necessary, the level of risk reduced until the residual risk is less than the tolerable risk. To
assess these risks, the following Typicals must be applied:

e EN ISO 12100-1 "Safety of Machinery - basic terminology, general principles for design"
® EN ISO 13849-1 (successor to EN 954-1) "Safety-related parts of control systems"

® EN ISO 14121-1 (previously EN 1050, Paragraph 5) "Safety of machinery - risk
assessment”

EN ISO 12100-1 focuses on the risks to be analyzed and the design principles for minimizing
risk. EN ISO 14121-1 describes the iterative process for assessing and minimizing risk to
achieve the required level of safety.

The risk assessment is a procedure that allows hazards resulting from machines to be
systematically investigated. Where necessary, the risk assessment is followed by a risk
reduction procedure. When the procedure is repeated, this is known as an iterative process.
This can help eliminate hazards (as far as this is possible) and can act as a basis for
implementing suitable protective measures.

The risk assessment involves the following:
® Risk analysis

— Determining the limits of the machine (EN ISO 12100-1, EN I1SO 14121-1
Paragraph 5)

— Identifying the hazards (EN ISO 12100-1, EN ISO 14121-1 Paragraph 6)
— Estimating the level of risk (EN 1050 Paragraph 7)
® Risk assessment (EN ISO 14121-1 Paragraph 8)

Safety Integrated
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As part of the iterative process to achieve the required level of safety, a risk assessment is
carried out after the risk estimation. A decision must be made here as to whether the
residual risk needs to be reduced. If the risk is to be further reduced, suitable protective
measures must be selected and applied. The risk assessment must then be repeated.

( START )

Y

=P Determining the machine limits

Y

Identifying the potential hazard Risk analysis

Y

Risk estimation

Y

Risk evaluation

Is the machine safe?

Risk reduction

=== Minimizing risks and selecting suitable protective measures are not part of the risk assessment

Figure 1-2 Iterative process to achieve the required level of safety to ISO 14121-1

Risks must be reduced by designing and implementing the machine accordingly (e.g. by
means of controllers or protective measures suitable for the safety-related functions).

If the protective measures involve the use of interlocking or control functions, these must be
designed in accordance with EN ISO 13849-1. For electrical and electronic controllers,

EN 62061 can be used as an alternative to EN ISO 13849-1. Electronic controls and bus
systems must also comply with IEC/EN 61508.

Safety Integrated
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128 Risk reduction

Risk reduction measures for a machine can be implemented by means of safety-related
control functions in addition to structural measures. To implement these control functions,
special requirements, graded according to the magnitude of the risk, must be taken into
account. These are described in EN ISO 13849-1 or, in the case of electrical controllers
(particularly programmable electronics), in EN 61508 or EN 62061. The requirements
regarding safety-related controller components are graded according to the magnitude of the
risk and the level to which the risk needs to be reduced.

EN ISO 13849-1 defines a risk graph, which can be used instead of the categories to create
hierarchical performance levels (PL).

IEC/EN 62061 uses "Safety Integrity Level" (SIL) for classification purposes. This is a
quantified measure of the safety-related performance of a controller. The required SIL is also
determined in accordance with the risk assessment principle as specified in ISO 14121 (EN
1050). Annex A of the standard describes a method for determining the required Safety
Integrity Level (SIL).

Regardless of which standard is applied, steps must be taken to ensure that all the machine
controller components required for executing the safety-related functions fulfill these
requirements.

129 Residual risk

In today's technologically advanced world, the concept of safety is relative. In practice, the
ability to ensure safety to the extent that risk is permanently excluded — "zero-risk guarantee"
—is impossible. The residual risk is the risk that remains once all the relevant protective
measures have been implemented in accordance with the latest state of the art.

Residual risks must be clearly referred to in the machine/plant documentation (user
information according to EN ISO 12100-2).

1.3 Machine safety in the USA

A key difference between the USA and Europe in the legal requirements regarding safety at
work is, that in the USA, no legislation exists regarding machinery safety that is applicable in
all of the states and that defines the responsibility of the manufacturer/supplier. A general
requirement exists stating that employers must ensure a safe workplace.

Safety Integrated
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1.3.1 Minimum requirements of the OSHA

The Occupational Safety and Health Act (OSHA) from 1970 regulates the requirement that
employers must offer a safe place of work. The core requirements of OSHA are specified in
Section 5 "Duties".

The requirements of the OSH Act are managed by the "Occupational Safety and Health
Administration” (also known as OSHA). OSHA employs regional inspectors who check
whether or not workplaces comply with the applicable regulations.

The OSHA regulations are described in OSHA 29 CFR 1910.xxx ("OSHA Regulations (29
CFR) PART 1910 Occupational Safety and Health"). (CFR: Code of Federal Regulations.)

http://www.osha.gov

The application of standards is regulated in 29 CFR 1910.5 "Applicability of standards". The
concept is similar to that used in Europe. Product-specific standards have priority over
general standards insofar as they cover the relevant aspects. Once the standards are
fulfilled, employers can assume that they have fulfilled the core requirements of the OSH Act
with respect to the aspects covered by the standards.

In conjunction with certain applications, OSHA requires that all electrical equipment and
devices that are used to protect workers be authorized by an OSHA-certified, "Nationally
Recognized Testing Laboratory” (NRTL) for the specific application.

In addition to the OSHA regulations, the current standards defined by organizations such as
NFPA and ANSI must be carefully observed and the extensive product liability legislation
that exists in the US taken into account. Due to the product liability legislation, it is in the
interests of manufacturing and operating companies that they carefully maintain the
applicable regulations and are "forced" to fulfill the requirement to use state-of-the-art
technology.

Third-party insurance companies generally demand that their customers fulfill the applicable
standards of the standards organizations. Self-insured companies are not initially subject to
this requirement but, in the event of an accident, they must provide verification that they
have applied generally-recognized safety principles.

1.3.2 NRTL listing

To protect employees, all electrical equipment used in the USA must be certified for the
planned application by a "Nationally Recognized Testing Laboratory" (NRTL) certified by the
OSHA. NRTLs are authorized to certify equipment and material by means of listing, labeling,
or similar. Domestic Typicals (e.g. NFPA 79) and international Typicals (e.g. IEC/EN 61508
for E/E/PES systems) are the basis for testing.
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1.3.3
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NFPA 79

Standard NFPA 79 (Electrical standard for Industrial Machinery) applies to electrical
equipment on industrial machines with rated voltages of less than 600 V. A group of
machines that operate together in a coordinated fashion is also considered to be one
machine.

For programmable electronics and communication buses, NFPA 79 states as a basic
requirement that these must be listed if they are to be used to implement and execute safety-
related functions. If this requirement is fulfilled, then electronic controls and communication
buses can also be used for Emergency Stop functions, Stop Categories 0 and 1 (refer to
NFPA 79 9.2.5.4.1.4). Like EN 60204-1, NFPA 79 no longer specifies that the electrical
energy must be disconnected by electromechanical means for emergency stop functions.

The core requirements regarding programmable electronics and communication buses are:
system requirements (see NFPA 79 9.4.3)

1. Control systems that contain software-based controllers must:

— In the event of a single fault
(a) cause the system to switch to a safe shutdown mode
(b) prevent the system from restarting until the fault has been rectified
(c) prevent an unexpected restart

— Offer the same level of protection as hard-wired controllers

— Be implemented in accordance with a recognized standard that defines the
requirements for such systems.

2. IEC 61508, IEC 62061, ISO 13849-1, ISO 13849-2 and IEC 61800-5-2 are specified as
suitable Typicals in a note.

Underwriter Laboratories Inc. (UL) has defined a special category for "Programmable Safety
Controllers" for implementing this requirement (code NRGF). This category covers control
devices that contain software and are designed for use in safety-related functions.

A precise description of the category and a list of devices that fulfill this requirement can be
found on the Internet at the following address:

http://www.ul.com - certifications directory -~ UL Category code/ Guide information — search
for category "NRGF"

TUV Rheinland of North America, Inc. is also an NRTL for these applications.
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1.3.4

1.4

1.5

Safety Integrated

1.4 Machine safety in Japan

ANSI B11

ANSI B11 Typicals are joint Typicals developed by associations such as the Association for
Manufacturing Technology (AMT) and the Robotic Industries Association (RIA).

The hazards of a machine are evaluated by means of a risk analysis/assessment. The risk
analysis is an important requirement in accordance with NFPA 79, ANSI/RIA 15.06, ANSI
B11.TR-3 and SEMI S10 (semiconductors). The documented findings of a risk analysis can
be used to select a suitable safety system based on the safety class of the application in
question.

Machine safety in Japan

The situation in Japan is different from that in Europe and the US. Legislation such as that
prescribed in Europe does not exist. Similarly, product liability does not play such an
important role as it does in the US.

Instead of legal requirements to apply Typicals have been defined, an administrative
recommendation to apply JIS (Japanese Industrial Typical) is in place: Japan bases its
approach on the European concept and uses basic Typicals as national Typicals (see table).

Table 1- 1 Japanese Typicals

ISO/IEC humber JIS number Comments

ISO 12100-1 JIS B 9700-1 Earlier designation TR B 0008

ISO 12100-2 JIS B 9700-2 Earlier designation TR B 0009

ISO 14121-1/EN 1050 JIS B 9702

ISO 13849-1 JIS B 9705-1

ISO 13849-2 JIS B 9705-1

IEC 60204-1 JIS B 9960-1 Without annex F or route map of the
European foreword

IEC 61508-0 to -7 JIS C 0508

IEC 62061 JIS number not yet assigned

Equipment regulations

In addition to the requirements of the guidelines and Typicals, company-specific
requirements must be taken into account. Large corporations in particular (e.g. automobile
manufacturers) have stringent demands regarding automation components, which are often
listed in their own equipment specifications.

Safety-related issues (e.g. operating modes, operator actions with access to hazardous
areas, EMERGENCY STOP concepts, etc.) should be clarified with customers early on so
that they can be integrated in the risk assessment/risk reduction process.
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1.6 Other safety-related issues

1.6.1 Information sheets issued by the Employer's Liability Insurance Association

Safety-related measures to be implemented cannot always be derived from directives,
standards, or regulations. In this case, supplementary information and explanations are
required.

Some regulatory bodies issue publications on an extremely wide range of subjects.
Information sheets covering the following areas are available, for example:

® Process monitoring in production environments

® Axes subject to gravitational force

® Roller pressing machines

® | athes and turning centers - purchasing/selling

These information sheets issued by specialist committees can be obtained by all interested
parties (e.g. to provide support in factories, or when regulations or safety-related measures
for plants and machines are defined). These information sheets provide support for the fields
of machinery construction, production systems, and steel construction.

You can download the information sheets from the following Internet address (website is in
German, although some of the sheets are available in English):

http://www.bg-metall.de/

First select the menu item "Service and Contact", then the Link "Downloads" and finally the
category "Information sheets of the specialist committees”.

1.6.2 Additional references

e Safety Integrated: The Safety System for Industry (5th Edition and supplement), order no.
6ZB5 000-0AA01-0BA1

e Safety Integrated - Terms and Standards - Machine Safety Terminology (Edition
04/2007), order no. E86060-T1813-A101-A1
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2.1 Safety Integrated Functions

All of the Safety Integrated functions available under SINAMICS are listed in this chapter.
SINAMICS makes a distinction between Safety Integrated Basic Functions and Safety
Integrated Extended Functions.

The safety functions listed here are in conformance with:

e Safety Integrity Level (SIL) 2 according to DIN EN 61508

e (Category 3 to DIN EN ISO 13849-1

® Performance Level (PL) d according to DIN EN I1SO 13849-1

The safety functions correspond to the functions according to DIN EN 61800-5-2.
The following Safety Integrated functions (Sl functions) are available:

e Safety Integrated basic functions

These functions are part of the standard scope of the drive and can be used without
requiring an additional license. These functions are always available. These functions do
not place any special requirements on the encoder used.

— Safe Torque Off (STO)

STO is a safety function that prevents the drive from restarting unexpectedly, in
accordance with EN 60204-1, Section 5.4.

— Safe Stop 1 (SS1, time controlled)

Safe Stop 1 is based on the "Safe Torque Off" function. This means that a Category 1
stop in accordance with EN 60204-1 can be implemented.

— Safe Brake Control (SBC)

The SBC function permits the safe control of a holding brake.
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Safety Integrated Extended Functions

These functions require an additional Safety license. Extended Functions with encoder
require an encoder suitable for safety applications (see Chapter "Safety Integrated
Extended Functions" under "Safe actual value acquisition with encoder system")."

— Safe Torque Off (STO)

STO is a safety function that prevents the drive from restarting unexpectedly, in
accordance with EN 60204-1, Section 5.4.

— Safe Stop 1 (SS1, time and acceleration controlled)

The SS1 function is based on the “Safe Torque Off’ function. This means that a
Category 1 stop in accordance with EN 60204-1 can be implemented.

— Safe Brake Control (SBC)
The SBC function permits the safe control of a holding brake.
— Safe Stop 2 (SS2)

The SS2 function brakes the motor safely with a subsequent transition to "Safe
Operating Stop" (SOS). This means that a Category 2 stop in accordance with EN
60204-1 can be implemented.

— Safe Operating Stop (SOS)

SOS protects against unintentional movement. The drive is in closed-loop control
mode and is not disconnected from the power supply.

— Safely-Limited Speed (SLS)
The SLS function ensures that the drive does not exceed a preset speed limit.
— Safe Speed Monitor (SSM)

The SSM function is used for safely identifying when a speed limit is fallen below in
both directions of motion, e.g. to identify zero speed. A fail-safe output signal is
available for further processing.

— Safe Acceleration Monitor (SAM)

The SAM function monitors the safe braking of the drive during the ramp down. An
unintentional "reacceleration" is reliably prevented.
This is part of the SS1 and SS2 functions.

— Safe Brake Ramp (SBR)

The SBR function is used to safely monitor the braking ramp.
This is part of the SS1 functions without encoder and SLS without encoder.

— Safe Direction (SDI)
The SDI function provides reliable monitoring of the direction of motion.
— Safety Info Channel (SIC)

Using the SIC function, status information of the Safety Integrated functionality of the
drive is transferred to the higher-level control system.
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2.2 Preconditions for Safely Integrated Basic Functions

2.2 Preconditions for Safety Integrated Basic Functions

The following prerequisites apply for operation of the Safety Integrated Basic Functions:

For G150, S120 Cabinet Modules and S150: Option K82 (terminal module for activation
of the safety functions "Safe Torque Off" and "Safe Stop 1"), at activation signals of 230 V
and/or cable lengths of more than 30 m

For G150, S120 Cabinet Modules and S150: Option K88 (Safe Brake Adapter AC 230 V) /
K89 (Safe Brake Adapter 24 V DC)

For the G130 and S120 Chassis units: Option SBA (Safe Brake Adapter)

An activated speed controller in the drive

2.3 Preconditions for Safety Integrated Extended Functions

The following prerequisites apply for operation of the Safety Integrated Extended Functions:

Safety Integrated

A license is required to use the Safety Integrated Extended Functions. If the options (FO1
to FO5 or KO1 to KO05) are ordered, the license is already enabled on the memory card. If
a license is purchased subsequently, the respective license key must be entered in
parameter p9920 in ASCII code. The license key is activated using parameter p9921 = 1.
Alternatively, you can enter the license key by pressing the STARTER button "License
Key".

For information on how to generate the license key for the product "SINAMICS Safety
Integrated Extended Functions", read the section "Licensing" in the SINAMICS S120
Function Manual. An insufficient license is indicated via the following alarm and LED:

— A13000 --> License not sufficient

— LED RDY --> Flashes greed/red at 0.5 Hz

Control via PROFIsafe or TM54F / K87

An activated speed controller in the drive

No parallel connection of motor/power modules

Overview of hardware components that support the Extended Functions:

— Starting from firmware Version 4.3: Control Unit CU320-2

— Motor Modules Booksize where the order number ends as follows: -xxx3 or higher

— Motor Modules Chassis where the order number ends as follows: -xxx3 or higher
(For this design, Extended Functions are permitted only with sin/cos encoders.)

— Motor Modules Cabinet where the order number ends as follows: -xxx2 or higher
— Sensor Module SMC20, SME20/25/120/125, SMI20

Motors with integrated encoder and encoder evaluation with DRIVE-CLIQ interface
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Controlling the Safety Integrated functions

The following options for controlling Safety Integrated functions are available:

Table 2- 1 Controlling the Safety Integrated functions

Terminals (on the PROFIsafe based on TM545F
Control Unit and PROFIBUS or
Motor/Power Module) PROFINET
Basic Functions Yes Yes No
Extended Functions No Yes Yes

For Extended Functions, control is also possible via the Terminal Module TM54F. In this
case, control via terminals and TM54F or terminals and PROFIsafe can be simultaneously
selected.

NOTICE

Safety Integrated functions with SIMOTION
PROFISafe via PROFINET is not permitted with SIMOTION.

NOTICE

PROFIsafe or TM54F

Using a Control Unit, control is possible either via PROFIsafe or TM54F. Mixed operation is
not permissible.

Note

When controlling Safety Integrated functions via a TM54F, you may only assign each drive to

precisely one drive group of the TM54F.
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2.5 Drive monitoring with or without encoder

2.5 Drive monitoring with or without encoder

If motors without an encoder are being used, not all Safety Integrated functions can be used.
In operation without encoder the speed actual values are calculated from the measured
electrical actual values.

As a consequence, speed monitoring down to a speed of 0 rpm is also possible for operation
without an encoder.

Table 2- 2 Overview of Safety Integrated functions

Functions Abbreviation | With Without Brief description
encoder | encoder
Basic Safe Torque Off STO Yes Yes Safe Torque Off
Functions | gafe Stop 1 SS1 Yes Yes Safe stopping process in
accordance with stop
category 1
Safe Brake SBC Yes Yes Safe Brake Control
Control
Extended | Safe Torque Off STO Yes Yes " | Safe Torque Off
Functions | gafe Stop 1 SS1 Yes Yes " | Safe stop in accordance
with stop category 1
Safe Brake SBC Yes Yes Safe Brake Control
Control
Safe Stop 2 SS2 Yes No Safe stop in accordance
with stop category 2
Safe Operating SOS Yes No Safe monitoring of the
Stop standstill position
Safely-Limited SLS Yes Yes " | Safe monitoring of the
Speed maximum speed
Safe Speed SSM Yes Yes Safe monitoring of the
Monitor minimum speed
Safe Acceleration SAM Yes Yes Safe monitoring of drive
Monitor acceleration
Safe Brake Ramp SBR - Yes ") | Safe brake ramp
Safe Direction SDI Yes Yes Safe monitoring of the
direction of motion

1 The use of the safety function without encoder is possible only for induction motors or synchronous
motors of the SIEMOSYN series.

The configuration of the Safety Integrated functions and the selection of monitoring with or
without encoder is realized in the Safety screens of the STARTER or SCOUT tools.
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Monitoring with an encoder

The Safety Integrated functions with encoder are configured using p9506 = p9306 = 0 in the
expert list (factory setting) or by selecting "with encoder" in the Safety screen form.

If the drive is accelerated by the tolerance in p9348/p9548 during the ramp down, the Safe
Acceleration Monitor (SAM) detects this and triggers a STOP A. The monitoring function is
activated for SS1 (or STOP B) and SS2 (or STOP C) and is deactivated after the speed
drops below the value set in p9568/p9368. This applies only when p9568/p9368 * 0.
Otherwise, p9546/p9346 is taken as the lower limit.

Further details of the Safe Acceleration Monitor function are given in the Section "Safe
Acceleration Monitor" of Chapter "Safety Integrated Extended Functions" in this manual.

Monitoring without an encoder

The encoderless Safety Integrated functions are configured in the expert list using p9506 =
p9306 = 1 or p9506 = p9306 = 3 or by selecting "without encoder" in the Safety screen form.

For p9506 = p9306 = 1, the following is valid:

® For speed monitoring without encoder, the drive is braked along a ramp, which is defined
using Safe Brake Ramp (SBR encoderless). The gradient of the braking ramp is defined
using a reference speed (p9581/p9381) and a monitoring time (p9583/p9383). In addition,
a delay time (p9582/p9382) can be set. The brake ramp is effectively monitored once this
delay time expires.

e |f a Safety Integrated function is activated, e.g. SS1, then the system monitors whether
the actual value of the speed remains below the brake ramp during the complete braking
operation.

For p9506 = p9306 = 3, the following is valid:

e The Safety functions without encoder correspond to the functions with encoder, and SAM
behaves just like "monitoring with encoder".

2.6 Parameter, Checksum, Version, Password

Properties of Safety Integrated parameters
The following applies to Safety Integrated parameters:
® The safety parameters are kept separate for each monitoring channel.

® During startup, checksum calculations (Cyclic Redundancy Check, CRC) are performed
on the safety parameter data and checked. The display parameters are not contained in
the CRC.

e Data storage: The parameters are stored on the non-volatile memory card.
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® Factory settings for safety parameters

— Avreset of the safety parameters to the factory setting on a drive-specific basis using
p3900 and p0010 = 30 is only possible when the safety functions are not enabled
(p9301 = p9501 = p9601 = p9801 = p10010 = 0).

— The Safety parameters can be reset to the factory setting with p0970 = 5. To do so,
the Safety Integrated password must be set. When Safety Integrated is enabled, this
can result in error messages, which in turn require an acceptance test to be
performed. Then save the parameters and carry out a POWER ON.

— A complete reset of all parameters to the factory settings (p0976 = 1 and p0009 = 30
on the Control Unit) is possible even when the safety functions are enabled (p9301 =
p9501 = p9601 = p9801 = p10010 * 0).

® The Safety parameterization is password-protected against accidental or unauthorized
changes.

NOTICE

The following safety parameters are not protected by the safety password:
p9370 S| Motion acceptance test mode (Motor Module)

p9570 S| Motion acceptance test mode (Control Unit)

p9533 S| Motion SLS setpoint speed limitation

p9783 S| Motion synchronous motor current injection sensorless

Checking the checksum

For each monitoring channel, the safety parameters include one parameter for the actual
checksum for the safety parameters that have undergone a checksum check.

During commissioning, the actual checksum must be transferred to the corresponding
parameter for the setpoint checksum. This can be done for all checksums of a drive object at
the same time with parameter p9701.

Basic functions
® 19798 Sl actual checksum S| parameters (Control Unit)

p9799 Sl setpoint checksum Sl parameters (Control Unit)

r9898 Sl actual checksum Sl parameters (Motor Module)

p9899 Sl setpoint checksum Sl parameters (Motor Module)

Extended functions

r9398[0...1] S| Motion actual checksum S| parameters (Motor Module)

r9399[0...1] Sl Motion setpoint checksum S| parameters (Motor Module)

r9728[0...2] Sl Motion actual checksum S| parameters

p9729[0...2] S| Motion setpoint checksum S| parameters

During each ramp-up procedure, the actual checksum is calculated via the safety
parameters and then compared with the setpoint checksum.

If the actual and reference checksums are different, fault F01650/F30650 or FO1680/F30680
is output.
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Password
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The safety firmware has a separate version ID for the Motor/Power Module.
For the basic functions:

® 19770 Sl version, drive-autonomous safety functions (Control Unit)

e 9870 Sl version (Motor Module)

For the Extended Functions:

® 19590 S| Motion version safe movement monitoring (Control Unit)

® 19390 S| Motion version safe movement monitoring (Motor Module)

e 9890 Sl version (Sensor Module)

® 110090 Sl version TM54F

Note

For detailed requirements regarding Safety Integrated firmware, see "Safety Integrated
firmware versions".

The safety password protects the safety parameters against unintentional or unauthorized
access.

In commissioning mode for Safety Integrated (p0010 = 95), you cannot change safety
parameters until you have entered the valid safety password in p9761 for the drives or
p10061 for the TM54F.

® When Safety Integrated is commissioned for the first time, the following applies:
— Safety passwords =0
— Default setting of p10061 = 0 (S| password entry, TM54F)
— Default setting of p9761 = 0 (Sl password entry, drives)

In other words:
The safety password does not need to be set during first commissioning.

® In the case of a series commissioning of Safety or in the case of spare part installation,
the following applies:

— The safety password is retained on the memory card and in the STARTER project.
— No safety password is required in the case of spare part installation.
® Change password for the drives
— p0010 = 95 Commissioning mode
— p9761 = Enter "old safety password".
— p9762 = Enter "new password".
— p9763 = Confirm "new password".

— The new and confirmed safety password is valid immediately.
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® Change password for the TM54F
— p0010 = 95 Commissioning mode
— p10061 = Enter "Old TM54F Safety Password" (factory setting "0")
— p10062 = Enter "new password"
— p10063 = Acknowledge "new password"
— The new and acknowledged safety password is valid immediately.

If you need to change safety parameters but you do not know the Safety password, the
following options are available:

® Has Siemens read out the password
Contact your regional Siemens office and ask them to read out the password (complete
drive project must be made available).

® Completely recommission the SINAMICS drive unit.

— Set the entire drive unit (Control Unit with all connected drives/components) to the
factory setting.

— Recommission the drive unit and drives.

— Recommission Safety Integrated.

Overview of important parameters for "Password" (see SINAMICS List Manual)
® p9761 Sl password input

® p9762 Sl password new

® p9763 Sl password acknowledgement

® p10061 Sl password input TM54F

® p10062 Sl password new TM54F

® p10063 Sl password acknowledgement TM54F
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2.7 DRIVE-CLIQ rules for Safety Integrated Functions

Note

For the Safety Integrated Functions (Basic and Extended Functions) the general DRIVE-
CLiQ rules apply as a basic principle. These rules are provided in the chapter "Rules for
wiring with DRIVE-CLIQ" in the SINAMICS S120 Drive Functions Function Manual.

Exceptions for Safety Integrated components are also listed in it as a function of the firmware
version.

The following rules especially apply for Safety Integrated Extended Functions:

® Maximum of 6 servo axes for default clock cycle settings
(monitoring clock cycle = 12 ms; current controller cycle = 125 ps).

o Of which a maximum of 4 servo axes in one DRIVE-CLIQ line.

e Maximum of 6 vector axes for default clock cycle settings
(monitoring clock cycle = 12 ms; current controller cycle = 500 ps).

® One Double Motor Module, one DMC20 or DME20 and one TM54F each correspond to
two DRIVE-CLIQ participants.

o TM54F

— The TM54F should be connected directly to a Control Unit via DRIVE-CLIiQ. Only one
TM54F Terminal Module can be assigned to each Control Unit.

— Additional DRIVE-CLIQ participants can be operated at the TM54F, such as Sensor
Modules and Terminal Modules (however, no additional TM54F). Motor Modules and
Line Modules should not be connected to a TM54F.

— In the case of a CU310-2 Control Unit, it is not possible to connect the TM54F to the
DRIVE-CLIQ line of a Power Module. The TM54F can just be connected to the only
DRIVE-CLIQ -X100 socket of the Control Unit.
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3.1 Latest information

Important note for maintaining the operational safety of your system:

AWARN ING

Systems with safety-related characteristics are subject to special operational safety
requirements on the part of the operating company. The supplier is also obliged to comply
with special product monitoring measures. For this reason, we publish a special newsletter
containing information on product developments and features that are (or could be) relevant
when operating safety-related systems. You should subscribe to the corresponding
newsletter in order to obtain the latest information and to allow you to modify your
equipment accordingly.

Go into the Internet under:

http://automation.siemens.com

To subscribe to the newsletter, please proceed as follows:
1. Select the desired language for the webpage.

2. Click on the menu item "Support".

3. Click on the menu item "Newsletter".

Note

You have to register and log in if you want to subscribe to any newsletters. You will be led
automatically through the registration process.

4. Click on "Login" and log in with your access data. If you do not yet have a login and
password, select "Yes, | would like to register now".

You can subscribe to the individual newsletters in the following window.

5. Select the document type you wish to be informed about under "Select document type for
topic and product newsletters".

6. Under the "Product Support" heading on this page, you can see which newsletter is
currently available.
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3.2 Certification

7. Open the subject area "Safety Engineering - Safety Integrated".

You will now be shown which newsletter is available for this particular subject area or
topic. You can subscribe to the appropriate newsletter by clicking on the box. If you
require more detailed information on the newsletters then please click on this box. A
small supplementary window is opened from which you can take the appropriate
information.

8. At the very least, register for the newsletters for the following product areas:
— Safety Integrated for SIMOTION

— Drives

3.2 Certification
The safety functions of the SINAMICS drive system meet the following requirements:
e (Category 3 to EN ISO 13849-1
® Performance Level (PL) d to EN ISO 13849-1
e Safety integrity level 2 (SIL 2) to IEC 61508
e (Category 3 according to EN 954-1.
e EN 61800-5-2
e Systematic capability according to EN 62061

In addition, most of the SINAMICS safety functions have been certified by independent
institutes. An up-to-date list of certified components is available on request from your local
Siemens office.
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3.3 Safety instructions

Safety instructions

Note

Additional safety information and residual risks not specified in this section are included in
the relevant sections of this Function Manual.

/\DANGER

Safety Integrated can be used to minimize the level of risk associated with machines and
plants.

Machines and plants can only be operated safely in conjunction with Safety Integrated,
however, when the machine manufacturer

e precisely knows and complies with this technical user documentation - including the
documented limitations, safety information, and residual risks.

e Carefully constructs and configures the machine/plant. A careful and thorough
acceptance test must then be performed by qualified personnel and the results
documented.

¢ Implements and validates all the measures required in accordance with the
machine/plant risk analysis by means of the programmed and configured Safety
Integrated functions or by other means.

The use of Safety Integrated does not replace the machine/plant risk assessment carried
out by the machine manufacturer as required by the EC Machinery Directive.

In addition to using the Safety Integrated functions, further risk reduction measures must be
implemented.

/N\WARNING

The Safety Integrated functions cannot be activated until the system has been completely
powered up. System startup is a critical operating state with increased risk. No personnel
may be present in the immediate danger zone in this phase.

The drives of vertical axes must be in torque state.

A complete forced dormant error detection is necessary after
switching on (—see chapter, "forced dormant error detection").

/I\WARNING

EN 60204-1

The Emergency Stop function must bring the machine to a standstill in accordance with
stop category O or 1 (STO or SS1).

The machine must not restart automatically after EMERGENCY STOP.

When individual safety functions (Extended Functions) are deselected, an automatic restart
is permitted under certain circumstances depending on the risk analysis (except when
Emergency Stop is reset). An automatic start is permitted when a protective door is closed,
for example.
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AWARNING

After hardware and/or software components have been modified or replaced, all protective
equipment must be closed prior to system startup and drive activation. Personnel shall not
be present within the danger zone.

It may be necessary to carry out a partial or complete acceptance test or a simplified
functional test (see chapter "Acceptance test") after having made certain changes or
replacements.

Before allowing anybody to re-enter the danger zone, you should test steady control
response by briefly moving the drives in forward and reverse direction (+/-).

To observe during power on:

The Safety Integrated functions are only available and can only be selected after the
system has completely powered up.

AWARNING

e For a 1-encoder system, encoder faults are detected using different hardware and
software monitoring functions. It is not permissible to disable these monitoring functions
and parameters must be assigned carefully. Depending on the fault type and the
responding monitoring function, stop function category 0 or 1 to EN 60204-1 (fault
response functions STOP A or STOP B to Safety Integrated) is selected (see table
"Overview of stop responses” in Chapter "Safety Integrated Extended Functions”, in the
section "Safety faults").

e The category 0 stop function to EN 60204-1 (STO or STOP A to Safety Integrated)
means that the drives are not decelerated but instead coast to standstill (the time
required to coast to standstill depends on the kinetic energy). This must be included in
the logic of the protective door lock, for example, using logic operation of "SSM with
encoder (n<nx)". For Safety without encoder, you need to use other measures to ensure
that the protective door remains locked until the drive has come to a standstill.

o Safety Integrated Functions cannot detect parameter assignment errors made by the
machine manufacturer. The required safety level can only be reached by by means of
an elaborate acceptance test.

e Motor Modules or the motor must be replaced with a device of the same type, as the
parameter settings will otherwise lead to an incorrect response of the Safety Integrated
Functions. The corresponding drive must be re-calibrated after an encoder is replaced.

AWARNING

If an internal or external fault occurs, none or only some of the parameter-assigned safety
functions are available during the STOP-F response triggered by the fault. This must be
taken into account when parameters are assigned for a delay time between STOP F and
STOP B. This applies in particular to vertical axes.

Safety Integrated
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3.4

Safety Integrated

3.4 Probability of failure of the safety functions (PFH value)

NOTICE

Changing the EDS with safe motion monitoring

An encoder that is used for Safety Functions should not be switched over when a data set
is switched over.

The Safety Functions check the safety-relevant encoder data for changes when data sets
are switched over. If a change is detected, fault F01670 is displayed with a fault value of
10, which results in a non-acknowledgeable STOP A. The safety-relevant encoder data in
the various data sets must therefore be identical.

Probability of failure of the safety functions (PFH value)

The probability of failure of safety functions must be specified in the form of a PFH value
(Probability of Failure per Hour) in accordance with IEC 61508, IEC 62061, and ISO 13849-
1. The PFH value of a safety function depends on the safety concept of the drive unit and its
hardware configuration, as well as on the PFH values of other components used for this
safety function.

For SINAMICS drives and cabinets G130, G150, S120 Chassis, S120 Cabinet Modules and
S150, PFH values are available depending on the hardware configuration (number of drives,
type of control, number of encoders used). The various integrated safety functions are not
differentiated.

The PHF values can be requested from your local sales office.
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3.5 Response times

3.5.1 Response times Safety Integrated Basic Functions

The Basic Functions are executed in the monitoring clock cycle (p9780). PROFIsafe
telegrams are evaluated in the PROFIsafe scan cycle, which corresponds to twice the
monitoring clock cycle (PROFIsafe scan cycle = 2 x r9780).

Controlling Basic Functions via terminals on the Control Unit and Motor/Power Module

The following table lists the response times from the control via terminals until the response

actually occurs.

Table 3- 1 Response times for control via terminals on the Control Unit and the Motor/Power Module.

Function Typical Worst case
STO 2xr9780 +t_E 4 xr9780 +t_E
SBC 4 xr9780 +t_E 8xr9780 +t E

SS1 (time controlled)
Selection until braking is initiated

2xr9780+t E+2ms

4xr9780 +t_ E+2ms

The following applies for t_E (debounce time of digital input F-DI that is being used):

p9651 = 0
p9651 * 0

t_E = p0799 (default = 4 ms)
t_E =p9651 + 1 ms

Controlling Basic Functions via PROFIsafe

The following table lists the response times from receiving the PROFIsafe telegram on the

Control Unit up to initiating the response.

Table 3- 2 Response times when controlling via PROFIsafe

Function Typical Worst case
STO 5 xr9780 5 xr9780
SBC 6 x r9780 10 x r9780

SS1 (time controlled)
Selection until STO is initiated

5 x r9780 + p9652

5 x r9780 + p9652

SS1 (time controlled)
Selection until SBC is initiated

6 x r9780 + p9652

10 x r9780 + p9652

SS1 (time controlled)
Selection until braking is initiated

2xr9780 + 2 ms

4 xr9780 + 2 ms
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3.5.2 Response times, Safety Integrated Extended Functions with encoder
Activation of Extended Functions with encoder via PROFIsafe

The following table lists the response times from receiving the PROFIsafe telegram on the
Control Unit up to initiating the response.

Table 3- 3 Response times when controlling via PROFIsafe
Function Typical Worst case
STO 4 x p9500 + r9780 4 x p9500 + 3 x r9780
SBC 4 x p9500 + 2 x r9780 4 x p9500 + 6 x r9780

SS1 (time and acceleration controlled),
SS2 selection until braking is initiated 4 x p9500 + 2 ms
2 xp9500 + 2 ms
1.5 x p9500 + 2 ms
2 x p9500 + 2 ms
4 x p9500

1.5 x p9500 + 2 ms

5x p9500 + 2 ms

2.5 x p9500 +r9780 + t_ACT "
3xp9500 +t ACT "+ 2 ms
3.5 x p9500 +t_ ACT N+ 2 ms
4.5 x p9500 + t_ACT"
3xp9500 +t ACT" +2ms

SBR, safe acceleration monitoring responds

SOS standstill tolerance window violated

SLS speed limit violated 2
SSM 3)
SDI with encoder (until braking is initiated)

The specified response times involve internal SINAMICS response times. Program run times
in the F host and the transmission time via PROFIBUS or PROFINET are not taken into
account.

Activation of Extended Functions with encoder via TM54F

The following table lists the response times between a signal occurring at the terminals up to
the initiation of the response.

Table 3- 4 Response times with control via TM54F
Function typical Worst case
STO 2.5 x p9500 + r9780 + p10017 3 x p9500 + 3 x r9780 + p10017
+1.5ms +2ms
SBC 2.5 x p9500 + 2 x r9780 + p10017 3 x p9500 + 6 x r9780 + p10017

+1ms

+2ms

SS1 (time and acceleration controlled), SS2
selection until braking is initiated

2.5 xp9500 + p10017 + 3 ms

4 x p9500 + p10017 + 4 ms

SBR, safe acceleration monitoring responds

2 xp9500 + 2 ms

2.5 x p9500 +r9780 + t ACT "

SOS standstill tolerance window violated

1.5 x p9500 + 2 ms

3 xp9500 +t_ ACT Y+ 2 ms

SLS speed limit violated 2

2 xp9500 + 2 ms

3.5xp9500 +t ACTD +2ms

SSM 4

3 x p9500

3.5xp9500 +t ACT"

SDI with encoder (until braking is initiated)

1.5 x p9500 + 2 ms

3xp9500 +t_ ACT"+2ms
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3.5.3

Control of Extended Functions without encoder via PROFIsafe

Response times for Safety Integrated Extended Functions without encoder

The following table lists the response times from receiving the PROFIsafe telegram on the
Control Unit up to initiating the response.

Table 3- 5 Response times when controlling via PROFIsafe

Function Typical Worst case

STO 4 x p9500 + r9780 4 x p9500 + 3 x r9780
SBC 4 x p9500 + 2 x r9780 4 x p9500 + 6 x r9780

SS1 (time and acceleration controlled)

4 x p9500 + 2 ms

5x p9500 + 2 ms

SBR response of Safe Brake Ramp monitoring

3 x p9500 + p9587 + 6 ms

3.5 x p9500 + r9780 + p9587 + 32 ms

SLS speed limit violated 2

Standard

3 x p9500 + p9587 + 6 ms

4.5 x p9500 + r9780 + p9587 + 32 ms

Start phase®

3 x p9500 + p9587 + 6 ms +
p9586°

4.5 x p9500 + r9780 + p9587 + 32 ms
+ p9586°)

SSM without encoder

6 x p9500 + p9587 + 4 ms

6.5 x p9500 + p9587 + 32 ms

SDI without encoder until braking
is initiated

Standard

2.5 xp9500 + p9587 + 6 ms

4 x p9500 + r9780 + p9587 + 32 ms

Start phase®)

2.5 x p9500 + p9587 + 6 ms +
p95865

4 x p9500 + r9780 + p9587 + 32 ms +
p95865)

The specified response times involve internal SINAMICS response times. Program run times
in the F host and the transmission time via PROFIBUS or PROFINET are not taken into

account.

/\CAUTION

If the SLS or SDI safety functions are selected without an encoder when enabling the
control pulses for the Power Module, ensure during the start phase that the response times
for limit violations and system errors are extended by the time value set in parameters
p9586 and p9386° in comparison with standard values (see table above).

Following the time interval set for parameters p9586 and p9386, the standard response
times apply (see table above).
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Control of Safety Extended Functions without encoder via TM54F

3.5 Response times

The following table lists the response times between a signal occurring at the terminals up to
the initiation of the response.

Table 3- 6 Response times with control via TM54F
Function Typical Worst case
STO 2.5 x p9500 +r9780 + p10017 |3 x p9500 + 3 x r9780 + p10017 +
+1.5ms 2ms
SBC 2.5 x p9500 + 2 x r9780 + 3 x p9500 + 6 x r9780 + p10017 +

p10017 + 1 ms

2ms

SS1 (time and acceleration controlled)

2.5 x p9500 + p10017 + 3 ms

4 x p9500 + p10017 + 4 ms

SBR response of Safe Brake Ramp monitoring

3 x p9500 + p9587 + 6 ms

3.5 x p9500 + r9780 + p9587 + 32 ms

SLS speed limit violated 2

Standard

3 x p9500 + p9587 + 6 ms

4.5 x p9500 + r9780 + p9587 + 32 ms

Start phase®

3 x p9500 + p9587 + 6 ms +
p95865)

4.5 x p9500 + r9780 + p9587 + 32 ms
+ p9586°)

SSM without encoder

4 x p9500 + p9587 + 4 ms

4.5 x p9500 + p9587 + 32 ms

SDI without encoder until braking
is initiated

Standard

2.5 x p9500 + p9587 + 6 ms

4 x p9500 + r9780 + p9587 + 32 ms

Start phase®

2.5 x p9500 + p9587 + 6 ms +
p9586°

4 x p9500 + r9780 + p9587 + 32 ms +
p95865)

/N\CAUTION

If the SLS or SDI safety functions are selected without an encoder when enabling the
control pulses for the Power Module, ensure during the start phase that the response times
for limit violations and system errors are extended by the time value set in parameters
p9586 and p9386°% in comparison with standard values (see table above).

Following the time interval set for parameters p9586 and p9386, the standard response
times apply (see table above).

Safety Integrated
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Information on the tables:
Nt _ACT

For p9511 + 0 t_ACT = p9511
For p9511 = 0 If an isochronous PROFIBUS master is available: t ACT = PROFIBUS cycle
Otherwise: t ACT=1ms

2) SLS: Specification of the response time required for initiation of a braking reaction in the
drive, or for the output of the "SOS selected" message to the motion control system.

3 SSM: The data corresponds to the times between the limit value being undershot up to
sending the information via PROFIsafe.

4 SSM: The data corresponds to the times between the limit value being undershot up to
output of the information via the TM54F terminals.

%) In this way, you determine the "Evaluation delay time without encoder" (p9386/p9586)

The p9586/p9386 delay time is used for preventing unnecessary messages during the
starting phase of the converter.

1. To determine the minimum delay time of p9586/p9386, record the starting behavior of the
drive system (with motor and the intended load). In this case, the trace function of
STARTER enables the value for p9586/p9386 to be determined.

2. To prevent any unnecessary messages, deselect the functions "SDI without encoder" and
"SLS without encoder”.

3. Activate the trace function using the "OFF2 - inactive" trigger and for the signals to be
recorded: at least one motor current phase and OFF2.

Record this motor current phase following the ON command until Irated is reached. Enter
the time required for Imin to be reached (+ 10 % reserve) into p9386.

4. Obtain application-specific starting characteristics for the drive.

5. From the trace recording, read off the time after which the peak current of the induction
motor or the pulse pattern of the rotor position identification finishes, and the current
exceeds the "Minimum current actual value acquisition without encoder" p9588/p9388.

6. Enter the time measured + approx. 10 % into p9586 (the same value is automatically
entered into p9386 by means of parameter duplication).

7. Activate the functions "SDI without encoder" and "SLS without encoder"
8. Now restart the machine, keeping the trace function activated.

9. Unnecessary messages must no longer be output.

Safety Integrated
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3.6 Residual risk

Residual risk

The fault analysis enables the machine manufacturer to determine the residual risk at his
machine with regard to the drive unit. The following residual risks are known:

/I\WARNING

Due to the intrinsic potential of hardware faults, electrical systems are subject to additional
residual risk, which can be expressed by means of the PFH value.

/N\WARNING

Faults in the absolute track (C-D track), cyclically swapped phases of the motor
connections (V-W-U instead of U-V-W) and reversal of the control direction may cause
acceleration of the drive. Due to the fault, however, Category 1 and 2 stop functions
according to EN 60204-1 (fault response functions STOP B to D in accordance with
Safety Integrated) are not activated.

Stop function Category 0 according to EN 60204-1 (fault response function STOP A in
accordance with Safety Integrated) is not triggered until after the transition or delay time
set in the parameter has elapsed. These faults are detected when SAM is selected (fault
reaction functions STOP B/C) and stop function category 0 to EN 60204-1 (fault reaction
function STOP A in accordance with Safety Integrated) is triggered as early as possible
regardless of this delay. Electrical faults (defective components or similar) can also
cause the response cited above.

Simultaneous failure of two power transistors (one in the upper and the other offset in
the lower inverter bridge) in the inverter may cause brief movement of the drive,
depending on the number of poles of the motor.

Maximum value of this movement:

Synchronous rotary motors: Max. movement = 180° / number of pole pairs

Synchronous linear motors: max. movement = pole width

AWARN ING

Upper limit violations may briefly lead to a rotational speed higher than the speed
setpoint, or the axis may overtravel the defined position to a certain extent, depending
on the dynamic response of the drive and on parameter settings.

Mechanical forces greater than the maximum drive torque may force a drive currently
operated in position control mode out of the Safe Operating Stop (SOS) and trigger stop
function category 1 to EN 60204-1 (fault reaction function STOP B).
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54

AWARNING

Within a single-encoder system:
a) a single electrical fault in the encoder

b) an encoder shaft breakage (or loose encoder shaft coupling), or a loose encoder housing
will cause a static state of the encoder signals (that is, they no longer follow a movement
while still returning a correct level), and prevent fault detection while the drive is in stop
state (for example, drive in SOS state).

Generally, the drive is held by the active closed-loop control. With closed loop control, it is
conceivable that vertical (suspended) drives in particular can move without their motion
being detected.

The risk of an electrical fault in the encoder as described under a) is only present for few
encoder types with specific function principle (for example, encoders with microprocessor
controlled signal generation such as the Heidenheim EQI, Hilbner HEAG 159/160, or AMO
measuring systems with sin/cos signals).

The risk analysis of the machine manufacturer must include all of the faults described
above. Additional safety measures have to be taken for drives with suspended/vertical or
dragging loads in order to exclude the faults described in a), for example:

e Use of an encoder with analog signal generation or
o Use of a two-encoder system

and in order to exclude the fault described in b):

e Perform an FMEA regarding encoder shaft breakage (or slip of the encoder shaft
coupling) as well as loose encoder housings and use a fault exclusion process
according to IEC 61800-5-2, or

e implementation of a two-encoder system (the encoders should not be mounted on the
same shaft).

Safety Integrated
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4.1 Content of this chapter

In this chapter all Safety Integrated Functions for SINAMICS G130, G150, S120 Chassis,
S120 Cabinet Modules and S150 are explained. See the overviews for the preconditions, the
supported functions, and the control possibilities per converter

The safety functions listed conform to Safety Integrity Level (SIL) 2 to DIN EN 61508, to
Category 3 to DIN EN ISO 13849-1 and to Performance Level (PL) d to

DIN EN ISO 13849-1.
The safety functions correspond to the functions STO, SS1 and SBC to DIN EN 61800-5-2.
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4.2 SINAMICS G130

4.2 SINAMICS G130

421 Basic functions

Preconditions

The Safety Integrated Basic Functions are part of the standard scope of the drive and can be

used without an additional license.

Supported Safety Integrated Basic Functions

Safety function Abbreviation

Safe Torque Off STO Yes

Safe Stop 1 SS1 Yes

Safe Brake Control SBC Using Safe Brake Adapter

Control options

e Control Unit and terminal (on the power unit)

® PROFlsafe and terminal (on the power unit)

4272 Extended Functions

Use of the Safety Integrated Extended Functions is not possible with SINAMICS G130.
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4.3 SINAMICS G150

4.3 SINAMICS G150

431 Basic functions

Preconditions

The Safety Integrated Basic Functions are part of the standard scope of the drive and can be
used without an additional license.

Supported Safety Integrated Basic Functions

Safety function Abbreviation

Safe Torque Off STO Yes

Safe Stop 1 SS1 Yes

Safe Brake Control SBC Using Option K88 or K89

Control options
e \With option K82: Terminal module for controlling safety functions "STO" & "SS1"
e Control Unit and terminal (on the power unit)

® PROFIsafe and terminal (on the power unit)

43.2 Extended Functions
Use of the Safety Integrated Extended Functions is not possible with SINAMICS G150.
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4.4 SINAMICS S120 chassis

4.4

441

Preconditions

SINAMICS S120 chassis

Basic functions

The Safety Integrated Basic Functions are part of the standard scope of the drive and can be

used without an additional license.

Supported Safety Integrated Basic Functions

Safety function Abbreviation

Safe Torque Off STO Yes

Safe Stop 1 SS1 Yes

Safe Brake Control SBC Using Safe Brake Adapter

Control options

58

e Control Unit and terminal (on the power unit)

® PROFlsafe and terminal (on the power unit)
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4.4 SINAMICS S120 chassis

442 Extended Functions

Preconditions

e Option FO1 to FO5: Safety license for one up to five axes

Note

The term "axes" should also be interpreted as "drives".

® sin/cos sensor evaluation (Sensor Module SMC20, SME20/25/120/125, SMI20)

Supported Safety Integrated Extended Functions

Safety function Abbreviation | With encoder 1 Without encoder
Safe Torque Off STO Yes No
Safe Stop 1 SS1 Yes No
Safe Stop 2 SS2 Yes No
Safe Operating Stop SOSs Yes No
Safely-Limited Speed SLS Yes No
Safe Speed Monitor SSM Yes No
Safe Acceleration Monitor SAM Yes No
Safe Brake Control SBC Yes Yes
Safe Brake Ramp SBR No No
Safe Direction SDI Yes No

1) sin/cos sensor evaluation

Control options
® Terminal (TM54F)
® PROFlsafe
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4.5 SINAMICS S120 Cabinet Modules

4.5

4.5.1

4511

Preconditions

SINAMICS S120 Cabinet Modules

Booksize format Motor Module

Basic functions

The Safety Integrated Basic Functions are part of the standard scope of the drive and can be

used without an additional license.

Supported Safety Integrated Basic Functions

Safety function Abbreviation

Safe Torque Off STO Yes

Safe Stop 1 SS1 Yes

Safe Brake Control SBC Using Safe Brake Adapter

Control options

60

e With option K82: Terminal module for controlling safety functions "STO" & "SS1"

e Control Unit and terminal (on the power unit)

® PROFlsafe and terminal (on the power unit)
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4.5.1.2

Preconditions

Extended Functions

4.5 SINAMICS S120 Cabinet Modules

e Option K01 to KO5: Safety license for one up to five axes

Note

The term "axes" should also be interpreted as "drives".

® Option K48: Sensor Module Cabinet-Mounted SMC20 (sin/cos encoder)

Supported Safety Integrated Extended Functions

Control options

Safety Integrated

Safety function Abbreviation | With encoder 1 Without encoder
Safe Torque Off STO Yes Yes 2
Safe Stop 1 SS1 Yes Yes 2
Safe Stop 2 SS2 Yes No
Safe Operating Stop SOS Yes No
Safely-Limited Speed SLS Yes Yes 2
Safe Speed Monitor SSM Yes No
Safe Acceleration Monitor SAM Yes No
Safe Brake Control SBC Yes Yes
Safe Brake Ramp SBR No Yes 2
Safe Direction SDI Yes Yes 2

1) Option K48: Sensor Module Cabinet-Mounted SMC20 (sin/cos encoder)

2 Only possible with induction motors or with synchronous motors from the SIEMOSYN series

e Option K87: Terminal Module TM54F

o PROFlsafe
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4.5 SINAMICS S120 Cabinet Modules

45.2

4521

Preconditions

Motor Module in chassis format

Basic functions

The Safety Integrated Basic Functions are part of the standard scope of the drive and can be

used without an additional license.

Supported Safety Integrated Basic Functions

Safety function Abbreviation

Safe Torque Off STO Yes

Safe Stop 1 SS1 Yes

Safe Brake Control SBC Using Option K88 or K89

Control options

62

e With option K82: Terminal module for controlling safety functions "STO" & "SS1"

e Control Unit and terminal (on the power unit)

® PROFlsafe and terminal (on the power unit)

Safety Integrated
Function Manual, 03/2011, ASE03264275A



Supported functions
4.5 SINAMICS S120 Cabinet Modules

4522 Extended Functions

Preconditions

e Option K01 to KO5: Safety license for one up to five axes

Note

The term "axes" should also be interpreted as "drives".

® Option K48: Sensor Module Cabinet-Mounted SMC20 (sin/cos encoder)

Supported Safety Integrated Extended Functions

Safety function Abbreviation | With encoder 1 Without encoder
Safe Torque Off STO Yes No
Safe Stop 1 SS1 Yes No
Safe Stop 2 SS2 Yes No
Safe Operating Stop SOS Yes No
Safely-Limited Speed SLS Yes No
Safe Speed Monitor SSM Yes No
Safe Acceleration Monitor SAM Yes No
Safe Brake Control SBC Yes Yes
Safe Brake Ramp SBR No No
Safe Direction SDI Yes No

1) Option K48: Sensor Module Cabinet-Mounted SMC20 (sin/cos encoder)

Control options
® QOption K87: Terminal Module TM54F
® PROFlsafe
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4.6 SINAMICS S150

4.6

4.6.1

Preconditions

SINAMICS S150

Basic functions

The Safety Integrated Basic Functions are part of the standard scope of the drive and can be

used without an additional license.

Supported Safety Integrated Basic Functions

Safety function Abbreviation

Safe Torque Off STO Yes

Safe Stop 1 SS1 Yes

Safe Brake Control SBC Using Option K88 or K89

Control options

64

e With option K82: Terminal module for controlling safety functions "STO" & "SS1"

e Control Unit and terminal (on the power unit)

® PROFlsafe and terminal (on the power unit)
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46.2 Extended Functions

Preconditions

® Option KO1: Safety license for one axis

4.6 SINAMICS S150

Note

The term "axes" should also be interpreted as "drives".

® Option K48: Sensor Module Cabinet-Mounted SMC20 (sin/cos encoder)

Supported Safety Integrated Extended Functions

Control options

Safety Integrated

Safety function Abbreviation | With encoder 1 Without encoder
Safe Torque Off STO Yes No
Safe Stop 1 SS1 Yes No
Safe Stop 2 SS2 Yes No
Safe Operating Stop SOSs Yes No
Safely-Limited Speed SLS Yes No
Safe Speed Monitor SSM Yes No
Safe Acceleration Monitor SAM Yes No
Safe Brake Control SBC Yes Yes
Safe Brake Ramp SBR No No
Safe Direction SDI Yes No

" Option K48: Sensor Module Cabinet-Mounted SMC20 (sin/cos encoder)

® QOption K87: Terminal Module TM54F

o PROFIsafe
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4.6 SINAMICS S150
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51 Note

Note

You can ask your local sales office regarding the PFH values of the individual safety
functions (also refer to the Section "Probability of failure of safety functions").
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5.2 Safe Torque Off (STO)

5.2

Safe Torque Off (STO)

General description

In conjunction with a machine function or in the event of a fault, the "Safe Torque Off" (STO)
function is used to safely disconnect the torque-generating energy feed to the motor.

When the function is selected, the drive unit is in a "safe status". The switching on inhibited
function prevents the drive unit from being restarted.

The two-channel pulse suppression integrated in the Motor/Power Modules is the basis for
this function.

Functional features of "Safe Torque Off"

68

e This function is integrated in the drive; this means that a higher-level controller is not
required.

® The function is drive-specific, i.e. it is available for each drive and must be individually
commissioned.

® The function must be enabled using parameters.
e When the "Safe Torque Off" function is selected, the following applies:
— The motor cannot be started accidentally.

— The pulse suppression safely disconnects the torque-generating energy feed to the
motor.

— The power unit and motor are not electrically isolated.
e Extended acknowledgment:

If STO is selected/deselected (and p9307.0/p9507.0 are set to 1), safety messages, in
addition to fault messages, are also canceled automatically.

e A debounce function can be applied to the terminals of the Control Unit and the
Motor/Power Module in order to prevent incorrect trips due to signal disturbances. The
filter times are set using parameters p9651 and p9851.

/I\WARNING

Appropriate measures must be taken to ensure that the motor does not undesirably move
once the energy feed has been disconnected, e.g. against coasting down or for a
hanging/suspended axis, the "Safe Brake Control" (SBC) function should be enabled, also
refer to Chapter "Safe Brake Control".
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5.2 Safe Torque Off (STO)

/N\cauTion

If two power transistors simultaneously fail in the power unit (one in the upper and one in
the lower bridge), then this can cause brief momentary movement.

The maximum movement can be:

Synchronous rotary motors: Max. movement = 180 ° / No. of pole pairs

Synchronous linear motors: Max. movement = pole width

® The status of the "Safe Torque Off" function is displayed using parameters.

Enabling the "Safe Torque Off" function
The "Safe Torque Off" function is enabled via the following parameters:

® STO via terminals on the Control Unit and the power unit
p9601.0 = 1, p9801.0 = 1

® STO via PROFIsafe:
- p9601.0=0, p9801.0=0

— Basic Functions: p9601.2 =0, p9801.2=0
Extended Functions: p9601.2 = 1, p9801.2 = 1

- p9601.3 =1, p9801.3=1
® STO via PROFIsafe and terminals:
- p9601.0 =1, p9801.0 =1

— Basic Functions: p9601.2 =0, p9801.2=0
Extended Functions: p9601.2 = 1, p9801.2 = 1

— p9601.3=1,p9801.3 =1

e STO via TM54F (only with "Extended Functions" option):
- p9601.2=1, p9801.2 =1
— p9601.3=0,p9801.3=0

Selecting/deselecting "Safe Torque Off"
The following occurs when "Safe Torque Off" is selected:
e Each monitoring channel triggers safe pulse suppression via its switch-off signal path.

e A motor holding brake is applied (if connected and configured).
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5.2 Safe Torque Off (STO)

If "Safe Torque Off" is deselected, this is treated as an internal safe acknowledgment. The
following processes occur:

Each monitoring channel cancels safe pulse suppression via its switch-off signal path.
The safety prompt "Apply motor holding brake" is canceled.

Any pending STOP F or STOP A commands are canceled (see r9772 / r9872).

The cause of the fault must be remedied.

The messages in the fault memory also need to be reset using the general
acknowledgment mechanism.

Note

If "Safe Torque Off" is selected and de-selected through one channel within the time in
p9650/p9850, the pulses are suppressed without a message being output.

If you want a message to be displayed in this case, however, you have to reconfigure
NO01620/N30620 via p2118 and p2119 as an alarm or fault.

Restart after the "Safe Torque Off" function has been selected

1.
2.
3.

4.

Deselect the function in each monitoring channel via the input terminals.
Set drive enables.

Revoke "closing lockout" and switch the drive back on.

— 1/0 pulse edge at input signal "ON/OFF1" (revoke "closing lockout")
— 0/1pulse edge at input signal "ON/OFF1" (switch on drive)

Run the drives again.

Status for "Safe Torque Off"

The status of the "Safe Torque Off" (STO) function is displayed via parameters r9772, r9872,
r9773, and r9774.

As an alternative, the status of the function can be displayed using the configurable
messages N01620 and N30620 (configured using p2118 and p2119).
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Response time with the "Safe Torque Off" function

For the response times when the function is selected/deselected via input terminals, see the
table in chapter "System features", subchapter, "Response times".

Example - chassis example
Assumption:

Safety monitoring clock cycle CU (r9780) = 16 ms and
inputs/outputs sampling time (p0799) = 4 ms

tr_type = 2 x r9780 (16 ms) + p0799 (4 ms) = 36 ms
trR_max = 4 x r9780 (16 ms) + p0799 (4 ms) = 68 ms
Example - booksize design

Assumption:

Safety monitoring clock cycle CU (r9780) = 4 ms and
inputs/outputs sampling time (p0799) = 4 ms

tr_type = 2 x 19780 (4 ms) + p0799 (4 ms) =12 ms
trR_max = 4 x r9780 (4 ms) + p0799 (4 ms) = 20 ms

Internal armature short-circuit with the "Safe Torque Off" function

The function "internal armature short-circuit" can be configured together with the "STO"
function. However, only one of the two functions can be selected, as an OFF2 is also always
triggered when STO is selected. This OFF2 disables the function "Internal armature short-
circuit".

The "STO" safety function has the higher priority when simultaneously selected. If the "STO"
function is initiated, then an activated "internal armature short-circuit" is disabled.

Overview of important parameters
® p9601 Sl enable, functions integrated in the drive (Control Unit)
e 9772 CO/BO: Sl Status (Control Unit)
e 19872 CO/BO: Sl Status (Motor Module)
e 9773 CO/BO: Sl Status (Control Unit + Motor Module)
e 9774 CO/BO: Sl Status (group STO)
e p0799 CU inputs/outputs sampling time
e 9780 Sl monitoring clock cycle (Control Unit)
® p9801 Sl enable, functions integrated in the drive (Motor Module)

e 9880 S| monitoring clock cycle (Motor Module)
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5.3

General description

Safe Stop 1 (SS1, time controlled)

The "Safe Stop 1" (SS1, time controlled) function allows the drive to be stopped in
accordance with EN 60204-1, stop category 1. The drive brakes with the OFF3 ramp (p1135)
once "Safe Stop 1" is selected and switches to "Safe Torque Off" status once the delay time
set in p9652/p9852 has elapsed.

CAUTION

If the "Safe Stop 1" function (time-controlled) function has been selected by parameterizing
a delay in p9652/p9852, STO can no longer be selected directly via terminals.

Functional features of "Safe Stop 1"
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SS1 is enabled when p9652 and p9852 (delay time) are not equal to "0".

The precondition is that the Basic Functions or STO are enabled via terminals and/or
PROFIsafe.

— p9601.0/p9801.0 = 1 (enable via terminals)
— p9601.3/p9801.3 = 1 (enable via PROFIsafe)
Setting parameter p9652/p9852 has the following effect:

Setting Effect Control mode for Basic
Functions
p9652/p9852 = 0 STO enabled Via terminals

STO enabled and SS1 not enabled (and Via PROFIsafe
therefore cannot be selected)

p9652/p9852 > 0 SS1 enabled Via PROFIsafe or terminals

When SS1 is selected, the drive is braked along the OFF3 ramp (p1135) and STO/SBC is
automatically initiated after the delay time has expired (p9652/p9852).

After the function has been selected, the delay timer runs down - even if the function is
deselected during this time. In this case, after the delay time has expired, the STO/SBC
function is selected and then again de-selected immediately.

Note

So that the drive is able to travel along the OFF3 ramp completely and any motor holding
brake being used can be applied, the delay time should be set as follows:

e Motor holding brake parameterized: Delay time = p1135 + p1228 + p1217

e Motor holding brake not parameterized: Delay time = p1135 + p1228
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® The selection is realized through two channels - however braking along the OFF3 ramp,
only through one channel.

® A debounce function can be applied to the terminals of the Control Unit and the Motor
Module in order to prevent incorrect trips due to signal disturbances. The filter times are
set using parameters p9651 and p9851.

Enabling the "Safe Stop 1" function
The "Safe Stop 1" (SS1) function is enabled via the following parameters:
® SS1 via terminals or PROFIsafe:

— By entering the delay time in p9652 and p9852,

Prerequisite

STO via terminals (p9601.0 = p9801.0 =1) or Basic Functions via PROFlIsafe (p9601.2 =
p9801.2 = 0 and p9601.3 = p9801.3 = 1) must be configured.

In order that the drive can brake down to a standstill even when selected through one
channel, the time in p9652/p9852 must be shorter than the sum of the parameters for the
data cross-check (p9650/p9850 and p9658/p9858). Otherwise the drive will coast down after
the time p9650 + p9658 has elapsed.

Status for "Safe Stop 1"

The status of the "Safe Stop 1" (SS1) function is displayed using the parameters r9772,
r9872, r9773 and r9774.

Alternatively, the status of the functions can be displayed using the configurable messages
N01621 and N30621 (configured using p2118 and p2119).

Overview of important parameters
® p1135[0...n] OFF3 ramp-down time
® p9652 Sl Safe Stop 1 delay time (Control Unit)
e 9772 CO/BO: Sl Status (Control Unit)
e 9773 CO/BO: Sl Status (Control Unit + Motor Module)
e 9774 CO/BO: Sl Status (group STO)
® p9852 Sl Safe Stop 1 delay time (Motor Module)
e 9872 CO/BO: Sl Status (Motor Module)

Note

The correct display of the S| Status Motor Module (r9872) is supported for order numbers
with the extension- ...xxx3.
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5.4

Safe Brake Control (SBC)

General description

The "Safe Brake Control" function (SBC) is used to control holding brakes that function
according to the quiescent current principle (e.g. motor holding brake).

The command for releasing or applying the brake is transmitted to the Motor/Power Module
via DRIVE-CLIiQ. The Motor/Power Module then carries out the action and activates the
outputs for the brake.

Brake activation via the brake connection on the Motor/Power Module is carried out using a
safe, two-channel method.

Note

For Motor Modules in the chassis format, this function is supported for order numbers with
the extension ...-xxx3. In addition, for Motor/Power Modules in the chassis format, a Safe
Brake Adapter is required.

AWARNING

The "Safe Brake Control" function does not detect electrical faults or mechanical defects.
The system does not detect whether a brake is worn, for example, or has a mechanical
defect, or whether it opens or closes.

A cable break or a short-circuit in the brake winding is only detected when the state
changes, i.e. when the brake either opens or closes.

Functional features of "Safe Brake Control"
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e When "Safe Torque Off" (STO) is selected or when safety monitoring functions respond,
SBC is executed with safe pulse suppression.

® Unlike conventional brake control, SBC is executed via p1215 through two channels.

e SBC is executed regardless of the brake control or mode set in p1215. SBC is not
recommended, however, when 1215 = 0 or 3.

® The function must be enabled using parameters.

e |f SBC is enabled, each time "Safe Torque Off" is selected, the holding brake is closed
immediately with forced dormant error detection.

e When the state changes, electrical faults, such as e.g. a short-circuit in the brake winding
or wire breakage can be detected.

e A debounce function can be applied to the terminals of the Control Unit and the
Motor/Power Module in order to prevent incorrect trips due to signal disturbances. The
filter times are set using parameters p9651 and p9851.
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Enabling the "Safe Brake Control" function
The "Safe Brake Control" function is enabled via the following parameters:
® p9602 Sl enable safe brake control (Control Unit)
® p9802 Sl enable safe brake control (Motor Module)

The "Safe Brake Control" function cannot be used until at least one safety monitoring
function has been enabled (i.e. p9601 = p9801 * 0).

Two-channel brake control

Note
Connecting the brake
The brake cannot be directly connected to a chassis format Motor/Power Module. The

connection terminals are designed only for 24 V DC with 150 mA; additional hardware is
necessary for higher currents and voltages (e.g. Safe Brake Adapter).

The brake is essentially controlled from the Control Unit. Two signal paths are available for
applying the brake.

For the "Safe Brake Control" function, the Motor/Power Module assumes a monitoring
function to ensure that when the Control Unit fails or malfunctions the brake current is
interrupted therefore closing the brake.

The brake diagnosis can only reliably detect a malfunction in either of the switches (TB+,
TB-) when the status changes, i.e. when the brake is released or applied.

If the Motor/Power Module or the Control Unit detects a fault, the brake current is switched
off and the safe condition is thereby achieved.

Safe Brake Control for Motor/Power Modules, chassis format

To be able control higher power for the brakes used with chassis-format devices, an
additional Safe Brake Adapter (SBA) module is required. Further information on the
connection and wiring of the Safe Brake Adapter can be found in the Chapter "Controlling
"SBC" via Safe Brake Adapter".

Using parameters p9621/p9821, you can define via which digital input the Safe Brake
Adapter's feedback signal (brake released or applied) is transferred to the Control Unit.

Further functionality and control of the brake, i.e. reaching the safe status, are in this case
the same as the procedure described above for booksize devices.

Response time with the "Safe Brake Control" function

For the response times when the function is selected/deselected via input terminals, see the
table in "Response times".
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Overview of important parameters (see SINAMICS S120/S150 List Manual)
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p0799 CU inputs/outputs sampling time

p9602 Sl enable safe brake control (Control Unit)
p9621 BI: Sl Signal source for SBA (Control Unit)
p9622[0...1] SI SBA relay wait times (Control Unit)
r9780 S| Monitoring clock cycle (Control Unit)
p9802 Sl enable safe brake control (Motor Module)
p9821 BI: Sl Signal source for SBA (Motor Module)
p9822[0...1] S| SBA relay wait times (Motor Module)
r9880 SI monitoring clock cycle (Motor Module)
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5.5 Safety faults

The fault messages of the Safety Integrated Basic Functions are saved in the standard
message buffer and can be read out from there.

When faults associated with Safety Integrated Basic Functions occur, the following stop
responses can be initiated:

Table 5- 1 Stop responses for Safety Integrated Basic Functions

Stop response Triggered ... Action Effect

STOP A cannot be | For all non- Trigger safe pulse The motor coasts to a

acknowledged acknowledgeable suppression via the standstill or is braked by the
Safety faults with switch-off signal path for | holding brake.
pulse suppression. the relevant monitoring

STOP A For all channel. During operation
acknowledgeable with SBC: .

Safety faults apply motor holding
brake.
As a follow-up
reaction of STOP F.
STOP A corresponds to Stop Category 0 to EN 60204-1.
With STOP A, the motor is switched directly to zero torque via the "Safe Torque
Off (STO)" function.
A motor at standstill cannot be started again accidentally.
A moving motor coasts to standstill. This can be prevented by using external
braking mechanisms, e.g. holding or operating brake.
When STOP A is present, "Safe Torque Off' (STO) is active.

STOP F If an error occurs in | Transition to STOP A. Follow-up response STOP A
the data cross- with adjustable delay (factory
check. settings without delay) if one

of the Safety functions is
selected

STOP F is permanently assigned to the data cross-check (DCC). In this way,
errors are detected in the monitoring channels.

After STOP F, STOP A is triggered.
When STOP A is present, "Safe Torque Off" (STO) is active.

AWARN ING

With a vertical axis or pulling load, there is a risk of uncontrolled axis movements when
STOP AJF is triggered. This can be prevented by using "Safe Brake Control (SBC)" and a
holding brake (not a safety brake!) with sufficient holding force.
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Acknowledging the Safety faults
There are several options how Safety faults can be acknowledged:
1. Option
— Remove the cause of the fault.
— Deselect "Safe Torque Off" (STO).

— Acknowledge fault.
If the Safety commissioning mode is exited with the safety functions switched off
(p0010 = value not equal to 95, when p9601 = p9801 = 0), then all of the Safety faults
can be acknowledged.
After the Safety commissioning mode has been set again (p0010 = 95), all of the
faults that were previously present appear again.

2. Option
The higher-level controller sets the signal "Internal Event ACK" via the PROFIsafe
telegram (STW bit 7). A falling edge in this signal resets the status "Internal Event" and so
acknowledges the fault.

The options described for acknowledging Safety faults can be used in parallel, if the control
of the Safety functions via terminals and PROFIsafe have been enabled.

NOTICE

Safety faults can also be acknowledged (as is the case for all other faults) by switching the
drive unit off and then on again (POWER ON).

If this action has not eliminated the fault cause, the fault is displayed again immediately
after power up.

Description of faults and alarms

Note

The faults and alarms for SINAMICS Safety Integrated functions are described in SINAMICS
Parameter Manual
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5.6 Forced checking procedure

Forced checking procedure

Forced dormant error detection or test of the switch-off signal paths for Safety Integrated Basic

Functions

Safety Integrated

The forced dormant error detection function at the switch-off signal paths is used to detect
software/hardware faults at both monitoring channels in time and is automated by means of
activation/deactivation of the "Safe Torque Off" function.

To fulfill the requirements of ISO 13849-1 regarding timely error detection, the two switch-off
signal paths must be tested at least once within a defined time to ensure that they are
functioning properly. This functionality must be implemented by means of forced dormant
error detection function, triggered either in manual mode or by the automated process.

A timer ensures that forced dormant error detection is carried out as quickly as possible.
® p9659 Sl timer for the forced dormant error detection.

Forced dormant error detection must be carried out at least once during the time set in this
parameter.

Once this time has elapsed, an alarm is output and remains present until forced dormant
error detection is carried out.

The timer returns to the set value each time the STO function is deactivated.

When the appropriate safety devices are implemented (e.g. protective doors), it can be
assumed that running machinery will not pose any risk to personnel. For this reason, only an
alarm is output to inform the user that a forced dormant error detection run is due and to
request that this be carried out at the next available opportunity. This alarm does not affect
machine operation.

The user must set the time interval for carrying out forced dormant error detection to
between 0.00 and 9000.00 hours depending on the application (factory setting: 8.00 hours).

Examples of when to carry out forced dormant error detection:

e \When the drives are at a standstill after the system has been switched on (POWER ON).
e \When the protective door is opened.

® At defined intervals (e.g. every 8 hours).

® |n automatic mode (time and event dependent)

NOTICE

The timer of the Basic Functions will be reset if the associated forced dormant error
detection is executed and the Extended Functions are used simultaneously.

Discrepancy is not checked at the terminals used to select the Basic Functions as long as
STO is set by the Extended Functions. This means that the forced dormant error detection
procedure of the Basic Functions always has to be executed without simultaneous selection
of STO or SS1 by the Extended Functions. It is otherwise not possible to verify the correct
control through the terminals.
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6.1 Note regarding PFH values

Note

You can ask your local sales office regarding the PFH values of the individual safety
functions (also refer to the Section "Probability of failure of safety functions").
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6.2 Extended Functions "with encoder" / "without encoder"

For activation of the Safety Integrated Extended Functions "with encoder" and "without
encoder", set the parameters p9306 and p9506 (factory setting = 0). You can also make this
setting by selecting "with encoder" or "without encoder" on the Safety Integrated STARTER
screen. This STARTER screen can be found for each drive under "Functions" - "Safety
Integrated".

® Operation with encoder
p9306 = p9506 = 0

® Operation without encoder
p9306 = p9506 = 1
or
p9306 = p9506 = 3

"Park" mode for Safety Integrated Extended Functions "with encoder"

Note

When a drive object, for which Safety Integrated Extended Functions with encoder are
enabled, is switched to "Park" mode, the Safety Integrated software responds by selecting
STO without generating a separate message. This internal STO selection is displayed in
parameter r9772.19.

Restrictions for Safety Integrated Extended Functions "without encoder"

The following restrictions apply for the Extended Functions "without encoder":

Operation only with synchronous motors of the series
1 SIEMOSYN (only with U/f control)

No operation with devices of the following formats

1 Chassis

Technolog_;ical restrictions

Pulling loads are not permitted

2 Slip of an induction motor must be taken into consideration
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6.2 Extended Functions "with encoder” / "without encoder”

Cannot be used in conjunction with the following functions™

Flying restart

Current limitation lim

DC brake

Compound brake

SW pulse logic

Motor identification

Motor data set switchover from synchronous and induction motors is not permitted

O IN|O[O |~ [WIN |~

Pulse pattern technique for sensorless vector control of synchronous motors (selection via
p1750.5)

1)

Note: Activation of a safety motion monitoring function and the simultaneous use of these drive
functions results in a safety fault.

Performance restrictions

1 Within 1 s only one start-up and one ramp-down are permitted 2

2 The permitted ramp time is a minimum of 1 s for synchronous motors (ramp time depends
on the power rating)

3 A current controller cycle of 31.25 ps results in a fault in the Motor Module

Note: This means that it is also not possible to have a current controller cycle of 62.5 ys on
a Double Motor Module with 2 safety axes.

2)

Note: For a cycle "0 — +nset - -nset— 0", an interval of at least 2 s is required.

/N\CAUTION

Safety Integrated Extended Functions "without encoder" must not be used if the motor,
after it has been switched off, can still be accelerated by the mechanical elements of the
connected machine component.

Whether or not a mechanical brake is installed is irrelevant here.

Examples:

1.

For the hoisting gear of a crane, the suspended load can accelerate the motor as soon as
the motor is switched off. In this case, the safety functions "without encoder" are not
permitted.

Even if the mechanical brake of the hoisting gear is generally applied after the motor has
been switched off, the use of safety functions "without encoder” in this application is still
prohibited.

A horizontal conveyor is always braked to a standstill due to friction as soon as the motor
is switched off. In this case, the safety functions "without encoder" can be used without
any restrictions.
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6.3

6.3.1

6.3.1.1

Licenses
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Safety licenses for 1 to 5 axes

Safety licenses for S120 Chassis

Option FO1 to FO5 (safety licenses for 1 to 5 axes)

The Safety Integrated basic functions are unlicensed. A license is, however, required for
each axis with safety functions in the case of Safety Integrated Extended Functions. In this
regard it is irrelevant which safety functions are used and how many.

The option F01 stands for 1 axis, option FO2 stands for 2 axes, etc. to option F05 for 5 axes.
e FO01: Safety license for 1 axis
® F02: Safety license for 2 axes
® F03: Safety license for 3 axes
® F04: Safety license for 4 axes

® F05: Safety license for 5 axes

Note

Currently on a Control Unit CU320-2, a max. of 5 safety axes with Safety Integrated
Extended Functions are possible.

Note

The term "axes" should also be interpreted as "drives".

The required licenses can optionally be ordered with the CompactFlash Card.

Retroactive licensing is executed on the Internet via the "WEB License Manager" by
generating a license key:
http://www.siemens.com/automation/license

Note

The process for generating a license key is described in detail in the SINAMICS S120
Function Manual, chapter, "Fundamentals of the drive system" under, "Licensing.
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Activation

The associated license key is entered in parameter p9920 in ASCII code. The license key is
activated using parameter p9921 = 1.

Diagnostics
An insufficient license is indicated via the following alarm and LED:
e \Warning A13000 - License not sufficient
e |ED READY - Flashes green/red at 0.5 Hz

6.3.2 Safety licenses for S120 Cabinet Modules and S150

6.3.2.1 Option K01 to K05 (safety licenses for 1 to 5 axes)

The Safety Integrated basic functions are unlicensed. A license is, however, required for
each axis with safety functions in the case of Safety Integrated Extended Functions. In this
regard it is irrelevant which safety functions are used and how many.

The option K01 stands for 1 axis, option KO2 stands for 2 axes, etc. to option K05 for 5 axes.

e KO01: Safety license for 1 axis

KO02: Safety license for 2 axes

KO03: Safety license for 3 axes

K04: Safety license for 4 axes

KO05: Safety license for 5 axes

Note

Currently on a Control Unit CU320-2, a max. of 5 safety axes with Safety Integrated
Extended Functions are possible.

Note

The term "axes" should also be interpreted as "drives".

Licenses

The required licenses can optionally be ordered with the converter cabinet.
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Activation

Diagnostics

6.4

Retroactive licensing is executed on the Internet via the "WEB License Manager" by
generating a license key:
http://www.siemens.com/automation/license

Note

The process for generating a license key is described in detail in the SINAMICS S$120
Function Manual, chapter, "Fundamentals of the drive system" under, "Licensing.

The associated license key is entered in parameter p9920 in ASCII code. The license key is
activated using parameter p9921 = 1.

An insufficient license is indicated via the following alarm and LED:
e Warning A13000 - License not sufficient
e |ED READY - Flashes green/red at 0.5 Hz

Safe Torque Off (STO)

In addition to the control options specified under Safety Integrated Basic Functions, "Safe
Torque Off (STO)" under Safety Integrated Extended Functions can also be activated via
TM54F or PROFlsafe.

Note

The use of the "Safe Torque Off (STO)" safety function without encoder, is only possible for
induction motors or for synchronous motors from the SIEMOSYN series.

Functional features of "Safe Torque Off"
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The functionality of "Safe Torque Off (STO)" is described in the Chapter, "Safety Integrated
Basic Functions".

Safety Integrated
Function Manual, 03/2011, ASE03264275A



Safety Integrated Extended Functions

6.5 Safe Stop 1 (SS517)

6.5 Safe Stop 1 (SS1)

6.5.1 Safe Stop 1 with encoder (time and acceleration controlled)

General description

The "Safe Stop 1" (SS1) function with encoder monitors whether motor acceleration reaches
impermissible levels during the SS1 time.

The "Safe Stop 1" (SS1) function allows the drive to be stopped to EN 60204-1, Stop
Category 1. The drive brakes with the OFF3 ramp (p1135) once "Safe Stop 1" is selected
and switches to "Safe Torque Off" (STO) once the delay time has elapsed (p9356/p9556) or
when the shutdown speed is reached (p9360/p9560).

If the drive maintains the acceleration monitoring limits, STO is triggered when the shutdown
speed is reached or after the delay time has expired (SS1 time). If acceleration monitoring
limits are violated, messages C01706 and C30706 are output and the drive is stopped with

STOP A.
Apm a) Shutdown speed is reached before the delay
time has expired
n_act b) Shutdown speed is reached after the delay time

has expired

p9360/| Shutdown speed
p9560 | Pulse cancelation

:
SS1/STOP B

Delay time
<
Pulse cancelation

o

ulse cancelation

i

!

(p9356/p9556)
a) SS1_active | Additional Power_removed L
b) SS1_active Additional Power_removed L

Figure 6-1 Sequence for "Safe Stop 1" with encoder
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Functional features of "Safe Stop 1" with encoder

Commissioning
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® The delay time starts after the function is selected. If SS1 is deselected again within this
time, after the delay time has expired or after the shutdown speed has been undershot,
the STO function is selected and then immediately deselected again.

® The selection and monitoring of the acceleration (SAM) are realized through two
channels — however, braking along the OFF3 ramp, only through one channel.

® The "Safe Acceleration Monitor" (SAM) function is activated when braking (see "Safe
Acceleration Monitor").

Note

Activating SS1 may cause the higher-level control (PLC, motion controller), which enters the
speed setpoint, to interrupt the ramp function by triggering OFF2.

The device behaves in this way as a result of a fault response triggered by OFF3 activation.
This fault reaction must be avoided using the appropriate configuration/parameterization.

Note

If you use SS1 together with EPOS, then an OFF2 is not permitted as a fault reaction to
F07490 (EPOS: Enable disabled while traversing). The reaction can be configured using
p2100/p2101.

Note

For "Safe Stop 1" (SS1), the "Safe Acceleration Monitor" (SAM) function is active. For
parameterization of the function "Safe Acceleration Monitor" (SAM)

- See Chapter "Safe Acceleration Monitor (SAM)".

The delay time (SS1 time) is set by entering parameters p9356 and p9556. The delay time
until the pulses are suppressed can be shortened by defining a shutdown speed in p9360
and p9560.

To enable the drive to decelerate to standstill, the time set in p9356/p9556 must be sufficient
to allow the drive to decelerate to below the shutdown speed in p9360/p9560 along the
OFF3 ramp (p1135).

Note

So that the drive is able to travel along the OFF3 ramp completely and any motor holding
brake being used can be applied, the delay time should be set as follows:

e Motor holding brake parameterized: Delay time = p1135 + p1228 + p1217

e Motor holding brake not parameterized: Delay time = p1135 + p1228
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The shutdown speed defined in p9360/p9560 must be set in such a way that personal safety
or the safety of the machine is not compromised as of this speed and as a result of
subsequent coasting due to the pulses being suppressed.

The actual speed tolerance is set using parameters p9348/p9548 (for more information
please see section "Safe Acceleration Monitor (SAM)").

Responses
Speed limit violated (SAM):
e STOPA
e Safety message C01706/C30706
System errors:
1. STOP F with subsequent STOP B, followed by STOP A
2. Safety message C01711/C30711

Status for "Safe Stop 1"

The status of the "Safe Stop 1" function is displayed using the following parameters:
e r9722.1 CO/BO: Sl Motion status signals, SS1 active
e 19722.0 CO/BO: Sl Motion status signals, STO active (power removed)

6.5.2 Safe Stop 1 without encoder (speed controlled)

Note

"Safe Stop 1 (SS1)" without encoder can only be used for induction motors or for
synchronous motors from the SIEMOSYN series.

Two encoderless Safe Stop 1 (SS1) monitoring functions can be set with parameters
p9506/p9306:

® p9506/p9306 = 3: Safe acceleration monitoring (SAM) / delay time. The function is
identical to "Safe Stop 1" with encoder, which was described in the previous chapter.

® p9506/p9306 = 1: Safe braking ramp monitoring (SBR)
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Braking ramp monitoring

The motor is immediately decelerated along the OFF3 ramp as soon as SS1 is triggered.
Monitoring is activated once the delay time in p9582/p9382 has elapsed. The drive is
monitored during braking to ensure the set brake ramp is maintained. As soon as the speed
drops below the breaking speed (p9560/p9360), safe monitoring of the brake ramp is
deactivated and safe pulse suppression (STO) is activated. If the set braking ramp (SBR) is
violated (exceeded), messages C01706 and C30706 are output and the drive is stopped with

STO (STOP A).

Reference
A speed Selection of the SS1 ramp:
- | User action:
‘s - Set the SS1 signal
s} :
o
>

User action:
- none

End of envelope
(monitoring ramp)

Activation of STO: Start drive:

User action: User action:

- none ) - Set the OFF1/ON signal
Deselection of the SS1 ramp: :
User action: .

- Unset the SS1 signal

Activation of SS1 ramp:

Stator speed

OFF3 ramp Rotor speed
Standstill ] ... T .. STO: i

detection IS

3 Set point

i I speed

o : : i

_ SBR delay time (p9582) : : Time
) ) Moflitoring ramp: Fall time :
m 4sTO selected : : :
2 | STO active : ]
2 2 ... l
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SStactive | . Heeeereeenreeeeeaiiaaaas ferernnnnn
. Lo : :
© A M : :
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g SS1 active | . 1
e s : b
o Power removed I_l

Figure 6-2  Sequence for "Safe Stop 1" without encoder (p9506/p9306 = 1)

Functional feature of Safe Stop 1 without encoder

Selection and monitoring of the brake ramp (SBR) or the acceleration (SAM) are
implemented in two channels, however braking along the OFF3 ramp is only through one

channel.
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Parameterization of the braking ramp without encoder

p9581/p9381 and p9583/p9383 are used to set the steepness of the brake ramp.
Parameters p9581/p9381 determine the reference speed and parameters p9583/p9383
define the monitoring period. Parameters p9582/p9382 are used to set the time between the
triggering of Safe Stop 1 and the start of brake ramp monitoring.

6.5.3 Overview of important parameters
® p1135[0...n] OFF3 ramp-down time
® p9301 Sl Motion enable safety functions (Motor Module)
® p9501 S| Motion enable safety functions (Control Unit)
® p9306 S| Motion function specification (Motor Module)
® p9506 S| Motion function specification (Control Unit)
® p9360 S| Motion pulse cancelation shutdown speed (Motor Module)
® p9560 S| Motion pulse cancelation shutdown speed (Control Unit)
e 19722.0...15 CO/BO: Sl Motion drive-integrated status signals

Only for SS1 with encoder and SS1 without encoder with acceleration monitoring (p9506 = 3):
p9348 S| Motion SAM actual speed tolerance (Motor Module)
p9548 S| Motion SAM actual speed tolerance (Control Unit)

p9356 S| Motion pulse cancelation delay time (Motor Module)

p9556 S| Motion pulse cancelation delay time (Control Unit)

Only for SS1 without encoder (p9506 = 1):

p9381 SI Motion braking ramp reference value (Motor Module)

p9581 SI Motion braking ramp reference value (Control Unit)
® p9382 Sl Motion brake ramp delay time (Motor Module)

® p9582 S| Motion brake ramp delay time (Control Unit)

® p9383 Sl Motion brake ramp monitoring time (Motor Module)
® p9583 S| Motion brake ramp monitoring time (Control Unit)
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6.6 Safe Stop 2 (§52)

6.6

6.6.1

92

Safe Stop 2 (SS2)

General description

Note

The safety function "Safe Stop 2" (SS2) can only be used with an encoder.

The "Safe Stop 2" (SS2) function is used to brake the motor safely along the OFF3
deceleration ramp (p1135) with subsequent transition to the SOS state (see "Safe Operating
Stop") after the delay time expires (p9352/p9552). The delay time set must allow the drive to
be able to brake down to a standstill within this time. The standstill tolerance (p9330/p9530)
may not be violated after this time.

After the braking operation is completed, the drives remain in the speed controlled mode with
the speed setpoint n = 0. The full torque is available.

AWARNING

The motor is supplied with current during SS2.

The default setpoint (e.g from the setpoint channel, or from a higher-level control system)
remains locked as long as SS2 is selected. The "Safe Acceleration Monitor" (SAM) function
is active during braking.

n i

Max. delay time
(p9352/p9552)

SS2 selection SOS selection

Figure 6-3  Sequence with SS2 selection
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6.6 Safe Stop 2 (S52)

Note

Activating SS2 may cause the higher-level control system (PLC, motion controller) that
enters the speed setpoint to interrupt the ramp function (by triggering OFF2).

The device behaves in this way as a result of a fault reaction triggered by the OFF3
activation. This fault reaction must be avoided with the appropriate
parameterization/configuration.

Responses
Speed limit violated (SAM):
e STOPA
e Safety message C01706/C30706
Standstill tolerance violated in p9330/p9530 (SOS):
e STOP B with subsequent STOP A
e Safety message C01707/C30707
System errors:
e STOP F with subsequent STOP A
e Safety message C01711/C30711

Overview of important parameters
® p1135[0...n] OFF3 ramp-down time
e p9301 S| Motion enable safety functions (Motor Module)
® p9501 S| Motion enable safety functions (Control Unit)
® p9330 S| Motion standstill tolerance (Motor Module)
® p9530 Sl Motion standstill tolerance (Control Unit)
® p9348 S| Motion SAM actual speed tolerance (Motor Module)
® p9548 S| Motion SAM actual speed tolerance (Control Unit)
® p9352 S| Motion transition time STOP C to SOS (Motor Module)
® p9552 S| Motion transition time STOP C to SOS (Control Unit)
e 19722.0...15 CO/BO: Sl Motion drive-integrated status signals
N STOP C corresponds to SS2.
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6.6 Safe Stop 2 (§52)

6.6.2 EPOS and Safe Stop 2

Since the function SS2 — with its setpoint-independent braking — is not suitable for use with
EPOS, the Safe Operating Stop (SOS) function can be used with delay.

On selection of SOS, the EPOS function "intermediate stop" (p2640 = 0) ensures that EPOS
is able to stop the drive in its tracks and then keep it under control in this state before the
SOS becomes active. The maximum necessary braking time (from p2573 and p2645 from
EPOS) must then be entered in the delay time for SLS/SOS (p9551/p9351) with a small
safety addition: This ensures that the drive is stationary before SOS becomes active.

Proceed as follows:

1. Connect the EPOS function "intermediate stop" (p2640) with the SOS selection
(p9720.3).

2. Enter the maximum necessary braking time from EPOS (depending on the values set in
p2573 and p2645) with a safety margin (approx. +5%) in the SOS delay time
(p9551/p9351).

Overview of important parameters
® p2573 EPOS maximum deceleration
® p2594 Cl: EPOS maximum speed externally limited
® p2640 Bl: EPOS intermediate stop (0 signal)
® p2645 Cl: EPOS direct setpoint input/MDI, deceleration override
® p9351 Sl Motion SLS changeover delay time (Motor Module)
® p9551 S| Motion SLS(SG) changeover delay time (Control Unit)
® 19720.0...10 CO/BO: Sl Motion drive-integrated control signals
e r9733[0...1] CO: S| Motion speed setpoint limit active
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6.7 Safe Operating Stop (SOS)

General description
This function serves for fail-safe monitoring of the standstill position of a drive.

Personnel can enter the protected machine areas without having to shut down the machine
as long as SOS is active.

Drive standstill is monitored by means of an SOS tolerance window (p9330 and p9530). The
function SOS comes into effect in the following cases:

o After SOS has been selected and after the delay time set in p9351/p9551 has elapsed.
The drive must be braked to standstill within this delay time (e.g. by the controller).

® As a consequence of SS2

® As a consequence of STOP C (corresponds to selection of SS2)
® As a consequence of STOP D (corresponds to selection of SOS)
® As a consequence of STOP E

When this function is activated, the current actual position is saved as a comparative
position, until SOS is deselected again. After SOS is deselected, there is no delay time and
the drive can be immediately traversed.

Standstill tolerance window

77 7
/ ¢ 7 ///
. n ivi sitive _ /
, Dir%%ﬁoneof Di?gction of |
, rotation rotation
7,
Xact< i \' >Xact
Position when Standstill tolerance
SOS is selected p9330 / p9530

Figure 6-4  Standstill tolerance

Note
The "Safe Operating Stop" (SOS) safety function can only be used with an encoder.
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6.7 Safe Operating Stop (SOS)

Functional features of "Safe Operating Stop" with encoder

® The drive remains in the closed-loop control mode.

® A programmable standstill tolerance window is available.

e STOP B is the stop response after the standstill tolerance window has been violated

Responses

Note

The size of the tolerance window should be slightly above the standard standstill
monitoring limit, otherwise the standard monitoring functions will no longer be effective.

Parameter r9731 displays the safe position accuracy (load side) that can be achieved as
a maximum, based on the acquisition of the actual value for the safe motion monitoring
functions.

Standstill tolerance violated in p9330/p9530:

STOP B with subsequent STOP A
Safety message C01707/C30707

System errors:

STOP F
Safety message C01711/C30711

Overview of important parameters
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p9301 Sl Motion enable safety functions (Motor Module)
p9501 Sl Motion enable safety functions (Control Unit)

p9330 S| Motion standstill tolerance (Motor Module)

p9530 S| Motion standstill tolerance (Control Unit)

p9351 Sl Motion SLS changeover delay time (Motor Module)
p9551 S| motion SLS changeover delay time (Control Unit)
r9722.0...15 CO/BO: S| Motion drive-integrated status signals

r9731 Sl Motion safe position accuracy
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6.8 Safely-Limited Speed (SLS)

6.8.1 Description

The Safely-Limited Speed (SLS) function is used to protect a drive against unintentionally
high speeds in both directions of rotation. This is achieved by monitoring the current drive
speed up to a speed limit.

Safely-Limited Speed prevents a parameter-assigned speed limit from being exceeded.
Limits must be specified based on results of the risk analysis. Up to 4 different SLS speed
limits can be parameterized using parameter p9331[0..3])/p9531[0..3]; it is possible to switch
between them even if the SLS is activated.

Note
Response to bus failure

e [f p9380 = p9580 + 0 and SLS is active, in the event of communication failure, the
parameterized ESR reaction is only realized if, as SLS response, a STOP with delayed
pulse cancellation when the bus fails has been parameterized (p9363[0...3] = p9563[0...3]
= 10).

e |fa STOP E as stop response from SLS has been triggered and ESR has been enabled,
in the event of communication failure the parameterized ESR response is realized.

6.8.2 Safely-Limited Speed with encoder

Features

e After switching to a lower Safely Limited Speed limit value (p9331/p9531), the actual
speed of the drive must have dropped below the new Safely Limited Speed limit within
the delay time (p9351/p9551). The existing Safely Limited Speed limit remains active
during the delay time. The lower Safely Limited Speed limit becomes active after the
delay time has elapsed.

e |f the actual speed of the drive is higher than the new Safely Limited Speed limit after the
delay time has elapsed, a message is created with the parameterized stop response.

® The stop response (STOP A, STOP B, STOP C, STOP D or STOP E) is parameterized
with p9363/p9563.

® The delay time is not active when switching over to a higher Safely Limited Speed limit —
the higher Safely Limited Speed limit (SLS limit value) is active immediately.
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6.8 Safely-Limited Speed (SLS)

® 4 parameterizable Safely Limited Speed limit values p9331[0...3] and p9531[0...3]

v

p9331[1]/p9531[1]
v2

p9331[0]/p9531[0]

v1

SLS2 selection

SLS1 selection

SLS2 is active

SLS1 is active

Braking time

p9351/p9551

Delay time

Figure 6-5  Delay time SLS speed limit value

® |n parameter p9533, enter the factor for the speed setpoint limitation as a percentage.
This factor is used to calculate the effective speed setpoint limit r9733. The effective
speed setpoint limit is dependent on the selected SLS limit value p9531[x]. In contrast to
the parameterization of SLS limit values, r9733 specifies limits on the motor side, not

limits on the load side.

® SLS limit value

— 19733[0] = p9531[x] * p9533; x = selected SLS limit value
— 19733[1] = - p9531[x] * p9533; x = selected SLS limit value

r9733 is used, for example, for transmitting values to a higher-level control, which can
then, for example, adjust traversing speeds to the SLS levels. r9733 is a part of the
Safety Info Channel (SIC).

Changeover of speed limits

98

The switchover is executed binary-coded via two F-Dls or two PROFIsafe control bits. The
speed selection status can be checked using parameters r9720.9/r9720.10. Parameters
r9722.9 and r9722.10 indicate the actual speed limit, bit r9722.4 must carry a "1" signal.

Table 6- 1 Changeover of speed limits:

F-DI for bit 1 (r9720.10) | F-DI for bit 0 (r9720.9) Speed limit SLS level
0 0 p9331[0]/p9531[0] 1
0 1 p9331[1]/p9531[1] 2
1 0 p9331[2]/p9531[2] 3
1 1 p9331[3]/p9531[3] 4

The changeover from a lower to a higher speed limit takes effect without any delay.

The changeover from a higher to a lower limit triggers a delay time which can be set at the
corresponding parameter (p9351 and p9551).

Safety Integrated
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6.8 Safely-Limited Speed (SLS)

/N\cauTion

The limit value SLS1 must be defined as the lowest Safely Limited Speed limit.

The limit value SLS level 1 is activated after two unacknowledged discrepancy errors; in
other words, 0 is the failsafe value for the 2 F-Dls for speed level selection. The SLS limit
values must, therefore, always be parameterized in ascending order, i.e. with limit value
SLS1 as the lowest speed and limit value SLS4 as the highest speed.

Responses
Speed limit value exceeded:
® Configured subsequent stop STOP A/ B/ C /D by means of p9363/p9563
® Safety message C01714/C30714
System errors:
e STOPF
e Safety messages C01711/C30711

6.8.3 Safely-Limited Speed without encoder

Features

Two different encoderless Safely Limited Speed monitoring functions can be set with the
parameters p9506/p9306:

® p9506/p9306 = 3: Safe monitoring of acceleration (SAM)/delay time

The function is identical to "Safely Limited Speed with encoder", which was described in
the previous section.

® p9506/p9306 = 1: Safe braking ramp monitoring (SBR)

Monitoring the braking ramp

e [f SLS is selected or if you change over to a lower SLS level, the motor is decelerated
from the actual speed to the selected SLS limit value using the OFF3 ramp. The set
speed limit must be configured simultaneously to the stated SLS activities. This is done in
a higher-level control that evaluates the safety information channel, for example, or by
wiring r9733[0/1] to the speed limits of the ramp-function generator (p1051/p1052).

® Parameters p9582/p9382 are used to set the delay time for the braking ramp monitoring.
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® Monitoring of the brake ramp is activated once the delay time in p9582/p9382 has
elapsed. If the actual speed of the drive violates the brake ramp (SBR) during braking,
Safety messages C01706 and C30706 are output and the drive is stopped with STOP A.

® The newly selected SLS limit value is also used as the new limit speed, if either
— the SBR ramp has reached the new SLS limit value, or

— the actual speed of the drive was below the new SLS limit value for at least the time
set in p9582/p9382.

® The function "Safely Limited Speed without encoder" then monitors whether the actual
speed remains below the newly selected SLS limit value.

® The parameterized stop response (p9563[x]) is triggered if the SLS limit value is
exceeded.
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6.8 Safely-Limited Speed (SLS)

Configuring the limits

® The speed limits for Safely Limited Speed without encoder are configured in exactly the
same way as described for Safely Limited Speed with encoder.

® Only STOP A and STOP B may be configured as stop responses for "Safely Limited
Speed" (SLS) without encoder.

Signal profile for SLS without encoder

Select SLS Select SLS limit 4 Select SLS limit 3 Select SLS Sfat‘_’{
A User-action: User-action: User-action: User-action: velocity
g - set SLS - set SLS limit 4 - set SLS limit 3 - deselect SLS Rotor
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Figure 6-6  Signal profile for SLS without encoder
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Restart after OFF2

If the drive has been switched off using OFF2/STO, the following steps need to be carried
out before a restart can be performed:

1

. case

State after switching on: SLS selected, STO selected, OFF2 active
Deselect STO

The drive enable must be given within 5 seconds via a positive edge at OFF1, otherwise
STO is reactivated.

. case

Situation: Run until standstill with SLS selected, then OFF2 activated
Select STO
Deselect STO

STO activated internally via OFF2: This activation must be undone by
selection/deselection.

The drive enable must be given within 5 seconds via a positive edge at OFF1, otherwise
STO is reactivated.

. case

Situation: Run until standstill with SLS selected, then OFF2 activated
Deselect SLS
Select SLS

STO activated internally via OFF2: This activation must be undone by
selecting/deselecting SLS.

After this the drive enable must be given by a positive edge at OFF1.

. case

Situation: All Safety Integrated Functions are deselected

After this the drive enable must be given by a positive edge at OFF1.

Note

In the 4th case, the motor is not reliably started.

Parameterization of the braking ramp without encoder

p9581/p9381 and p9583/p9383 are used to set the steepness of the brake ramp.
Parameters p9581/p9381 define the reference velocity, parameters p9583/p9383 the ramp-
down time from the reference velocity down to a value of 0. Parameters p9582/p9382 are
used to set the time, which after changing over to a lower SLS velocity stage, elapses until
the braking ramp monitoring becomes effective.
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6.8 Safely-Limited Speed (SLS)

6.8.4 Overview of important parameters

Safety Integrated

p9301.0 SI Motion enable safety functions (Motor Module)
p9501.0 S| Motion enable safety functions (Control Unit)

p9306 SI Motion function specification (Motor Module)

p9506 SI Motion function specification (Control Unit)
p9331[0...3] SI Motion SLS limits (Motor Module)

p9531[0...3] Sl Motion SLS (SG) limits (Control Unit)

p9351 S| Motion SLS changeover delay time (Motor Module)
p9551 S| Motion SLS(SG) switchover delay time (Control Unit)
p9381 S| Motion braking ramp reference value (Motor Module)
p9581 S| Motion braking ramp reference value (Control Unit)
p9382 S| Motion brake ramp delay time (Motor Module)

p9582 S| Motion brake ramp delay time (Control Unit)

p9383 S| Motion brake ramp monitoring time (Motor Module)
p9583 S| Motion brake ramp monitoring time (Control Unit)
p9601 Sl enable, functions integrated in the drive (Control Unit)
p9801 Sl enable, functions integrated in the drive (Motor Module)
r9714[0...1] Sl Motion diagnostics speed

r9720.0...10 CO/BO: S| Motion drive-integrated control signals
r9721.0...15 CO/BO: S| motion, status signals

r9722.0...15 CO/BO: Sl Motion drive-integrated status signals
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6.8.5

EPOS and Safely-Limited Speed

If safe speed monitoring (SLS) is also to be used at the same time as the EPOS positioning
function , EPOS must be informed of the activated speed monitoring limit. Otherwise the
speed monitoring limit can be violated by the EPOS setpoint input. As a result of the SLS
monitoring, this violation results in the drive being stopped, and therefore the planned motion
sequence is exited. Here, the relevant safety faults are output first, and the sequential faults
created by EPOS are only output afterwards.

With its parameter r9733, the SLS function provides a setpoint limit value which, when taken
into account, prevents the SLS limit value from being violated.

This means that the setpoint limit value in r9733 must therefore be transferred to the input for
the maximum setpoint speed/velocity of EPOS (p2594), to prevent an SLS limit value
violation as a result of the EPOS setpoint input. In this regard, you must set the delay time
for SLS/SOS (p9551/p9351) so that the SLS only becomes active after the maximum
required time for the speed to be reduced below the SLS limit. This required braking time is
determined by the current speed, the jerk limit in p2574 and the maximum delay in p2573.

Overview of important parameters
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® p2573 EPOS maximum deceleration

® p2574 EPOS jerk limit

® p2593 Cl: EPOS LU/revolution LU/mm

® p2594 Cl: EPOS maximum speed externally limited

® p9351 Sl Motion SLS changeover delay time (Motor Module)

® p9551 S| Motion SLS(SG) changeover delay time (Control Unit)
e r9733(0.1) CO: Sl Motion speed setpoint limit active
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6.9 Safe Speed Monitor (SSM)

6.9.1 Description

The "Safe Speed Monitor" (SSM) function provides a reliable method for detecting when a
speed limit has been fallen below (p9346/p9546) in both directions of rotation, e.g. for zero
speed detection. A fail-safe output signal is available for further processing.

The function is activated automatically as soon as the Safety Integrated Extended Functions
are enabled with parameters p9301.0 = p9501.0 = 1 and p9346/p9546 > 0. SSM is
deactivated if p9346/p9546 = 0.

NOTICE

If 0 is entered for p9368/p9568, the speed limit of the SSM function (p9346/p9546) is
simultaneously the minimum limit for the safe acceleration monitoring function (SAM).

In this case, the effects of safe acceleration monitoring are therefore restricted if a relatively
high SSM/SAM speed limit is set when using the SS1 and SS2 stop functions.

AWARN ING

A STOP F is indicated by Safety message C01711/C30711. STOP F only results in the
follow-up response STOP B / STOP A if one of the Safety functions is active. If only the
SSM function is active, a STOP F cross-checking error does not result ina STOP B /
STOP A follow-up response.

SSM is only valid as an active monitoring function if p9301.0 = p9501.0 # 0 and
p9346 = p9546 + 0 and "Hysteresis and filtering" is parameterized
(p9301.16 = p9501.16 = 1).

If "Hysteresis and filtering" is not parameterized (p9301.16 = p9501.16 = 0), SSM is not
valid as an active monitoring function, but instead only provides information.

Note
You must carefully observe the following rules when parameterizing hysteresis and actual
value synchronization:

o If "SSM hysteresis" has been enabled (p9501.16 = p9301.16 = 1), you must set
parameters p9546/p9346 and p9547/p9347 according to this rule:

p9546 = 2 x p9547
p9346 = 2 x p9347

e If "Actual value synchronization" has been enabled (p9501.3 = p9301.3 = 1), you must
also observe this rule:

p9549 < p9547
p9349 < p9347
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Features
e Safe monitoring of the speed limit specified in p9346 and p9546
® Parameterizable hysteresis via p9347 and p9547
e Variable PT1 filter via p9345 and p9545
e Fail-safe output signal
® No stop response
6.9.2 Safe Speed Monitor with encoder
Features

The parameter p9346/p9546 "SI Motion SSM (SGA n < nx) speed limit n_x" is used to set
the speed limit. The abbreviation "SGA n < nx" indicates the safety function required for
determining an output signal when a parameterizable velocity limit has been undershot.

If the speed limit for the "Safe Speed Monitor" feedback signal (n < n_x) is fallen below, the
signal "Safe Speed Monitor feedback signal active" (SGA n < n_x) is set. When the set
threshold value has been fallen below, the "Safe Acceleration Monitor" (SAM) function is
also deactivated (see p9368/p9568). If p9368 = p9568 = 0, then p9346/p9546 (SSM
feedback signal) is also used as a minimum threshold for the SAM monitoring.

The hysteresis for the SSM output signal is set in parameter p9347/p9547 "SI Motion SSM
Speed Hysteresis n_x". The SSM output signal can either assume the state "1" or "0" -
depending from which direction the band is reached.

If the maximum permissible speed tolerance is exceeded (i.e. one channel displays a speed
less than p9546 - p9547, while the other channel displays a speed greater than p9546), a
STOP F is issued. Parameters p9347/p9547 are used to define the maximum tolerance of
the speed actual values between the two channels.

The output signal for SSM is smoothed by setting a filter time with a PT1 filter
(p9345/p9545).

During safe motion monitoring, the "hysteresis and filtering" functions can be activated or
deactivated together using the enable bit p9301.16/p9501.16. In the default setting, the
functions are deactivated (p9301.16/p9501.16 = 0).

NOTICE
Exception

If the "hysteresis and filtering" function is enabled, the SSM function is evaluated as an
active monitoring function and, after a STOP F, also results in a follow-up response STOP
B/STOP A.

Safety Integrated
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The following diagram shows the characteristic of the safe output signal SSM when the
hysteresis is active:

n A

Ny (p9546) /\ ¢

. Hysteresis (p9547)

" Hysteresis (p9547)

f

-ny (-p9546)

SSM output signal A

1

0 >

Figure 6-7  Safe output signal for SSM with hysteresis

Note

When "hysteresis and filtering" is activated with output signal SSM, a time-delayed SSM
feedback signal occurs for the axes. This is a characteristic of the filter.

6.9.3 Safe Speed Monitor without encoder

Features

Set p9306 = p9506 = 1 or p9306 = p9506 = 3 (factory setting = 0) to activate Safety
Integrated functions without encoder. You can also make this setting by selecting "Without
encoder" in the Safety screen in STARTER.

Without an encoder, the "Safe Speed Monitor" essentially functions exactly the same as
described in the previous section under "Safe Speed Monitor with encoder".

Safety Integrated
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Differences between Safe Speed Monitor with and without encoder

® For Safe Speed Monitor without encoder, after pulse suppression the drive is unable to
determine the current speed. Two responses can be selected for this operating state with
parameters p9309.0/p9509.0:

— p9309.0 = p9509.0 = 1
The status signal (SSM feedback signal) shows "0" (factory setting).
— p9309.0 =p9509.0 =0

The status signal (SSM feedback signal) is frozen. "Safe Torque Off" (STO) is
selected internally.

e Due to the less precise speed recognition, "Safe Speed Monitor without encoder" requires
a larger hysteresis (p9347/p9547) and, where applicable, a filter time (p9345/p9545)
compared with the function with encoder.

Sequence diagram

108

The diagram below shows the signal characteristic for the case p9309.0/p9509.0 = 0.

The speed remains below the limits of p9346/p9546 throughout the entire monitoring time.
The SSM feedback signal therefore remains r9722.15 = 1. After the command for pulse
cancellation, the motor speed drops. The internal STO is set when the speed drops below
the zero speed detection level.

The SSM monitoring remains active. The motor speed remains below the speed limit
p9346/p9546. The SSM feedback signal remains at 1, i.e. it is frozen.

To restart the motor safely, the STO must be selected manually and deselected once more.
After STO has been deselected, a 5 second time window is opened. If the pulses are
enabled within this time window, the motor starts. If the pulses are not enabled within this 5
second time window, the internal STO becomes active once more.

Safety Integrated
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Figure 6-8  Safe Speed Monitor without encoder (p9309.0 = p9509.0 = 0)

If p9309.0 = p9509.0 = 1, SSM monitoring is exited after pulse suppression. The feedback
signal p9722.15 drops to 0. The SSM monitoring is only reactivated following a new pulse
enable.

Safety Integrated
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6.9.4 Safe Speed Monitor restart

Restart after pulse cancellation for p9309.0/p9509.0 = 0

If the drive pulses have been suppressed using OFF1/OFF21/STO, the following steps must
be carried out for a restart:

1. case

State after switching on:

— SSM active

— STO selected

— Pulse suppression active
Deselect STO

A drive enable using a positive edge at OFF1 must occur within 5 seconds after
deselection of STO, otherwise the drive will return to the STO state.

. case

Situation:

— SSM active

— Motor turning

— OFF1 triggered, pulses are suppressed
Select STO

Deselect STO

STO activated internally via pulse suppression: This activation must be undone by
selection/deselection.

A drive enable using a positive edge at OFF1 must occur within 5 seconds after
deselection of STO, otherwise the drive will return to the STO state.

6.9.5 Overview of function diagrams and parameters

Function diagrams

110

2840 - Safety Integrated - Extended Functions, control word and status word

2855 — Safety Integrated - Extended Functions, TM54F control interface

2857 — Safety Integrated - Extended Functions, TM54F assignment (F-DO O ... F-DO 3)
2860 — Extended Functions, SSM (Safe Speed Monitor)

Safety Integrated
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Overview of important parameters

Safety Integrated

p9301 S| Motion enable safety functions (Motor Module)

p9501 SI Motion enable safety functions (Control Unit)

p9306 S| Motion function specification (Motor Module)

p9506 S| Motion function specification (Control Unit)

p9309 S| Motion behavior during pulse suppression (Motor Module)
p9509 SI Motion behavior during pulse suppression (Control Unit)
p9345 S| Motion SSM (SGA n < nx) filter time (Motor Module)
p9545 S| Motion SSM (SGA n < nx) filter time (Control Unit)
p9346 S| Motion SSM velocity limit (Motor Module)

p9546 S| Motion SSM (SGA n < nx) velocity limit n_x (CU)

p9347 S| Motion velocity hysteresis (crosswise) (Motor Module)
p9547 S| Motion velocity hysteresis (crosswise) (Control Unit)
r9722.0...15 CO/BO: Sl Motion drive-integrated status signals
p10042 S| F-DO 0 signal sources

p10043 S| F-DO 1 signal sources

p10044 Sl F-DO 2 signal sources

p10045 Sl F-DO 3 signal sources
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6.10

Safe Acceleration Monitor (SAM)

Safe Acceleration Monitor with encoder

Features

112

The "Safe Acceleration Monitor" (SAM) function is used to safely monitor drive acceleration.
This function is part of the SS1 (time and acceleration-controlled) and SS2 or STOP B and
STOP C Safety functions.

Note

For reasons of clarity, the abbreviation for this function has been changed from "SBR" to
"SAM". This change has no impact on the functionality.

SAM recognizes if the drive accelerates beyond the tolerance defined in p9348/p9548 during
the ramp down phase, and generates a STOP A. The monitoring function is activated for
SS1 (or STOP B) and SS2 (or STOP C) and is deactivated after the speed drops below the
value set in p9368/p9568.

NOTICE

If 0 is entered for p9368/p9568, the speed limit of the SSM function (p9346/p9546) is also
used as minimum limit for the SAM function (safe acceleration monitoring). The SAM is
deactivated if the speed is below this limit.

This means the effect of safe acceleration monitoring is greatly restricted if a relatively high

SSM/SAM speed limit is set when using the SS1 and SS2 stop functions.

Note

SAM is part of the Safety Integrated Extended Functions SS1 and SS2. SAM cannot be
selected individually.

n A Stopping limit value
Speed ggAggerlng of SS1/3S2

tolerance
p9348/ ¢ n c A//
p9548 act Y :

X
(4 .(f N >
T ) T <_>| ) t

Y
Monitoring cycle
p9300/p9500

Figure 6-9  Characteristics of the shutdown limit for SAM
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Calculating the SAM tolerance of the ACTUAL speed:
® The following applies when parameterizing the SAM tolerance:

— The maximum speed increase after SS1/ SS2 is triggered is derived from the
effective acceleration (a) and the duration of the acceleration phase.

— The duration of the acceleration phase is equivalent to one monitoring clock cycle
(p9300/p9500) MC (delay from detecting an SS1 / SS2 until nset = 0).

e SAM tolerance
Actual speed SAM = acceleration * acceleration duration
The following setup rule is derived thereof:

— For linear axes:
SAM tolerance [mm/min] = a [m/s?] * MC [s] * 1000 [mm/m] * 60 [s/min]

— For rotary axes:
SAM tolerance [rpm] = a [rev/s?] * MC [s] * 60 [s/min]

® Recommendation:
The SAM tolerance value entered should be approx. 20 % higher than the calculated
value.

Responses
Speed limit violated (SAM):
e STOPA
e Safety message C01706/C30706
System errors:
STOP F with subsequent STOP A
Safety message C01711/C30711

Features

Element of the SS1 (time and acceleration controlled) and SS2 functions

Parameterizable minimum shutdown speed to be monitored (p9368/p9568)

Overview of important parameters
® p9346 S| Motion SSM velocity limit (Motor Module)
® p9546 S| Motion SSM (SGA n < nx) velocity limit n_x (CU)
® p9348 S| Motion SAM actual speed tolerance (Motor Module)
® p9548 S| Motion SAM actual speed tolerance (Control Unit)
® p9368 S| Motion SAM speed limit (Motor Module)
® p9568 S| Motion SAM speed limit (CU)

Safety Integrated
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6.11

Safe Brake Ramp (SBR)

General description

Features

114

The Safe Brake Ramp (SBR) function provides a safe method for monitoring the brake ramp.
The Safe Brake Ramp function is used to monitor braking when using the "SS1 without
encoder" and "SLS without encoder" functions.

The motor is immediately decelerated with the OFF3 ramp as soon as SS1 or SLS is
triggered (if setpoint speed limitation is used). Monitoring of the brake ramp is activated once
the delay time in p9582/p9382 has elapsed. Monitoring ensures that the motor does not
exceed the set brake ramp (SBR) when braking. Deactivation of the safe monitoring of the
brake ramp occurs according to the following basic conditions:

e for SS1:
— as soon as the speed drops below the shutdown speed (p9560/p9360).
e for SLS:
— as soon as the set brake ramp has reached the new SLS level
or

— as soon as the actual speed has fallen below the newly selected SLS level and has
remained there for the time parameterized in p9582/p9382.

Additional specific functions (e.g. STO, new SLS speed limit, etc.) are activated at this point,
depending on the Safety Integrated Function used.

Safety Integrated
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Figure 6-10 Safe Brake Ramp without encoder (for SLS)

Parameterization of the brake ramp

p9581/p9381 (S| Motion braking ramp reference value) and p9583/p9383 (S| Motion brake
ramp monitoring time) are used to set the gradient of the brake ramp. Parameters
p9581/p9381 determine the reference speed and parameters p9583/p9383 define the ramp-
down time. Parameters p9582/p9382 are used to set the time which elapses after the
triggering of SS1, selection of SLS or SLS level changeover and the start of brake ramp
monitoring.
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Responses to brake ramp violations (SBR)
e Safety messages C01706 and C30706 (S| Motion: SAM/SBR limit exceeded)

Features

Drive stopped with STOP A

Part of the "SS1 without encoder" and "SLS without encoder" functions.

Parameterizable safe brake ramp

Overview of important parameters

116

p9360 S| Motion pulse cancelation shutdown speed (Motor Module)
p9560 S| Motion pulse cancelation shutdown speed (Control Unit)
p9381 S| Motion braking ramp reference value (Motor Module)
p9581 S| Motion braking ramp reference value (Control Unit)
p9382 S| Motion brake ramp delay time (Motor Module)

p9582 S| Motion brake ramp delay time (Control Unit)

p9383 S| Motion brake ramp monitoring time (Motor Module)

p9583 S| Motion brake ramp monitoring time (Control Unit)

Safety Integrated
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6.12.1

6. 12 Safe Direction (SDI)

Safe Direction (SDI)

Note
Response to bus failure

If p9380 = p9580 * 0 and SDlI is active, in the event of communication failure, the
parameterized ESR reaction is only realized if, as SDI response, a STOP with delayed
pulse cancellation when the bus fails has been parameterized (p9366[0...3] = p9566[0...3]
= 10).

If a STOP E as stop response from SDI has been triggered and ESR has been enabled,
in the event of communication failure the parameterized ESR response is realized.

Safe Direction with encoder

The "Safe Direction" function (SDI) allows the safety-related monitoring of the drive direction
of motion. If this function is activated, the drive can only move in the enabled, safe direction.

Principle of operation

After SDI has been selected via terminals or PROFIsafe, the delay time p9365/p9565 is
started. During this period, you have the option of ensuring that the drive is moving in the
enabled (safe) direction. After this, the Safe Direction function is active and the direction of
motion is monitored. If the drive now moves in the non-safe direction, messages
C01716/C30716 are output and the stop response defined in p9366/p9566 is initiated.

Features

Safety Integrated

Parameters r9720.12/r9720.13 display whether the SDI function is selected.
Parameters rr9722.12/r9722.13 display whether the SDI function is active.

Parameters p9364/p9564 are used to set the tolerance within which a movement in a
non-enabled (non-safe) direction is tolerated.

Parameters p9366/p9566 define the stop response in the case of a fault.

For control via TM54F, parameters p10030/p10130 are used to define the terminals for
SDI.

Parameters p10042 to p10045 are used to define whether the SDI status in the F-DO
status display of the TM54F is taken into account.

If "SDI positive" is selected, the following value is set automatically:
— r9733[1] = 0 (setpoint limitation negative)
If "SDI "negative" is selected, the following value is set automatically:

— r9733[0] = 0 (setpoint limitation positive)

Function Manual, 03/2011, ASE03264275A 117



Safety Integrated Extended Functions

6. 12 Safe Direction (SDI)

® The absolute setpoint speed limit is available in r9733[2].
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Figure 6-11  SDI with encoder

Enabling the Safe Direction function
The "Safe Direction" function is enabled using the following parameters:
® p9501.17 =1, p9301.17 =1

6.12.2 Safe Direction without encoder

Function

Set p9306 = p9506 = 1 or p9506 = p9306 = 3 (factory setting = 0) to activate Safety
Integrated functions without encoder. You can also make this setting by selecting "Without
encoder" on the STARTER Safety screen.

Safety Integrated
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Differences between Safe Direction with encoder and Safe Direction without encoder

For Safe Direction without encoder, after pulse suppression the drive is unable to
determine the actual speed. For this operating state, the behavior is defined using
parameters p9309.8/p9509.8:

— p9309.8 = p9509.8 = 1
The status signal displays "inactive".
— p9309.8 = p9509.8 =0
The status signal displays "active", and the drive assumes the STO state.

Due to the less precise position recognition, "Safe Direction without encoder" requires a
higher tolerance (p9364/p9564) compared with the function with encoder.

Note

Changing the direction of rotation using parameter p1820 or p1821 is not recognized by
"SDI without encoder". For this reason, the limitation of SDI from r9733 no longer
functions.

6.12.3 Restart after pulse suppression

If the drive has been switched off using OFF2/STO, the following steps need to be carried
out before a restart can be performed:

1

Safety Integrated

. case

State after switching on: SDI selected, STO selected, OFF2 active
Deselect STO

The drive enable must be given within 5 seconds via a positive edge at OFF1, otherwise
STO is reactivated.

. case

Situation: Traversing to standstill with SDI selected, then OFF2 activated
Select STO
Deselect STO

STO activated internally via OFF2: This activation must be undone by
selection/deselection.

The drive enable must be given within 5 seconds via a positive edge at OFF1, otherwise
STO is reactivated.

. case

Situation: Traversing to standstill with SDI selected, then OFF2 activated
Deselect SDI
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e Select SDI
STO activated internally via OFF2: This activation must be undone by deselecting SDI.

After this the drive enable must be given by a positive edge at OFF1.
4. case
e Situation: All Safety Integrated functions are deselected

e After this the drive enable must be given by a positive edge at OFF1.

Note

In the 4th case, the motor is not reliably started.

6.12.4 Overview of function diagrams and parameters

Function diagrams
e 2840 - Extended Functions, control word and status word
e 2855 — Extended Functions, TM54F control interface
® 2856 — Extended Functions, TM54F Safe State selection
e 2857 — Extended Functions, TM54F assignment (F-DO 0 ... F-DO 3)
e 2861 — Safety Integrated - Extended Functions, SDI (Safe Direction)

Safety Integrated
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Overview of important parameters

Safety Integrated

p1820[0...n] Reverse output phase sequence

p1821[0...n] Direction of rotation

p9301.17 Sl Motion enable safety functions (Motor Module) Enable SDI
p9306 S| Motion function specification (Motor Module)

p9309 S| Motion behavior during pulse suppression (Motor Module)
p9364 S| Motion SDI tolerance (Motor Module)

p9365 S| Motion SDI delay time (Motor Module)

p9366 S| Motion SDI stop response (Motor Module)

p9501.17 Sl Motion enable safety functions (Control Unit): Enable SDI
p9506 SI Motion function specification (Control Unit)

p9509 S| Motion behavior during pulse suppression (Control Unit)
p9564 S| Motion SDI tolerance (Control Unit)

p9565 S| Motion SDI delay time (Control Unit)

p9566 S| Motion SDI stop response (Control Unit)

r9720 CO/BO: S| Motion drive-integrated control signals

r9722 CO/BO: S| Motion drive-integrated status signals

r9733[0...2] CO: Sl Motion speed setpoint limit active

p10002 Sl discrepancy monitoring time

p10017 Sl digital inputs, debounce time

p10030][0...3] Sl SDI positive input terminal

p10031[0...3] SI SDI negative input terminal

p10039[0...3] SI Safe State signal selection

p10042[0...5] SI F-DO 0 signal sources

p10043[0...5] SI F-DO 1 signal sources

p10044[0...5] SI F-DO 2 signal sources

p10045[0...5] SI F-DO 3 signal sources
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6.13

6.13.1

Table 6- 2

Safety faults

Stop responses

Faults with Safety Integrated Extended Functions and violation of limits can trigger the

following stop responses:

Overview of stop responses

Stop response

Trig_gered

Action

Effect

STOP A" For all acknowledgeable safety | Immediate pulse cancelation Drive coasts down
faults with pulse disable.
- Configured subsequent stop
p9363/p9563 for SLS/SDI.
STOP B" Examples: Immediate input of speed STOP B with subsequent STOP
- standstill tolerance violated in | setpoint = 0 and start of timer ts. | A.
p9330/p9530 (SOS). Once tB Or Nact < Nshutdown, STOP The drive is braked along the
A'is triggered. OFF3 ramp and then switches to
- Configured subsequent stop STOP A.
p9363/p9563 for SLS/SDI.
- Subsequent response of
STOP F.
STOP CY Configurable subsequent stop | Immediate input of speed The drive decelerates along the
p9363/p9563 with SLS. setpoint = 0 and start of timer tc. | OFF3 ramp; SOS is then selected.
Once tc has elapsed, SOS is
selected.
STOP DY Configured subsequent stop Timer tp starts. The drive must be decelerated by
p9363/p9563 for SLS/SDI. No drive-integrated response. the higher-level control (within the
i !
SOS is activated on expiration of drive group)! ]
to. Once tb has elapsed, SOS is
selected.
An automatic response is only
triggered if the standstill tolerance
window is violated in SOS.
STOP E" - Configured subsequent stop | SOS triggered after Controlling the drive-integrated
p9563/p9363 for SLS p9554/p9354 expires ESR functionality
- Configured subsequent stop
p9566/p9366 for SDI
STOP F" If a fault occurs in the Timer tr1 (Basic Functions) or tr2 | If a safety function (SOS, SLS)

crosswise data comparison.
Follow-up response STOP B.

(Extended Functions)
No drive response

has been selected or if SSM with
hysteresis has been enabled,
transition to STOP A after tr1
(Basic Functions) has elapsed or
STOP B after tr2 (Extended
Functions) has elapsed.

1) See also the following note "delayed pulse cancellation when the bus fails".
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Note
Delayed pulse cancellation when the bus fails

For SLS and SDI, the stop responses are also available with delayed pulse cancellation
when the bus fails (in order that the drive does not immediately respond with pulse
cancellation when a communication error occurs):

e [f p9380 = p9580 # 0 and SLS is active, in the event of communication failure, the
parameterized ESR reaction is only realized if, as SLS response, a STOP with delayed
pulse cancellation when the bus fails has been parameterized (p9363[0...3] = p9563[0...3]
= 10).

e [f p9380 = p9580 + 0 and SDI is active, in the event of communication failure, the
parameterized ESR reaction is only realized if, as SDI response, a STOP with delayed
pulse cancellation when the bus fails has been parameterized (p9366[0...3] = p9566[0...3]
= 10).

The delay time (p9380/p9580) must not exceed 800 ms.

Note

A delay time between STOP F and STOP B should only be set if an additional response is
initiated during this time when the "Internal Event" (r9722.7) message signal is evaluated.

Further, when using the delay time, a monitoring function should always be selected (e.g.
SLS with a high limit speed) or the hysteresis of SSM should be configured.

When hysteresis is activated for SSM, then this should be considered to be an activated
monitoring function.

On delays at stop response transitions

* ts: p9356/p9556
* tc: p9352/p9552
* tp. p9353/p9553
® tr1: p9658/p9858
® tr2: p9355/p9555
® Nshutdown: P9360/p9560

Description of faults and alarms

Safety Integrated

Note

The faults and alarms for SINAMICS Safety Integrated functions are described in SINAMICS
Parameter Manual
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6.13.2 Stop response priorities

Table 6- 3 Stop response priorities

Priority classes

Stop response

Highest priority

STOP A

STOP B

STOP C

STOP D

STOP E

Lowest priority

STOP F

Priorities of stop responses and Extended Functions

Table 6- 4 Priorities of stop responses and Extended Functions

Highest priority | ... Lowest priority

Stop response / STOP A STOP B STOP C STOP D STOP E STOP F
Extended Function
Highest |STO STOP A/STO | STO STO STO STO STO
priority

SS1 STOP A STOP B/SS1 |SS1 SS1 SS1 SS1

SS2 STOP A STOP B STOP C/SS2 |SS2 SS2 SS2/STOP B2
- SOS STOP A" STOP B" SOSs SOSs SOs STOP B2
Lowest SLS STOP A3) STOP B? STOP C4 STOP D4 STOP E STOP B2
priority

1) The SOS monitoring function remains active, although the fault response in the event of a fault can no longer be

triggered because it is already present.

2) STOP B is the subsequent stop of STOP F, which is activated after a parameterizable time. STOP F alone does not

have any effect; the active safety function is still present.

3) The SLS monitoring function remains active, although the fault response in the event of a fault can no longer be triggered

because it is already present.

4) SLS remains active during the braking phase, after which the system switches to SOS.

The table above specifies which stop response/safety function is set if a STOP is triggered
when a safety function is active. The STOPs are arranged here from left to right in
descending order of priority (STOP A-F).

No overall priority is assigned in the individual safety functions. SOS remains active, for
example, even if STO is requested. The safety functions that cause the drive to decelerate
(STO, SS1, SS2) are specified from top to bottom in descending order of priority.

If a field contains two entries, the stop responses and safety functions have the same

priority. Explanation:

e STOP A corresponds to STO

e STOP B corresponds to SS1
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e STOP C corresponds to SS2

o \When the SS2 function is active, STOP F results in subsequent stop B. SS2 remains
active.

Examples for illustrating the information in the table

1. Safety function SS1 has just been selected. STOP A remains active; a STOP B operation
that is currently in progress is not interrupted by this. Any remaining STOP C-F would be
replaced by SS1.

2. The SLS safety function is selected. This selection does not modify the function of STOP
A-D. A STOP F now triggers a STOP B because a safety function has been activated.

3. Stop response STOP C is selected. If the STO or SS1 safety functions are active, this
does not have any effect. If SS2 is active, this braking ramp is retained. If SOS is active,
SOS remains effective, which is also the end status of STOP C. When SLS is selected,
the drive is decelerated with STOP C.

6.13.3 Acknowledging the safety faults

NOTICE

Safety faults can also be acknowledged (as is the case for all other faults) by switching the
drive unit off and then on again (POWER ON).

If this action has not eliminated the fault cause, the fault is displayed again immediately
after power up.

Acknowledgement via TM54F

Parameter p10006 "SI acknowledgement internal event input terminal” allows faults to be
acknowledged in the safety drives and with an F-DI of the TM54F itself.

The "safe fault acknowledgement" mechanism functions as follows:

The safe input F-DI on the TM54F parameterized with the function p10006 "Safety Integrated
acknowledgement internal event input terminal" is controlled. This allows faults that occurred
in the firmware installed in the Control Unit or Motor Module to be acknowledged by means
of a safe input signal. The falling edge at this input resets the status "Internal Event" in the
drives and, if used, in the TM54F.

To prevent safety faults from being acknowledged unintentionally or incorrectly, the signal at
the TM54F F DI terminal, which was parameterized for acknowledgement purposes, must be
at level "0" in the idle state. To trigger the acknowledgement (falling edge at F DI), the signal
must first be set to "1" and then back to "0". If the required idle state is not reached, an alarm
is output.

After "safe fault acknowledgement", an acknowledgement must be issued on the Control
Unit in order to:

® Delete the TM54F faults from the fault buffer
® Reset the queued, red Ready LED on the TM54F.

Safety Integrated
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Acknowledgement via PROFIsafe

The higher-level controller sets the signal "Internal Event ACK" via the PROFIsafe telegram
(STW bit 7) separately for each drive object. A falling edge in this signal resets the status
"Internal Event" in the relevant drive, which acknowledges the fault.

Faults in the drive objects (DOs) cannot be acknowledged by the higher-level control in the
line-up but must instead be acknowledged separately for each individual drive object.

Extended acknowledgment

126

If STO is selected/deselected (and p9307.0/p9507.0 = 1 are set), then the safety messages
are also canceled automatically.

If, in addition to the "Basic Functions via terminals", the "Extended Functions" are also
enabled, then acknowledgment is also possible by selecting/deselecting STO via PROFIsafe
or TM54F. Selecting/deselecting STO via terminals can, in this case however, only
acknowledge messages of stop responses STOP C, STOP D, STOP E and STOP F, as long
as STOP A or STOP B have not been triggered.
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Message buffer

.
Message 1
Message 2
Current
message 3 .
case .
L]
\Message 8
R/Iessage 1
1st acknow- |Message 2
ledged
message *
case .
L]
. \Message 8
L]
° e
Message 1
7th acknow-
ledged Message 2
message .
case .
[oldest] .
\Message 8

In addition to the fault buffer for F... faults and the alarm buffer for A... alarms, (see
SINAMICS S120 Commissioning Manual) a special message buffer for C... safety messages
is available for Safety Integrated Extended Functions...

The fault messages for the Safety Integrated Basic Functions are stored in the standard fault
buffer (see chapter "Buffer for faults and alarms" in the SINAMICS Commissioning Manual).

Note

Set parameter p3117 = 1 if you need to save both the Basic Functions messages and the
Extended Functions messages in the standard fault buffer.

The message buffer for safety messages is similar to the fault buffer for fault messages. The
message buffer comprises the message code, message value, and message time (received,
resolved), the component number for identifying the affected SINAMICS component and
diagnostics attributes. The following diagram shows how the message buffer is structured:

Message time Message value Message time Message time Message time Sl Kom- Sl Diagnose-
Message "received" Message for "received" "resolved" "resolved” ponenten-  attribute
code in ms value float values in days in ms in days nummer
r9747[0] r9748J[0] r9749[0] r9753[0] r9754[0] r9755[0] | r9756[0] r9745[0] | r9750[0]
r9747[1] r9748[1] r9749[1] r9753[1] r9754[1] r9755[1] r9756[1] r9745[1] r9750[1]
L)
r9747(7] r9748[7] r9749[7] r9753[7] r9754[7] | r9755[7] | r9756[7] r9745[7] | r9750[7]
ro747(8] r9748[8] r9749[8] r9753(8] r9754(8] r9755[8] | r9756[8] r9745[8] | r9750[8]
ro747[9] r9748[9] r9749[9] r9753[9] r9754[9] r9755[9] | r9756[9] r9745[9] | r9750[9]

r9747(15]| ro748[15] ro749[15] | ro753(15] | ro754[15]| ro755[15]| ro7s6[15] | ro74s(15] | ro750[15]

ro747[56]| r9748[56] r9749[56] ro9753[56] | r9754[56]| r9755[56]| r9756[56]| r9745[56]| r9750[56]

r9747[57]| r9748[57] ro749[57] | ro753(57] | ro754[57]| ro755[57]| ro756[57]| ro745(57]| r9750[57]

ro747[63]| r9748[63] r9749[63] r9753[63] | r9754[63]| r9755[63]| r9756[63]| r9745[63]| r9750[63]

Figure 6-12  Structure of the message buffer
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When a safety message is present, bit r2139.5 is set to 1 (safety message active). The entry
in the message buffer is delayed. For this reason, the message buffer should not be read
until a change in the buffer (r9744) has been detected after "Safety message present" is
output.

The messages must be acknowledged via a fail-safe input F-DI of the TM54F or via
PROFIsafe.

Properties of the safety message buffer:

The entries appear in the buffer according to the time at which they occurred.

If the cause of at least one message in "Current message case" is rectified and
acknowledged, the message buffer is reorganized accordingly. Messages that have not
been rectified remain in "Current message case".

A maximum of 8 messages can be saved in the message buffer of the "Current message
case". If 8 messages are entered in the "Current message case" and a new message
occurs then this message can no longer be saved.

If a fault is rectified and the message is acknowledged, the message buffer will be
reorganized. The history is recorded in the "Acknowledged message case" 1to 7.

r9744 is incremented each time the message buffer changes.

A message value (r9749, r9753) can be output for a message. The message value is
used to diagnose the message more accurately (refer to the message description for
more details).

Deleting the message buffer

The message buffer is deleted with p9752 = 0. The parameter p9752 (S| message cases,
counter) is also reset to 0 at POWER ON. This also clears the fault memory.

Overview of important parameters
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r2139.0...12 CO/BO: Status word, faults/alarms 1
r9744 S| message buffer changes, counter
r9745[0...63] S| component number

r9747[0...63] SI message code

r9748[0...63] SI message time received in milliseconds
r9749[0...63] S| message value

r9750[0...63] S| diagnostic attributes

p9752 S| message cases, counter

r9753[0...63] S| message value for float values
r9754[0...63] S| message time received in days
r9755[0...63] S| message time removed in milliseconds

r9756[0...63] S| message time removed in days
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6.15 Safe actual value acquisition

Safe actual value acquisition

Reliable actual value acquisition with the encoder system

Supported encoder systems

The Safety Functions used to monitor motion (e.g. SS1, SS2, SOS, SLS and SSM) require
reliable actual value acquisition.

The following encoder systems can in principle be used for safety-relevant speed/position
acquisition:

® Single-encoder systems or

® Two-encoder systems

Single-encoder system

In a single-encoder system, only the motor encoder is used to safely acquire the drive actual
values. This motor encoder must be appropriately qualified (see encoder types). The safety-
relevant actual values are generated either directly in the encoder or in the Sensor Module
and are transferred to the Control Unit by way of fail-safe communication via DRIVE-CLIQ.

For motors without a DRIVE-CLIQ interface, the connection is established by means of
additional Sensor Modules (SMC or SME).

Even if the drive is operating in the closed-loop torque controlled mode, motion monitoring
functions may be selected as long as it is guaranteed that the encoder signals can be
evaluated.

Special feature in the case of linear motors

Safety Integrated

The motor encoder (linear scale) of linear motors also acts as load measuring system. Only
one measuring system is required for this reason. The system is connected by means of a
Sensor Module or directly via DRIVE-CLIQ.

NOTICE

When specifying the standstill tolerance window, you must remember that fail-safe position
monitoring takes place with a maximum of the precision displayed in r9731.
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DRIVE-CLIQ

/

(not applicable for motor with
DRIVE-CLIQ interface)

Sensor Module

Machine table

E = Encoder
M = Motor
Linear scale

Backlash

Figure 6-13 Example for a single-encoder system

Two-encoder system
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For a two-encoder system the safe actual values for a drive are provided by two separate
encoders. The actual values are transferred to the Control Unit by means of fail-safe

communication via DRIVE-CLIQ.

For motors without a DRIVE-CLIQ interface, the connection is established by means of

additional Sensor Modules (SMC or SME).

Each measuring system requires a separate connection or a separate Sensor Module.

—

N\

/ DRIVE-CLIQ

Sensor Module
(not required for motor with
DRIVE-CLIQ interface)

E = Encoder
M = Motor
M—=
= E

Figure 6-14 Example for a two-encoder system

Safety Integrated
Function Manual, 03/2011, ASE03264275A



Safety Integrated Extended Functions

6.15 Safe actual value acquisition

When parameterizing a 2-encoder system with Safety Integrated, you must align parameters
p9315 to p9329 with parameters r0401 to r0474.

Table 6- 5

Encoder parameters and corresponding Safety parameters for 2-encoder systems

Safety parameters

Designation

Encoder parameters

p9315/p9515 S| Motion coarse position value configuration

significant bit left-justified

p9315.0/p9515.0 Up-counter r0474[x].0
p9315.1/p9515.1 Encoder CRC, least significant byte first r0474[x].1
p9315.2/p9515.2 Redundant coarse position value, most r0474[x].2

p9315.16/p9515.16

DRIVE-CLIiQ encoder

p0404[x].10

p9316/p9516 S| Motion encoder configuration, safety functions

significant bit (identified)

p9316.0/p9516.0 Motor encoder, rotary/linear p0404[x].0

p9316.1/p9516.1 Position actual value, sign change p0410[x]

p9317/p9517 S| motion, linear scale, grid division p0407

p9318/p9518 S| motion, encoder pulses per revolution p0408

p9319/p9519 S| motion, fine resolution G1_XIST1 p0418

p9320/p9520 S| motion, spindle pitch STARTER encoder
parameterizing screen form

p9321/p9521 S| Motion gearbox encoder STARTER encoder
parameterizing screen form

p9322/p9522 S| Motion gearbox encoder STARTER encoder
parameterizing screen form

p9323/p9523 Redundant coarse position value, valid bits r0470

p9324/p9524 Redundant coarse position value, fine resolution | r0471

bits

p9325/p9525 Redundant coarse position value, relevant bits r0472

p9326/p9526 S| Motion encoder assignment p0430

p9328/p9528 S| motion Sensor Module Node Identifier

p9329/p9529 Gx_XIST1 coarse position safety, most p0415 =r0470 — r0471

Encoder types

Incremental encoders or absolute encoders can be used for safe acquisition of the position

values on a drive.

Safe actual value acquisition relies on redundant evaluation of the incremental tracks A/B,
which have to supply sin/cos signals of 1 Vpp.

The absolute position values can be transferred via the serial EnDat interface or an SSI
interface to the controller.

Safety Integrated
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Encoder types for 1 and 2 encoder systems

In systems with encoders with SINAMICS Safety Integrated (1 and 2 encoder systems), for
safe actual value acquisition only encoders with sin/cos 1 Vss signals to the SINAMICS
Sensor Modules SME20/25, SME120/125 and SMC20 are permitted which fulfill the
following conditions:

1. The encoders must contain purely analog signal processing and creation. This is
necessary to be able to prevent the A/B track signals with valid levels from becoming
static ("freezing").

2. A failure mode and effects analysis (FMEA) must be carried out for the fixation of the
encoder onto the motor shaft or the linear drive. The result should incorporate exclusion
of the failure "Loosening of encoder fixation so that encoder no longer reports movement
correctly" (see IEC 61800-5-2, table D.16).

It should be noted that the machine manufacturer has sole responsibility for the fulfillment of
the above-described requirements. Information on the internal realization of the encoder
must come from the encoder manufacturer. The FMEA must be created by the machine
manufacturer.

Certain Siemens motors with and without DRIVE-CLIiQ connection for Safety Integrated
functions can be used; see
http://support.automation.siemens.com/WW/view/de/33512621

For these motors, the fault specified under 2. cannot occur.

NOTICE

Basic absolute encoders (e.g. ECI, EQI), which offer an EnDat interface with additional
sin/cos tracks but operate according to an inductive measuring principle internally, are not
permitted until their suitability for SINAMICS Safety Integrated has been determined.

Actual value synchronization
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A Safe actual position value Actual position
(on load side)

o° value

4 Sensor 1
e

Actual position
value
Sensor 2

Deviation between

actual position values is not
greater than the slip

in each KDV cycle (p9549*r9724)

v

KDV cycle = r9724

Figure 6-15 Example diagram of actual value synchronization
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The mean value of the actual values of both encoders is calculated cyclically after actual
value synchronization (p9301.3 = p9501.3 = 1) was activated, for example, for systems or
machines with slip. The maximum slip defined in p9349/p9549 is monitored within the
crosswise comparison clock cycle (r9724). If "actual value synchronization" is not enabled,
the value parameterized in p9342/p9542 is used as tolerance value for the crosswise
comparison.

Safe motion monitoring

Two read parameters are available for safe motion monitoring:

r9730: S| Motion safe maximum velocity

Displays the maximum speed (load side) permissible due to the acquisition of actual
values for safe motion monitoring functions. The maximum velocity for actual value
acquisition depends on the actual value update clock cycle (p9311/p9511). Parameters
p9311/p9511 are used to set the clock cycle time of the actual value acquisition for safe
motion monitoring.

A slower clock cycle reduces the maximum permissible velocity, but also reduces the
load on the Control Unit for safe actual value acquisition.

The maximum permissible velocity which, if overshot, can trigger faults in safe actual
value acquisition, is displayed in parameter r9730.

With a default value of p9311/p9511 (0 ms), the isochronous PROFIBUS clock cycle is
used (or 1 ms in non-isochronous mode).

r9731: Sl Motion safe position accuracy

Displays the greatest position accuracy (load side) that can be ensured due to the
acquisition of the actual value for the safe motion monitoring functions.

Both parameters (r9730/r9731) depend on the relevant encoder type.

Overview of important parameters

Safety Integrated

p9301.3 S| Motion enable safety functions (Motor Module),
enable actual value synchronization

p9501.3 S| Motion enable safety functions (Control Unit),
enable actual value synchronization

p9302 S| Motion axis type (Motor Module)

p9502 S| Motion axis type (Control Unit)

p9311 SI Motion actual value sensing clock cycle (Motor Module)

p9511 S| Motion actual value sensing clock cycle (Control Unit)

p9315 S| Motion encoder coarse position value configuration (Motor Module)
p9515 S| Motion encoder coarse position value configuration (Control Unit)
p9316 S| Motion motor encoder configuration safety functions (Motor Module)
p9516 S| Motion motor encoder configuration safety functions (Control Unit)

p9317 S| Motion linear scale grid division (Motor Module)
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® p9517 Sl Motion linear scale grid division (Control Unit)

e p9318 S| Motion encoder pulses per revolution (Motor Module)

® p9518 S| Motion encoder pulses per revolution (Control Unit)

® p9319 S| Motion fine resolution Gn_XIST1 (Motor Module)

® p9519 S| Motion fine resolution G1_XIST1 (Control Unit)

® p9320 Sl Motion spindle pitch (Motor Module)

® p9520 S| Motion spindle pitch (Control Unit)

® p9321[0...7] S| Motion gearbox encoder/load denominator (Motor Module)

e p9521[0...7] SI Motion gearbox encoder/load denominator (Control Unit)

® p9322[0...7] S| Motion gearbox encoder/load numerator (Motor Module)

® p9522[0...7] S| Motion gearbox encoder/load numerator (Control Unit)

e p9323 S| Motion redundant coarse position value valid bits (Motor Module)

® p9324 S| Motion redundant coarse position value, fine resolution (Motor Module)
® p9325 S| Motion redundant coarse position value relevant bits (Motor Module)
® p9523 S| Motion redundant coarse position value valid bits (Control Unit)

® p9524 S| Motion redundant coarse position value, fine resolution (Control Unit)
® p9525 S| Motion redundant coarse position value relevant bits (Control Unit)

® p9326 S| Motion encoder assignment (Motor Module)

® p9526 Sl Motion encoder assignment second channel

® p9342 Sl Motion actual value comparison tolerance (crosswise) (Motor Module)
® p9542 S| Motion actual value comparison tolerance (crosswise) (Control Unit)
® p9349 S| Motion slip velocity tolerance (Motor Module)

® p9549 S| Motion slip velocity tolerance (Control Unit)

e r9713[0...3] Sl Motion diagnostics position action value load side

® r9714[0...1] Sl Motion diagnostics speed

® 19724 Sl Motion crosswise comparison clock cycle

® 19730 Sl Motion safe maximum velocity

® 19731 Sl Motion safe position accuracy

Safety Integrated
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6.15.2 Safe current actual value acquisition without encoder

Several parameters are available in order to guarantee safe motion monitoring for Safety
Extended functions without encoder depending on the situation in a specific application.
You define these parameters in the following STARTER dialog box:

Configuration of encoderless actual value acquisition

Pulze enable
Actual value acquisition
Actual value acquisition delay filker time
j kirne:
i _i I - 1 wWelocity monitorin
Actual Speed Value — 1 C— — v &
100,00 ms 0 —0]

25.00 ms 0 oy rin

Actual value acquisition supplies
wvalid actual value _< }—

Ackual walue acquisition Acceleration voltage
minirurn current tolerance
10,00 %o 100,00 o

L 9 999 9990000000000 000N000NN NN

Help |

Figure 6-16  Configuration, actual value acquisition without encoder

In most cases, you can work with the default values. If the converter outputs unnecessary
messages/signals — especially during the starting phase — then increase the value of the
selected parameter "Delay time actual value acquisition" (p9586/p9386).

Instructions to determine the correction value using the trace function are provided in the
"Reaction times" section. Alternatively, you can change the value of p9586/p9386 in small
steps and then monitor the system reaction. You have found a suitable value if unnecessary
messages/signals no longer occur.

Overview of important parameters
® p9386 S| Motion evaluation delay time without encoder (MM)
® p9387 Sl Motion actual value acquisition without encoder filter time (Motor Module)

® p9388 Sl Motion actual value acquisition without encoder minimum current (Motor
Module)

® p9389 S| Motion acceleration voltage tolerance (Motor Module)

® p9586 S| Motion evaluation delay time without encoder (CU)

® p9587 Sl Motion actual value acquisition without encoder filter time (Control Unit)

® p9588 Sl Motion actual value acquisition without encoder minimum current (Control Unit)

® p9589 Sl Motion acceleration voltage tolerance (Control Unit)
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6.16 Forced dormant error detection

Forced dormant error detection and function test through test stop

The functions and switch-off signal paths must be tested at least once within a defined
period to establish whether they are working properly in order to meet the requirements of
EN ISO 13849-1 and IEC 61508 in terms of timely error detection.

The maximum permissible interval for forced dormant error detection with the Basic
Functions and Extended Functions is 9000 hours or once a year.

This functionality must be implemented by means of test stop triggering either in cyclic
manual mode or by the automated process.

The test stop cycle is monitored. On expiration of the parameterized timer (also after
POWER ON / warm restart), the alarm A01697: "SI Motion: Test of motion monitoring
required" is generated and a status bit is set which can be transferred to an output or to a
PZD bit via BICO. This alarm does not affect machine operation.

The test stop must be initiated application-specific and be executed at a time which suits
application requirements. This functionality is implemented by means of a single-channel
parameter p9705 which can be wired via BICO either to an input terminal on the drive unit
(CU), or to an I0-PZD in the drive telegram.

® p9559 S| Motion Forced dormant error detection timer (Control Unit)
e p9705 BI: SI Motion Test stop signal source
e r9723.0 CO/BO: Sl Motion diagnostics signals integrated in the drive

A test stop does not require POWER ON. The acknowledgment is set by canceling the test
stop request.

When the appropriate safety devices are implemented (e.g. protective doors), it can be
assumed that operational machinery will not pose any risk to personnel. For this reason, an
alarm is only output to inform the user that a forced dormant error detection run is due and to
request that this be carried out at the next available opportunity.

Examples of when to carry out forced dormant error detection:

e When the drives are at a standstill after the system has been switched on (POWER ON).
e Before the protective door is opened.

e At defined intervals (e.g. every 8 hours).

® |n the automatic mode (time and event dependent).

Note

STO is triggered when a test stop is carried out for the Safety functions. It is not permissible
that STO is selected before selecting the test stop.

Safety Integrated
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Forced dormant error detection F-DI/F-DO of TM54F through test stop

An automatic test stop function is available for forced dormant error detection within the F-
DlIs/DOs test.

To ensure that the test stop function of the TM54F can be used, the F-Dls that are used
must be interconnected in accordance with the following wiring example. The digital inputs of
F-DIO to F-DI4 must be connected to the "L1+" power supply. The digital inputs of F-DI5 to F-
DI9 must be connected to the "L2+" power supply.

Safety Integrated
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Figure 6-17 Connection example for TM54F
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The F-DIs must be registered for the test stop by means of p10041.
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CAUTION

The F-DI states are frozen for the duration of the test!

In order to be able to use the test stop function, the F-DOs being used must be
interconnected in accordance with the connection example shown above and the forced
feedback signals of the two relays must be connected to the corresponding digital input
(DI 20 to DI 23).

The corresponding F-DOs must be registered for the test stop by means of p10046.

NOTICE

F-DOs which are not registered for evaluation by means of p10046 are set to "0" for the
duration of the test stop ("fail-safe values").

Maximum test stop period: Treststop = TrpIs + TFDOs

e Test of the FDIs: Trois =3 * p10000 + 3 * X ms
(X' =20 ms or p10000 or p10017 - the longest time value of the 3 values defines the
waiting time X)

e Test of the FDOs: Trpos = 8 * p10000 + 6 * Y ms
(Y =p10001 or p10000 or p10017 - the longest time value of the 3 values defines the
waiting time Y)

/N\WARNING

If the connected devices do not support the test stop function for specific F-Dls or F-DOs,
the relevant F-DIs/F-DOs must be operated dynamically, e.g. by means of switch operation,
or through specific machine functions.

The test stop must be executed at a suitable time. That is, it must be initiated application-
specific. This functionality is implemented by means of a parameter p10007 which can be
wired via BICO either to an input terminal on the drive unit (CU), or to an IO-PZD in the drive
telegram.

The test stop cycle is monitored. On expiration of the parameterized timer (also after
POWER ON / warm restart), the alarm A35014: "TM54F: Test stop required" is output.

® p10001 Sl delay time for test stop at F-DO 0 ... 3

p10003 Sl forced dormant error detection timer

p10007 BI: Sl input terminal forced dormant error detection F-DO 0 ... 3
p10041 Sl F-DlI test enable
p10046 Sl test sensor feedback input DI 20 ... 23

A test stop does not require POWER ON. The acknowledgment is set by canceling the test
stop request.

Additional instructions for performing the test stops are provided in Chapter "Commissioning
TM54F using STARTER/Scout —~ Test stop".
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6.17 Safety Info Channel

The Safety Info Channel (SIC) enables Safety Integrated functionality status information of
the drive to be transferred to the higher-level control.

Telegram 700

The predefined PROFIdrive telegram 700 is available for this transfer:

You can find further information on communication via PROFIdrive in the Manual
"SINAMICS S120 Function Manual Drive Functions", Chapter "Communication according to

PROFIdrive"
Table 6-6  Structure of telegram 700
Receive data Transmit data Parameter
PzZD1 - S_ZSW1B r9734
PzD2 - S_V_LIMIT_B r9733.2
PZD3 -
Note

The transmit data S_ZSW1B and S_V_LIMIT_B are only updated if the Safety Integrated
Extended Functions are enabled.
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6.17 Safety Info Channel

S_ZSwW1B
Safety Info Channel: Status word
Table 6-7 Description S_ZSW1B
Bit Meaning Remarks Parameter
0 STO active 1 STO active r9734.0
0 STO not active
1 SS1 active 1 SS1 active r9734.1
0 SS1 not active
2 SS2 active 1 SS2 active r9734.2
0 SS2 not active
3 SOS active 1 SOS active r9734.3
0 SOS not active
4 SLS active 1 SLS active r9734.4
0 SLS not active
5 SOS selected 1 SOS selected r9734.5
0 SOS not selected
6 SLS selected 1 SLS selected r9734.6
0 SLS not selected
7 Internal event 1 Internal event r9734.7
0 No internal event
8...11 | Reserved - - -
12 SDI positive selected 1 SDI positive selected r9734.12
0 SDI positive not selected
13 SDI negative selected 1 SDI negative selected r9734.13
0 SDI negative not selected
14 Emergency retraction requested 1 Emergency retraction requested r9734.14
0 Emergency retraction not requested
15 Safety message effective 1 Safety message effective r9734.15
0 No Safety message effective
S_V_LIMIT_B
SLS speed limit with a 32-bit resolution with sign bit.
® The SLS speed limit is available in r9733[2].
e Bit 31 determines the sign of the value:
— Bit =0 - positive value
— Bit =1 - negative value
® The SLS speed limit is standardized via p2000.
S_V_LIMIT_B = 4000 0000 hex = speed in p2000
Safety Integrated
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Controlling the safety functions 7

7.1

Overview of F-DI/F-DOs and of their structure

The safety-oriented input and output terminals (F-DI and F-DO) act as an interface between
the internal Safety Integrated functionality and the process.

A dual-channel signal applied to an F-DI (Fail-safe Digital Input, safety-oriented digital input
= safe input terminal pair) controls the active monitoring of the activation/deactivation of
safety functions. This function also depends on the status of sensors (e.g. switches).

An F-DO (Failsafe Digital Output, safety-oriented digital output = safe output terminal pair)
delivers a dual-channel signal representing feedback from the safety functions. It is suitable,
for example, for the safety-oriented control of actuators (e.g. line contactor). See also the
figures "F-DI O ... 4 overview", "F-DI 5 ... 9 overview" and "F-DO overview (without showing
the main contacts on the contactors)".

Dual-channel processing of 1/O signals

A dual-channel structure is implemented for data input/output and for processing safety-
oriented 1/O signals. All requests and feedback signals for safety-oriented functions should
be entered or tapped using both channels.

The following options are available for controlling Safety Integrated functions:

Safety Integrated

e Control by way of terminals on the Control Unit and Motor Module (only STO, SS1(time
controlled) and SBC).

e Control by way of PROFIsafe
e Control by way of TM54F terminals

Control by way of terminals on the Control Unit and Motor Module can be activated
alongside with one of the other two options. Only one of the two control modes can be
selected for each drive object; either PROFIsafe or TM54F.

NOTICE

Per single Control Unit, either control via PROFIsafe or TM54F is permitted. Mixed
operation is not permitted.
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7.2 Control of "STO" and "SS1" via terminal module for option K82

7.2

7.2.1

Description

144

Control of "STO" and "SS1" via terminal module for option K82

Terminal module for control of "STO" and "SS1" for SINAMICS G150

The K82 option (terminal module for activating "Safe Torque Off" and "Safe Stop 1" is used
for optically isolated activation via a variable control voltage range of the safety functions
already present in the standard, which can also be used without option K82.

Note

Refer to the circuit diagrams enclosed for the interconnections for your device.

Note

The Safety functions must be activated prior to use via parameter assignment. An
acceptance test must be performed and an acceptance log must be created.

Option K82 is used to activate the following Safety Integrated Basic Functions (terms and
definitions in accordance with IEC 61800-5-2):

e Safe Torque Off (STO)
e Safe Stop 1 (SS1) (time controlled)

Note

The integrated safety functions, starting from the Safety Integrated (Sl) input terminals of the
SINAMICS components (Control Unit, Motor Module), satisfy the requirements of

EN 61800-5-2, EN 60204-1, and DIN EN ISO 13849-1 category 3 (formerly EN 954-1), as
well as the requirements for Performance Level (PL) d and IEC 61508 SIL2.

In combination with the option K82, the requirements specified in EN 61800-5-2, EN
60204-1, as well as in DIN EN ISO 13849-1 category 3 (formerly EN954-1) are satisfied for
Performance Level (PL) d and IEC 61508 SIL2.

In addition, most of the SINAMICS safety functions have been certified by independent
institutes. An up-to-date list of certified components is available on request from your local
Siemens office.

Safety Integrated
Function Manual, 03/2011, ASE03264275A



Controlling the safety functions

7.2 Control of "STO" and "SS1" via terminal module for option K82

Recommended application

This option is used when:
e Activation will be executed optically isolated in a voltage range of 24 V — 230 V DC/AC.
® using non-shielded control lines, which are longer than 30 m.

® the devices are used in plants dispersed over a wide area (no ideal equipotential
bonding).

Principle of operation

Safety Integrated

Two independent channels of the integrated safety function are controlled via relays (K41,
K42).

Relay K41 controls the signal at the control unit that is necessary for the safety function and
the relay K42, the corresponding signal at the Power Module.

The selection and deselection must be simultaneous. The time delay that is unavoidable due
to mechanical switch processes, for example, can be adapted via parameters. p9850/p9650
specifies the tolerance time within which selection/deselection of the two monitoring
channels must take place to count as "simultaneous".

The circuit is structured so that it is protected against wire break, i.e. if the relay's control
voltage fails then the safety function is active.

A checkback signal can be derived for information, diagnostics, or troubleshooting from the
normally-closed contact switched in series of the relay. Wiring of the checkback signal can
be executed optionally and is not part of the safety concept.

Note

The feedback signal is not necessary to comply with standard DIN EN ISO 13849-1 (formerly
EN 954-1) Cat. 3 PL d and DIN EN 61508 SIL2.

The selection of the safety function must be executed over two channels. A switch in
accordance with ISO 13850/ EN 418, positive opening in accordance with EC 60947-5-1, or
a certified safety controller must be used as activation element.

/I\DANGER

Responsibility for selecting the correct activation element for the purpose of compliance of
the overall system with the required standard (DIN EN ISO 13849-1 (formerly EN954-1)
Cat. 3 PL d or DIN EN 61508 SIL2) rests with the user.
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7.2 Control of "STO" and "SS1" via terminal module for option K82

Customer interface -X41

Table 7- 1 Terminal strip -X41
Terminal | Meaning Technical data
-X41:1 Control -K41: A1 Connection for activation element at channel 1 "+"
-X41:2 Connected to -X41:1
-X41:3 Control -K41:A2, -K42:A2 , N conductor or ground Connection of reference potential for activation
elements at channel 1 and channel 2
-X41:4 Connected to -X41:3
-X41:5 Feedback signal, status -K41, -K42 Connection of supply voltage for optional feedback
signal
-X41:6 Feedback signal, status -K41, -K42 Connection of optional checkback signal
-X41:7 Control -K42: A1 Connection for activation element at channel 2 "+"
-X41:8 Connected to -X41:7
-X41:9 Not assigned
-X41:10 | Output -K41: Permanently wired with CU320-2:
-X132:4 (DI7)
Control circuit:
Rated voltage: DC/AC 24 to 230 V (0.85 to 1.1 x Us)
Max. line length (applies to the sum of the outgoing and return lines):
e AC (line capacity: 300 pF/m):
- 24 V:5000 m
- 110V: 800 m
- 230V:200m
The values apply for 50 Hz, at 60 Hz the line lengths must be reduced by 20%.
AWARNING
When the permissible cable lengths and/or the permissible cable capacitances are
exceeded, the relay can remain energized as a result of the coupling capacitances of
the cable and the associated residual current, in spite of the fact that the actuation
elements are open.
® DC (min. cross-section 0.75 mm?): 1500 m
Max. connectable cross-section: 2.5 mm?
Fuse: max. 4 A
Safety Integrated
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7.2 Control of "STO" and "SS1" via terminal module for option K82

Load side:

Switching voltage: max. 250 V DC/AC

Rated operating currents:

® AC-15 (in accordance with IEC 60947-5-1): 24 ... 230V =3 A
® DC-13 (in accordance with IEC 60947-5-1):

- 24V=1A
- 10V=02A
- 230V=01A

Min. contact load: 5V DC, 1 mA at 1 ppm error
Fuse: max. 4 A (fuse weld-free, duty category gL/gG with |k = 1 kA)

Connection to: Connection to: G150 parallel switching:

CU320-2: -X124:+ Control Interface Module -X41:2 (EP+) .Control Interface Module
!._._._._. ._._._._._._._._.! ! j E § 1
I I L@ pe =00l
i | X42: 113-3]> X41: ?T 2
| 12 142 2|, ' -XE;).Q

24

' 14 2 Al L L !
i A1l 12| | 22 [24] [34 -K42 — =\ |
; K41 L PV R
| A2 11 21 34 l ®
i | -X99: 10
| |
| |
| |

Connection to:
CU320-2: -X132: 4 (DI7)

Connection to: I
CU320-2: -X132: 3 (DI6) <]

Operator control element}-.,»-j----

Optional checkback

signal
Fuse

line-side' tH

2410230 VAC/DC

Figure 7-1 Circuit terminal module for option K82
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7.2 Control of "STO" and "SS1" via terminal module for option K82

A switch in accordance with ISO 13850/ EN 418, positive opening in accordance with
EC 60947-5-1, or a certified safety controller must be used as activation element.

Note
The terminal -X41:10 is permanently connected to the digital input DI7 of the Control Unit.

Note

For the following cabinet units (parallel switchgear), digital input DI6 of the Control Unit is
also assigned:
e For 3 AC 380 to 480 V:

6SL3710-2GE41-1AAX, 6SL3710-2GE41-4AAx, 6SL3710-2GE41-6AAX

e For 3 AC 500 to 600 V:

6SL3710-2GF38-6AAX, 6SL3710-2GF41-1AAXx, 6SL3710-2GF41-4AAX
e For 3 AC 660 to 690 V:

6SL3710-2GH41-1AAX, 6SL3710-2GH41-4AAX, 6SL3710-2GH41-5AAx

Interconnection in groups

Wiring

148

When using a single activation element for multiple cabinet units, the following terminals
have to be used on terminal strip -X41:

® -X41:2: Interconnection to the next cabinet unit, terminal -X41:1
® -X41:4: Interconnection to the next cabinet unit, terminal -X41:3
® -X41:6: Interconnection to the next cabinet unit, terminal -X41:5
® -X41:8: Interconnection to the next cabinet unit, terminal -X41:7
e -X41:9: Interconnection to the next cabinet unit, terminal -X41:6

e Connection of the optional checkback signal to terminal -X41:9

The control cables should be permanently routed (e.g. cable duct, retained using cable ties).
Signal cables and encoder cables should be installed separated from one another.

The shields of the control cables should be grounded through the largest possible surface
area immediately after they enter the control cabinet.

Outside the control cabinet, the cables must be routed in such a way that they are safe to
walk on (e.g. as specified in IEC 60204-1).

Safety Integrated
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7.2.2

7.2.2.1

7.2 Control of "STO" and "SS1" via terminal module for option K82

Terminal module for control of "STO" and "SS1" for SINAMICS S120 Cabinet
Modules

General information

Availability of option

Description

Safety Integrated

This option is available for the following S120 cabinet modules:
® Motor Module in chassis format

® Booksize Cabinet Kit

The K82 option (terminal module for activating "Safe Torque Off" and "Safe Stop 1" is used
for optically isolated activation via a variable control voltage range of the safety functions
already present in the standard, which can also be used without option K82.

Note

Refer to the circuit diagrams enclosed for the interconnections for your device.

Note

The Safety functions must be activated prior to use via parameter assignment. An
acceptance test must be performed and an acceptance log must be created.

Option K82 is used to activate the following Safety Integrated Basic Functions (terms and
definitions in accordance with IEC 61800-5-2):

e Safe Torque Off (STO)
e Safe Stop 1 (SS1) (time controlled)

Note

The integrated safety functions, starting from the Safety Integrated (Sl) input terminals of the
SINAMICS components (Control Unit, Motor Module), satisfy the requirements of

EN 61800-5-2, EN 60204-1, and DIN EN ISO 13849-1 category 3 (formerly EN 954-1), as
well as the requirements for Performance Level (PL) d and IEC 61508 SIL2.

In combination with the option K82, the requirements specified in EN 61800-5-2, EN
60204-1, as well as in DIN EN ISO 13849-1 category 3 (formerly EN954-1) are satisfied for
Performance Level (PL) d and IEC 61508 SIL2.

In addition, most of the SINAMICS safety functions have been certified by independent
institutes. An up-to-date list of certified components is available on request from your local
Siemens office.
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7.2 Control of "STO" and "SS1" via terminal module for option K82

Recommended application
This option is used when:
e Activation will be executed optically isolated in a voltage range of 24 VV — 230 V DC/AC.
® using non-shielded control lines, which are longer than 30 m.

® the devices are used in plants dispersed over a wide area (no ideal equipotential
bonding).

Principle of operation

Two independent channels of the integrated safety function are controlled via relays (K41,
K42).

Relay K41 controls the signal at the Control Unit that is necessary for the safety function and
the relay K42, the corresponding signal at the Motor Module.

The selection and deselection must be simultaneous. The time delay that is unavoidable due
to mechanical switch processes, for example, can be adapted via parameters. p9850/p9650
specifies the tolerance time within which selection/deselection of the two monitoring
channels must take place to count as "simultaneous".

The circuit is structured so that it is protected against wire break, i.e. if the relay's control
voltage fails then the safety function is active.

A checkback signal can be derived for information, diagnostics, or troubleshooting from the
normally-closed contact switched in series of the relay.

Wiring of the checkback signal can be executed optionally and is not part of the safety
concept.

Note

The checkback signal is not necessary for compliance with the standard DIN EN ISO 13849-
1 (formerly EN954-1) cat. 3 PL d and DIN EN 61508 SIL2.

The selection of the safety function must be executed over two channels. A switch in
accordance with ISO 13850/ EN 418, positive opening in accordance with EC 60947-5-1, or
a certified safety controller must be used as activation element.

/\DANGER

Responsibility for selecting the correct activation element for the purpose of compliance of
the overall system with the required standard (DIN EN ISO 13849-1 (formerly EN954-1)
Cat. 3 PL d or DIN EN 61508 SIL2) rests with the user.

Safety Integrated
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7.2 Control of "STO" and "SS1" via terminal module for option K82

Customer interface —X41

Table 7-2  Terminal strip —X41

Terminal Meaning Technical data

—X41:1 Control —-K41: A1 Connection for activation element at channel 1 "+"

—-X41:2 Connected to -X41:1 Connection for activation element at channel 1 "+", for
interconnecting motor modules in groups

-X41:3 Control —-K41:A2, -K42:A2 , N conductor or ground | Connection of reference potential for activation
elements at channel 1 and channel 2

-X41:4 Connected to -X41:3 Connection of reference potential for activation
elements at channel 1 and channel 2, for
interconnecting motor modules in groups

-X41:5 Feedback signal, status -K41, -K42 Connection of supply voltage for optional feedback
signal

—X41:6 Feedback signal, status —-K41, —-K42 Connection for optional checkback signal, for
interconnecting motor modules in groups

-X41:7 Control —-K42: A1 Connection for activation element at channel 2 "+"

-X41:8 Connected to -X41:7 Connection for activation element at channel 2 "+", for
interconnecting motor modules in groups

-X41:9 Connection of optional checkback For the option of connecting other checkback signals
in series when motor modules are grouped

-X41:10 Output —-K41: Permanently wired with Output -K41: For connecting to a digital input in

CU320-2: -X132:4 (DI7)

accordance with the Safety settings on the CU320-2
(already wired in option K90)

Control circuit:

Rated voltage: DC/AC 24 to 230 V (0.85 to 1.1 x Us)

Max. line length (applies to the sum of the outgoing and return lines):

® AC (line capacity: 300 pF/m):
— 24 V:5000 m
- 110V:800 m
- 230V:200m

The values apply for 50 Hz, at 60 Hz the line lengths must be reduced by 20%.

AWARNING

elements are open.

When the permissible cable lengths and/or the permissible cable capacitances are
exceeded, the relay can remain energized as a result of the coupling capacitances of
the cable and the associated residual current, in spite of the fact that the actuation

® DC (min. cross-section 0.75 mm2);: 1500 m

Max. connectable cross-section: 2.5 mm?

Fuse: max. 4 A

Safety Integrated
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7.2 Control of "STO" and "SS1" via terminal module for option K82

Load side:

Switching voltage: max. 250 V DC/AC

Rated operating currents:

® AC-15 (in accordance with IEC 60947-5-1): 24 ... 230V =3 A
® DC-13 (in accordance with IEC 60947-5-1):

- 24V=1A
- 10V=02A
- 230V=01A

Min. contact load: 5V DC, 1 mA at 1 ppm error
Fuse: max. 4 A (fuse weld-free, duty category gL/gG with Ik =2 1 kA)

Connection to: Connection to:
-X55 -X55

12y 14 3 a4
A1 L 27 |24
Ka2b ==

oot = X41:1

. | f i
Connection to CU320-2 H Xa1:7
\

<1 -

For wiring with the
downstream cabinet

Operator control elementln;-

Optional checkback

signal
Fuse

line-side '"EE"f'"'"'"J

2410230 VAC/DC

Figure 7-2  Circuit terminal module for option K82

A switch in accordance with ISO 13850/ EN 418, positive opening in accordance with
EC 60947-5-1, or a certified safety controller must be used as activation element.

Safety Integrated
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7222

7223

7224

Safety Integrated

7.2 Control of "STO" and "SS1" via terminal module for option K82

Use of the K82 option with Control Unit CU320-2

In conjunction with option K90 or K95 (CU320-2 DP or CU320-2 PN), terminal -X41:10 is
already connected inside the cabinet with digital input DI7 of the CU320-2.

In the double motor module, digital input DI6 is also wired on the CU320-2.

These interconnections have to be taken into account when Safety function parameters are
assigned.

Use of the K82 option with Control Unit CU320-2

If option K90 or K95 is not available, -X41:10 should be connected to the particular Control
Unit associated with the Motor Module. Digital inputs DIO to DI7, DI16, DI17, DI20, DI21 are
available for this purpose.

These interconnections have to be taken into account when Safety function parameters are
assigned.

If the cable is routed to the Control Unit outside the cabinet, then the cable may not be any
more than 30 m in length. For longer line lengths, suitable protective circuitry must be
provided on the plant side for overvoltage protection (Weidmiiller: Type no.: MCZ OVP TAZ).

Note

Terminal -X41:10 can only be connected to digital inputs DIO to DI7, DI16, DI17, DI20, DI21
of the Control Unit; other digital inputs cannot be connected.

Wiring

The control cables should be permanently routed (e.g. cable duct, retained using cable ties).
Signal cables and encoder cables should be installed separated from one another.

The shields of the control cables should be grounded through the largest possible surface
area immediately after they enter the control cabinet.

Outside the control cabinet, the cables must be routed in such a way that they are safe to
walk on (e.g. as specified in IEC 60204-1).
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7.2 Control of "STO" and "SS1" via terminal module for option K82

7.2.3 Terminal module for control of "STO" and "SS1" for SINAMICS S150

Description

The K82 option (terminal module for activating "Safe Torque Off" and "Safe Stop 1" is used
for optically isolated activation via a variable control voltage range of the safety functions
already present in the standard, which can also be used without option K82.

Note

Refer to the circuit diagrams enclosed for the interconnections for your device.

Note

The Safety functions must be activated prior to use via parameter assignment. An
acceptance test must be performed and an acceptance log must be created.

Option K82 is used to activate the following Safety Integrated Basic Functions (terms and
definitions in accordance with IEC 61800-5-2):

e Safe Torque Off (STO)
e Safe Stop 1 (SS1) (time controlled)

Note

The integrated safety functions, starting from the Safety Integrated (Sl) input terminals of the
SINAMICS components (Control Unit, Motor Module), satisfy the requirements of

EN 61800-5-2, EN 60204-1, and DIN EN ISO 13849-1 category 3 (formerly EN 954-1), as
well as the requirements for Performance Level (PL) d and IEC 61508 SIL2.

In combination with the option K82, the requirements specified in EN 61800-5-2, EN
60204-1, as well as in DIN EN ISO 13849-1 category 3 (formerly EN954-1) are satisfied for
Performance Level (PL) d and IEC 61508 SIL2.

In addition, most of the SINAMICS safety functions have been certified by independent
institutes. An up-to-date list of certified components is available on request from your local
Siemens office.

Recommended application
This option is used when:
e Activation will be executed optically isolated in a voltage range of 24 VV — 230 V DC/AC.
® using non-shielded control lines, which are longer than 30 m.

® the devices are used in plants dispersed over a wide area (no ideal equipotential
bonding).

Safety Integrated
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7.2 Control of "STO" and "SS1" via terminal module for option K82

Principle of operation

Two independent channels of the integrated safety function are controlled via relays (K41,
K42).

Relay K41 controls the signal at the Control Unit that is necessary for the safety function and
the relay K42, the corresponding signal at the Motor Module.

The selection and deselection must be simultaneous. The time delay that is unavoidable due
to mechanical switch processes, for example, can be adapted via parameters. p9850/p9650
specifies the tolerance time within which selection/deselection of the two monitoring
channels must take place to count as "simultaneous".

The circuit is structured so that it is protected against wire break, i.e. if the relay's control
voltage fails then the safety function is active.
A checkback signal can be derived for information, diagnostics, or troubleshooting from the

normally-closed contact switched in series of the relay. Wiring of the checkback signal can
be executed optionally and is not part of the safety concept.

Note

The checkback signal is not necessary for compliance with the standard DIN EN ISO 13849-
1 (formerly EN954-1) cat. 3 PL d and DIN EN 61508 SIL2.

The selection of the safety function must be executed over two channels. A switch in
accordance with ISO 13850/ EN 418, positive opening in accordance with EC 60947-5-1, or
a certified safety controller must be used as activation element.

/\DANGER

Responsibility for selecting the correct activation element for the purpose of compliance of
the overall system with the required standard (DIN EN 1SO 13849-1 (formerly EN954-1) cat.
3 PL d or DIN EN 61508 SIL2) rests with the user.

Customer interface —X41

Table 7- 3

Terminal strip —X41

Technical data

Terminal | Meaning

—-X41:1 Control —-K41: A1 Connection for activation element at channel 1 "+"

-X41:2 Connected to -X41:1

-X41:3 Control -K41:A2, -K42:A2 , N conductor or ground Connection of reference potential for activation
elements at channel 1 and channel 2

—X41:4 Connected to -X41:3

-X41:5 Feedback signal, status —-K41, -K42 Connection of supply voltage for optional
feedback signal

—X41:6 Feedback signal, status —-K41, —-K42 Connection of optional checkback signal

—X41:7 Control —-K42: A1 Connection for activation element at channel 2 "+"

—X41:8 Connected to -X41:7

-X41:9 Not assigned

—X41:10 | Output -K41: Permanently wired with CU320-2: -X132:4

(DI7)

Safety Integrated
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7.2 Control of "STO" and "SS1" via terminal module for option K82

Control circuit:
Rated voltage: DC/AC 24 to 230 V (0.85 ... 1.1 X URated)
Max. line length (applies to the sum of the outgoing and return lines):
® AC (line capacity: 300 pF/m):

— 24 V:5000 m

- 110V:800 m

- 230V:200m

The values apply for 50 Hz, at 60 Hz the line lengths must be reduced by 20%.

/N\WARNING

When the permissible cable lengths and/or the permissible cable capacitances are
exceeded, the relay can remain energized as a result of the coupling capacitances of
the cable and the associated residual current, in spite of the fact that the actuation
elements are open.

® DC (min. cross-section 0.75 mm?): 1500 m

Max. connectable cross-section: 2.5 mm?

Fuse: Max. 4 A

Load side:

Switching voltage: max. 250 V DC/AC

Rated operating currents:

e AC-15 (in accordance with IEC 60947-5-1): 24 ... 230 V=3 A
® DC-13 (in accordance with IEC 60947-5-1):

- 24V=1A
- 10V=02A
- 230V=01A

Min. contact load: 5V DC, 1 mA at 1 ppm error
Fuse: max. 4 A (fuse weld-free, duty category gL/gG with Ik = 1 kA)

Safety Integrated
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7.2 Control of "STO" and "SS1" via terminal module for option K82

Connection to: Connection to:
CU320-2: -X124:+ Control Interface Board: -X41:2 (EP +24V)

.—.—.—.—.—.—.—?:.—.l

! !
| |
! 12) |14 3 o !
| 14 2 Al L A |
b A1l 12 22 |24| |34 -K42 — o P
I _K41 L a1 2 |!
! A2[ 14| 2 31 !
i i
i i
! !
! !

Connection to:
CU320-2: -X132: 4 (DI7)

Operator control elementl».

Fuse el efevmemenee Y
line-side &
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Figure 7-3  Circuit terminal module for option K82

A switch in accordance with ISO 13850/ EN 418, positive opening in accordance with
EC 60947-5-1, or a certified safety controller must be used as activation element.

Note
The terminal -X41:10 is permanently connected to the digital input DI7 of the Control Unit.

Interconnection in groups

When using a single activation element for multiple cabinet units, the following terminals
have to be used on terminal strip -X41:

e -X41:2: Interconnection to the next cabinet unit, terminal -X41:1
® -X41:4: Interconnection to the next cabinet unit, terminal -X41:3
e -X41:6: Interconnection to the next cabinet unit, terminal -X41:5
e -X41:8: Interconnection to the next cabinet unit, terminal -X41:7
® -X41:9: Interconnection to the next cabinet unit, terminal -X41:6

e Connection of the optional checkback signal to terminal -X41:9
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Controlling the safety functions

7.2 Control of "STO" and "SS1" via terminal module for option K82

Wiring
The control cables should be permanently routed (e.g. cable duct, retained using cable ties).
Signal cables and encoder cables should be installed separated from one another.

The shields of the control cables should be grounded through the largest possible surface
area immediately after they enter the control cabinet.

Outside the control cabinet, the cables must be routed in such a way that they are safe to
walk on (e.g. as specified in IEC 60204-1).
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Controlling the safety functions

7.3 Control of "STO" and "SS1" via terminals on the Control Unit and the Mofor/Power Module

7.3 Control of "STO" and "SS1" via terminals on the Control Unit and the
Motor/Power Module

7.3.1 General information
7311 Control signals by way of terminals on the Control Unit and Motor/Power Module
Features

® Only for the STO, SS1 (time-controlled) and SBC functions
® Dual-channel structure via two digital inputs (Control Unit/power unit)

® A debounce function can be applied to the terminals of the Control Unit and the Motor
Module to prevent incorrect trips due to signal disturbances or asymmetrical test signals.
The filter times are set using parameters p9651 and p9851.

e Different terminal blocks depending on the format

e Automatic AND operation of up to 8 digital inputs (p9620[0..7]) on the Control Unit for
chassis format power units connected parallel switching

Overview of the terminals for safety functions

The different power unit formats have different terminal designations for the inputs of the
safety functions. These are shown in the following table.

Table 7- 4 Inputs for safety functions

Module 1. Switch-off signal path 2. Switch-off signal path (EP terminals)
(p9620[0])

Control Unit CU320-2 X122.1...6 / X132.1...6
DI 0...7/16/17/20/21

Single Motor Module (see CU320-2) X21.3 and X21.4 (on the Motor Module)
booksize

Single Motor Module/ (see CU320-2) X41.1 and X41.2

Power Module Chassis

Double Motor Module (see CU320-2) X21.3 and X21.4 (motor connection X1)
booksize X22.3 and X22.4 (motor connection X2) (at

the Motor Module)
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Controlling the safety functions

7.3 Control of "STO" and "SS 1" via terminals on the Conftrol Unit and the Motor/Power Module

Terminals for STO, SS1 (time-controlled), SBC
The functions are separately selected/deselected for each drive using two terminals.
1. Switch-off signal path, Control Unit
The desired input terminal is selected via BICO interconnection (Bl: p9620[0]).
2. Switch-off signal path Motor Module/Power Module
The input terminal is the "EP" terminal ("Enable Pulses")

The EP terminal is periodically interrogated with a sampling time, which is rounded off to
an integer multiple of the current controller cycle; however, it is a minimum of 1 ms.
(example: ti = 400 s, ter => 3 x ti= 1.2 ms)

Both terminals must be operated simultaneously, otherwise a fault will be issued.

Control Unit Motor Module
DRIVE-CLIQ}—  DRIVE-CLIQ
X122 .x
X132.x | DIx BI:
p9620
Control Unit r0722.xJ | ) |
monitoring channel: M
T
DRIVE-CLIQ | !4@ |
I
X21/X22 U2 | |
: - Temp + V2§ |
: w2 |
~Temp - I~
Motor Module _E\ -EP+24V BR+ I D—| !
monitoring channel: T L EPM BR- <y |
O o
- 1

Figure 7-4  Example: Terminals for "Safe Torque Off": example for Motor Modules Booksize and CU320-2

Grouping drives

To ensure that the function works for more than one drive at the same time, the terminals for
the corresponding drives must be grouped together as follows:

1. Switch-off signal path
By connecting the binector input to the joint input terminal on the drives in one group.
2. Switch-off signal path (Motor Module/Power Module)

By appropriately wiring the terminals for the individual Motor Modules/Power Modules
belonging to the group.
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Controlling the safety functions

7.3 Control of "STO" and "SS1" via terminals on the Control Unit and the Mofor/Power Module

Note
The grouping must be identical in both monitoring channels.

If a fault in a drive results in a "Safe Torque Off" (STO), this does not automatically mean
that the other drives in the same group also switch to "Safe Torque Off" (STO).

The assignment is checked during the test for the switch-off signal paths, The operator
selects "Safe Torque Off" for each group. The check is drive-specific.

Example: Terminal groups

It must be possible to select/deselect "Safe Torque Off" separately for group 1 (drives 1 and
2) and group 2 (drives 3 and 4).

For this purpose, the same grouping for "Safe Torque Off" must be performed on both the
Control Unit and the Motor Modules.

T .
-
Y H
i Control Unit RJA)_Q Mo i M M
Selecting/de EP ep Mepl EP
selecting Drive 1 i
Selecting/deselecting group 1 ol6 p9620
group 2 X132.3 T _Drive > Line Single Double Single
-+ — .. [p9620 Module | Motor Motor Motor
= ji M DI Module | Module | Module
Drive 3
p9620
wisoa | D7
e - Drive 4
= [r0722.7) - [Fooos
T M DR
Drive Drive Drive
1 2:3 4
Group 1 Group 2
4 L< |-

Figure 7-5  Example: Grouping terminals with Motor Modules Booksize and CU320-2

Information on the parallel connection of chassis type Motor Modules

When chassis format Motor Modules are connected in parallel, a safe AND element is
created on the parallel drive object. The number of indexes in p9620 corresponds to the
number of parallel chassis components in p0120.
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Controlling the safety functions

7.3 Control of "STO" and "SS 1" via terminals on the Conftrol Unit and the Motor/Power Module

7.3.1.2 Simultaneity and tolerance time of the two monitoring channels

The "Safe Torque Off" function must be selected/deselected simultaneously in both
monitoring channels using the input terminals and is only effective for the associated drive.

1 signal: Deselecting the function
0 signal: Selecting the function
"Simultaneously" means:

The changeover must be complete in both monitoring channels within the parameterized
tolerance time.

® p9650 S| SGE changeover tolerance time (Control Unit)
® p9850 S| SGE changeover tolerance time (Motor Module)

Note

To avoid incorrect triggering of fault messages, at these inputs the discrepancy time must
always be set less than the shortest time between two switching events (ON/OFF,
OFF/ON).

If the "Safe Torque Off" function is not selected/deselected within the tolerance time, this is
detected by the cross-comparison, and fault FO1611 or F30611 (STOP F) is output. In this
case, the pulses have already been canceled as a result of the selection of "Safe Torque
Off" on one channel.
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Controlling the safety functions

7.3 Control of "STO" and "SS1" via terminals on the Control Unit and the Mofor/Power Module

7.31.3 Bit pattern test

Bit pattern test of fail-safe outputs

The converter normally responds immediately to signal changes in its fail-safe inputs. This is
not desired in the following case: Several control modules test their fail-safe outputs using bit
pattern tests (light/darkness tests) to identify faults due to either short circuiting or cross
circuiting. When you interconnect a fail-safe input of the converter with a fail-safe output of a
control module, the converter responds to these test signals.

Input signals
P gF_D| A Bit pattern test

— -
-} -

v

Safety function : : :
Active T

Inactive

~Vv

Fault FO1611 T

~Vv

Figure 7-6  Converter response to a bit pattern test

Note

If the test impulses lead to unintended triggering of the Safety Integrated Functions, a
filtering (p9651/p9851 S| STO/SBC/SS1 debounce time) of the terminal inputs must be
assigned parameters.

Overview of important parameters
® p9651 SI STO/SBC/SS1 debounce time (Control Unit)
® p9851 SI STO/SBC/SS1 debounce time (Motor Module)
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Controlling the safety functions

7.3 Control of "STO" and "SS 1" via terminals on the Conftrol Unit and the Motor/Power Module

7.3.2 Control of "STO" and "SS1" for SINAMICS G130

Description

The safety functions contained in the standard ("Safe Torque Off" and "Safe Stop 1") can be
used with the power module.

Note

Refer to the circuit diagrams enclosed for the interconnections for your device.

Note

The Safety functions must be activated prior to use via parameter assignment. An
acceptance test must be performed and an acceptance log must be created.

The following Safety Integrated Basic Functions (terms and definitions in accordance with
IEC 61800-5-2) can be activated:

e Safe Torque Off (STO)
e Safe Stop 1 (SS1) (time controlled)

Note

The integrated safety functions, starting from the Safety Integrated (Sl) input terminals of the
SINAMICS components (Control Unit, Motor Module), satisfy the requirements of

EN 61800-5-2, EN 60204-1, and DIN EN ISO 13849-1 category 3 (formerly EN 954-1), as
well as the requirements for Performance Level (PL) d and IEC 61508 SIL2.

In addition, most of the SINAMICS safety functions have been certified by independent
institutes. An up-to-date list of certified components is available on request from your local
Siemens office.

Recommended application
This variant is used when:
e Activation will be executed optically isolated with a voltage of 24 V DC.
e Working with control lines that are shorter than 30 m.

e When devices are used in plants with low spatial elongation
(watch out for the drop in voltage at 24 V DC!).
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Controlling the safety functions

7.3 Control of "STO" and "SS1" via terminals on the Control Unit and the Mofor/Power Module

Principle of operation

A digital input on the Control Unit controls the first shutdown path of the integrated safety
functions; digital inputs DIO to D17, DI16, DI17, DI20 and DI21 are available for this purpose.

The second shutdown path for the integrated safety functions is activated via the terminals
(-X41:1, -X42:2) on the Control Interface module of the Power Module.

The selection and deselection must be simultaneous. The time delay that is unavoidable due
to mechanical switch processes, for example, can be adapted via parameters. p9850/p9650
specifies the tolerance time within which selection/deselection of the two monitoring
channels must take place to count as "simultaneous".

The selection of the safety function on the Control Unit and on the Control Interface Module
of the Power Module must be executed over two channels. A switch in accordance with ISO
13850/ EN 418, positive opening in accordance with EC 60947-5-1, or a certified safety
controller must be used as activation element.

/\DANGER

Responsibility for selecting the correct activation element for the purpose of compliance of
the overall system with the required standard (DIN EN ISO 13849-1 (formerly EN954-1)
Cat. 3 PL d or DIN EN 61508 SIL2) rests with the user.

Terminal strip —X41 on the Control Interface Module of the Power Module

Safety Integrated

Table 7-5  Terminal strip —X41 on the Control Interface Module of the Power Module

Terminal | Function Technical data
-X41:2 EP +24V (enable pulses) Supply voltage: 24 V DC (20.4 V - 28.8 V)
-X41:1 | EP M1 (Enable Pulses) Power consumption: 10 mA

Signal propagation times:

L—-H100 ps

H - L: 1000 ps
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Controlling the safety functions

7.3 Control of "STO" and "SS 1" via terminals on the Conftrol Unit and the Motor/Power Module

Terminal strip = X122 on the CU320-2 control unit

Table 7-6  Terminal strip —X122 on the CU320-2 control unit

Terminal Designation " Technical data
. DQ 1 DI O Voltage: -30 ... +30 V DC
2 DI 1 Typical power consumption: 9 mA at 24 V
Og Electrical isolation: The reference potential is terminal M1
L,_(— 8 3 DI 2 ) i
O Level (incl. ripple)
~( O [4 DI 3 High level: 15... 30 V
U(—Og_ 5 DI 16 Low level: -30 ... +5 V
6 DI 17 Input delay (typ.):
0"(—0% For "0" - "1": 50 s
O For"1" - "0": 150 ps
CD(_O 7 M1 Reference potential for terminal 1 ... 6
— (_0 8 M Ground
S 0 9 DI/DO 8 As input:
n@sn 10 DI/DO 9 Voltage: -30 ... +30 V DC
,G DQ 1 M Typical power consumption: 9 mA at 24 V
- Level (incl. ripple
L-'-Jgo 12 DI/DO 10 High |<(ave|- 1gp gao v
O g 215 ..
i 13 DI/DO 11 Low level: -30 ... +5 V
14 M DI/DO 8, 9, 10, and 11 are "rapid inputs" 2

Input delay (typ.)

For"0" - "1": 5 ps

For"1" - "0": 50 ys

As output:

Voltage: 24 V DC

Max. load current per output: 500 mA
Continuous short-circuit proof
Output delay (typ./max.) 3):

For "0" - "1": 150 ps / 400 ps
For"1" - "0": 75 pus / 100 ps
Switching frequency:

For resistive load: Max. 100 Hz
For inductive load: Max. 0.5 Hz
For lamp load: Max. 10 Hz
Maximum lamp load: 5 W

Max. connectable cross-section: 1.5 mm?2

1) DI: Digital input; DI/DO: bidirectional digital input/output; M: electronics ground; M1: ground reference:
2 The rapid inputs can be used as probe inputs or as inputs for the external zero mark
3) Data for: Vec = 24 V; Load 48 Q; High ("1") = 90 % Vout; Low ("0") = 10 % Vout
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Controlling the safety functions

7.3 Control of "STO" and "SS1" via terminals on the Control Unit and the Mofor/Power Module

NOTICE

An open input is interpreted as "low".
To enable the digital inputs (DI) to function, terminal M1 must be connected.

This is achieved by:
1. providing the reference ground of the digital inputs, or
2. ajumper to terminal M.

This removes the electrical isolation for these digital inputs.

Note
If the 24 V supply is briefly interrupted, the digital outputs are deactivated for this time.
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7.3 Control of "STO" and "SS 1" via terminals on the Conftrol Unit and the Motor/Power Module

Terminal strip = X132 on the CU320-2 control unit

Table 7-7  Terminal strip —X132 on the CU320-2 control unit

Terminal Designation " Technical data
. DQ 1 DI 4 Voltage: -30 ... +30 V DC
2 DI 5 Typical power consumption: 9 mA at 24 V
Og Electrical isolation: reference potential is M2 terminal
L,_(— 8 3 DI 6 . i
O Level (incl. ripple)
~( o8] 14 bl 7 High level: 15 ... 30 V
U(—Og_ 5 DI 20 Low level: -30 ... +5 V
6 DI 21 Input delay (typ.):
0"(—0% For "0" - "1": 50 s
O For"1" - "0": 150 ps
CD(_O 7 M2 Reference potential for terminal 1 ... 6
— (_0 8 M Ground
S 0 9 DI/DO 12 As input:
n@sn 10 DIDO 13 Voltage: -30 ... +30 V DC
,G DQ 1 M Typical power consumption: 9 mA at 24 V
- Level (incl. ripple
L-'-Jgo 12 DI/DO 14 High I((avel' 1gp %o Y
O g 215 ..
i 13 DI/DO 15 Low level: -30 ... +5 V
14 M DI/DO 12, 13, 14, and 15 are "rapid inputs" 2

Input delay (typ.):

For"0" - "1": 5 us

For "1" - "0": 50 ps

As output:

Voltage: 24 V DC

Max. load current per output: 500 mA
Continuous short-circuit proof
Output delay (typ./max.) 3):

For "0" - "1": 150 ps / 400 ps
For "1" - "0": 75 pus / 100 ps
Switching frequency:

For resistive load: Max. 100 Hz
For inductive load: Max. 0.5 Hz
For lamp load: Max. 10 Hz
Maximum lamp load: 5 W

Max. connectable cross-section: 1.5 mm?2

1) DI digital input; DI/DO: Bidirectional digital input/output; M: Electronics ground; M2: Reference ground
2 The rapid inputs can be used as probe inputs or as inputs for the external zero mark
3) Data for: Vec = 24 V; Load 48 Q; High ("1") = 90 % Vout; Low ("0") = 10 % Vout

Safety Integrated
168 Function Manual, 03/2011, ASE03264275A



Controlling the safety functions
7.3 Control of "STO" and "SS1" via terminals on the Control Unit and the Motor/Power Module

NOTICE

An open input is interpreted as "low".
To enable the digital inputs (DI) to function, terminal M2 must be connected.
This is achieved by:

1. providing the reference ground of the digital inputs, or
2. ajumper to terminal M.

This removes the electrical isolation for these digital inputs.

Note
If the 24 V supply is briefly interrupted, the digital outputs are deactivated for this time.

Wiring
The control cables should be permanently routed (e.g. cable duct, retained using cable ties).
Signal cables and encoder cables should be installed separated from one another.

The shields of the control cables should be grounded through the largest possible surface
area immediately after they enter the control cabinet.

Outside the control cabinet, the cables must be routed in such a way that they are safe to
walk on (e.g. as specified in IEC 60204-1).
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7.3 Control of "STO" and "SS 1" via terminals on the Conftrol Unit and the Motor/Power Module

7.3.3 Control of "STO" and "SS1" for SINAMICS G150

Description

The activation of the safety functions already contained in the standard (i.e., "Safe Torque
Off" and "Safe Stop 1") can also be used without option K82.

Note

Refer to the circuit diagrams enclosed for the interconnections for your device.

Note

The Safety functions must be activated prior to use via parameter assignment. An
acceptance test must be performed and an acceptance log must be created.

The following Safety Integrated Basic Functions (terms and definitions in accordance with
IEC 61800-5-2) can be activated:

e Safe Torque Off (STO)
e Safe Stop 1 (SS1) (time controlled)

Note

The integrated safety functions, starting from the Safety Integrated (Sl) input terminals of the
SINAMICS components (Control Unit, Motor Module), satisfy the requirements of

EN 61800-5-2, EN 60204-1, and DIN EN ISO 13849-1 category 3 (formerly EN 954-1), as
well as the requirements for Performance Level (PL) d and IEC 61508 SIL2.

In addition, most of the SINAMICS safety functions have been certified by independent
institutes. An up-to-date list of certified components is available on request from your local
Siemens office.

Recommended application
This variant is used when:
e Activation will be executed optically isolated with a voltage of 24 V DC.
e Working with control lines that are shorter than 30 m.

e When devices are used in plants with low spatial elongation (watch out for the drop in
voltage at 24 V DC!).
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Controlling the safety functions
7.3 Control of "STO" and "SS1" via terminals on the Control Unit and the Motor/Power Module

Principle of operation

A digital input on the Control Unit controls the first shutdown path of the integrated safety
functions; digital inputs DIO to D17, DI16, DI17, DI20 and DI21 are available for this purpose.

The second shutdown path for the integrated safety functions is activated via the terminals
(-X41:1, -X42:2) on the Control Interface module of the Power Module.

Note

Additional inputs must be activated in the following cabinet units (automatic synchronizers):
- an additional digital input on the CU320-2 and

- the terminals (-X41:1, -X42:2) on the Control Interface Module of the second Power
Module, which is connected in parallel.

e For 3 AC 380 to 480 V:

6SL3710-2GE41-1AAx, 6SL3710-2GE41-4AAx, 6SL3710-2GE41-6AAX
e For 3 AC 500 to 600 V:

6SL3710-2GF38-6AAXx, 6SL3710-2GF41-1AAx, 6SL3710-2GF41-4AAX

e For 3 AC 660 to 690 V:
6SL3710-2GH41-1AAx, 6SL3710-2GH41-4AAX, 6SL3710-2GH41-5AAX

The selection and deselection must be simultaneous. The time delay that is unavoidable due
to mechanical switch processes, for example, can be adapted via parameters. p9850/p9650
specifies the tolerance time within which selection/deselection of the two monitoring
channels must take place to count as "simultaneous".

The selection of the safety function on the Control Unit and on the Control Interface Module
of the Power Module must be executed over two channels. A switch in accordance with ISO
13850/ EN 418, positive opening in accordance with EC 60947-5-1, or a certified safety
controller must be used as activation element.

/\DANGER

Responsibility for selecting the correct activation element for the purpose of compliance of
the overall system with the required standard (DIN EN ISO 13849-1 (formerly EN954-1)
Cat. 3 PL d or DIN EN 61508 SIL2) rests with the user.

Terminal strip —X41 on the Control Interface Module of the Power Module

Table 7-8  Terminal strip —X41 on the Control Interface Module of the Power Module

Terminal | Function Technical data
-X41:2 EP +24V (enable pulses) Supply voltage: 24 V DC (20.4 V...28.8 V)
-X41:1 | EP M1 (Enable Pulses) Power consumption: 10 mA

Signal propagation times:

L~ H100 ps

H - L: 1000 ps
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7.3 Control of "STO" and "SS 1" via terminals on the Conftrol Unit and the Motor/Power Module

Terminal strip = X122 on the CU320-2 control unit

Table 7-9  Terminal strip —X122 on the CU320-2 control unit

Terminal Designation " Technical data
. DQ 1 DI O Voltage: -30 ... +30 V DC
2 DI 1 Typical power consumption: 9 mA at 24 V
Og Electrical isolation: The reference potential is terminal M1
w( |8 [3 DI 2 Al 180
O Level (incl. ripple)
~( O [4 DI 3 High level: 15... 30 V
U(—Og_ 5 DI 16 Low level: -30 ... +5 V
6 DI 17 Input delay (typ.):
0"(—0% For "0" - "1": 50 s
O For"1" - "0": 150 ps
CD(_O 7 M1 Reference potential for terminals 1 ... 6
— (_0 8 M Ground
S 0 9 DI/DO 8 As input:
n@sn 10 DI/DO 9 Voltage: DC -30 to +30 V
,G DQ 1 M Typical power consumption: 9 mA at 24 V
- Level (incl. ripple
L-'-Jgo 12 DI/DO 10 High |<(ave|- 1gp gao v
O g 215 ..
i 13 DI/DO 11 Low level: -30 ... +5 V
14 M DI/DO 8, 9, 10, and 11 are "rapid inputs" 2

Input delay (typ.)

For"0" - "1": 5 ps

For"1" - "0": 50 ys

As output:

Voltage: 24 V DC

Max. load current per output: 500 mA
Continuous short-circuit proof
Output delay (typ./max.) 3):

For "0" - "1": 150 ps / 400 ps
For"1" - "0": 75 pus / 100 ps
Switching frequency:

For resistive load: Max. 100 Hz
For inductive load: Max. 0.5 Hz
For lamp load: Max. 10 Hz
Maximum lamp load: 5 W

Max. connectable cross-section: 1.5 mm?2

1) DI: Digital input; DI/DO: bidirectional digital input/output; M: electronics ground; M1: ground reference:
2 The rapid inputs can be used as probe inputs or as inputs for the external zero mark
3) Data for: Vec = 24 V; Load 48 Q; High ("1") = 90 % Vout; Low ("0") = 10 % Vout
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Controlling the safety functions

7.3 Control of "STO" and "SS1" via terminals on the Control Unit and the Mofor/Power Module

NOTICE

An open input is interpreted as "low".
To enable the digital inputs (DI) to function, terminal M1 must be connected.

This is achieved by:
1. providing the reference ground of the digital inputs, or
2. ajumper to terminal M.

This removes the electrical isolation for these digital inputs.

Note
If the 24 V supply is briefly interrupted, the digital outputs are deactivated for this time.
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7.3 Control of "STO" and "SS 1" via terminals on the Conftrol Unit and the Motor/Power Module

Terminal strip = X132 on the CU320-2 control unit

Table 7- 10  Terminal strip —X132 on the CU320-2 control unit

Terminal Designation " Technical data
. DQ 1 DI 4 Voltage: -30 ... +30 V DC
2 DI 5 Typical power consumption: 9 mA at 24 V
Og Electrical isolation: reference potential is M2 terminal
L,_(— 8 3 DI 6 . i
O Level (incl. ripple)
~( o8] 14 bl 7 High level: 15 ... 30 V
U(—Og_ 5 DI 20 Low level: -30 ... +5 V
6 DI 21 Input delay (typ.):
0"(—0% For "0" - "1": 50 s
O For"1" - "0": 150 ps
CD(_O 7 M2 Reference potential for terminal 1 ... 6
— (_0 8 M Ground
S 0 9 DI/DO 12 As input:
n@sn 10 DIDO 13 Voltage: -30 ... +30 V DC
,G DQ 1 M Typical power consumption: 9 mA at 24 V
- Level (incl. ripple
L-'-Jgo 12 DI/DO 14 High I((avel' 1gp %o Y
O g 215 ..
i 13 DI/DO 15 Low level: -30 ... +5 V
14 M DI/DO 12, 13, 14, and 15 are "rapid inputs" 2

Input delay (typ.):

For"0" - "1": 5 us

For "1" - "0": 50 ps

As output:

Voltage: 24 V DC

Max. load current per output: 500 mA
Continuous short-circuit proof
Output delay (typ./max.) 3):

For "0" - "1": 150 ps / 400 ps
For "1" - "0": 75 pus / 100 ps
Switching frequency:

For resistive load: Max. 100 Hz
For inductive load: Max. 0.5 Hz
For lamp load: Max. 10 Hz
Maximum lamp load: 5 W

Max. connectable cross-section: 1.5 mm?2

1) DI: Digital input; DI/DO: Bidirectional digital input/output; M: Electronics ground; M2: Reference ground
2 The rapid inputs can be used as probe inputs or as inputs for the external zero mark
3) Data for: Vec = 24 V; Load 48 Q; High ("1") = 90 % Vout; Low ("0") = 10 % Vout
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Controlling the safety functions
7.3 Control of "STO" and "SS1" via terminals on the Control Unit and the Motor/Power Module

NOTICE

An open input is interpreted as "low".
To enable the digital inputs (DI) to function, terminal M2 must be connected.
This is achieved by:

1. providing the reference ground of the digital inputs, or
2. ajumper to terminal M.

This removes the electrical isolation for these digital inputs.

Note
If the 24 V supply is briefly interrupted, the digital outputs are deactivated for this time.

Wiring
The control cables should be permanently routed (e.g. cable duct, retained using cable ties).
Signal cables and encoder cables should be installed separated from one another.

The shields of the control cables should be grounded through the largest possible surface
area immediately after they enter the control cabinet.

Outside the control cabinet, the cables must be routed in such a way that they are safe to
walk on (e.g. as specified in IEC 60204-1).
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7.3 Control of "STO" and "SS 1" via terminals on the Conftrol Unit and the Motor/Power Module

7.3.4 Control of "STO" and "SS1" for SINAMICS S120 Chassis

Description

The safety functions contained in the standard ("Safe Torque Off" and "Safe Stop 1") can be
used with the Motor Module.

Note

Refer to the circuit diagrams enclosed for the interconnections for your device.

Note

The Safety functions must be activated prior to use via parameter assignment. An
acceptance test must be performed and an acceptance log must be created.

The following Safety Integrated Basic Functions (terms and definitions in accordance with
IEC 61800-5-2) can be activated:

e Safe Torque Off (STO)
e Safe Stop 1 (SS1) (time controlled)

Note

The integrated safety functions, starting from the Safety Integrated (Sl) input terminals of the
SINAMICS components (Control Unit, Motor Module), satisfy the requirements of

EN 61800-5-2, EN 60204-1, and DIN EN ISO 13849-1 category 3 (formerly EN 954-1), as
well as the requirements for Performance Level (PL) d and IEC 61508 SIL2.

In addition, most of the SINAMICS safety functions have been certified by independent
institutes. An up-to-date list of certified components is available on request from your local
Siemens office.

Recommended application
This variant is used when:
e Activation will be executed optically isolated with a voltage of 24 V DC.
e Working with control lines that are shorter than 30 m.

e When devices are used in plants with low spatial elongation (watch out for the drop in
voltage at 24 V DC!).
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7.3 Control of "STO" and "SS1" via terminals on the Control Unit and the Mofor/Power Module

Principle of operation

A digital input on the Control Unit controls the first shutdown path of the integrated safety
functions; digital inputs DIO to D17, DI16, DI17, DI20 and DI21 are available for this purpose.

The second shutdown path for the integrated safety functions is activated using the terminals
(-X41:1, -X42:2) on the Control Interface Module of the Power Module.

The selection and deselection must be simultaneous. The time delay that is unavoidable due
to mechanical switch processes, for example, can be adapted via parameters. p9850/p9650
specifies the tolerance time within which selection/deselection of the two monitoring
channels must take place to count as "simultaneous".

The selection of the safety function on the control unit and on the motor module must be
executed over two channels. A switch in accordance with ISO 13850/ EN 418, positive
opening in accordance with EC 60947-5-1, or a certified safety controller must be used as
activation element.

/\DANGER

Responsibility for selecting the correct activation element for the purpose of compliance of
the overall system with the required standard (DIN EN ISO 13849-1 (formerly EN954-1)
Cat. 3 PL d or DIN EN 61508 SIL2) rests with the user.

Terminal strip —X41 on the Control Interface Module of the chassis Motor Module

Table 7- 11

Terminal strip —X41 on the Control Interface Module of the chassis Motor Module

Terminal

Function

Technical data

-X41:2

EP +24V (enable pulses)

-X41:1

EP M1 (Enable Pulses)

Supply voltage: 24 V DC (20.4 V...28.8 V)
Power consumption: 10 mA

Signal propagation times:

L—-H100 ps

H - L: 1000 ps
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7.3 Control of "STO" and "SS 1" via terminals on the Conftrol Unit and the Motor/Power Module

Terminal strip = X122 on the CU320-2 control unit

Table 7- 12 Terminal strip —X122 on the CU320-2 control unit

Terminal Designation " Technical data
. DQ 1 DI O Voltage: -30 ... +30 V DC
2 DI 1 Typical power consumption: 9 mA at 24 V
Og Electrical isolation: The reference potential is terminal M1
w( |8 [3 DI 2 Al 180
O Level (incl. ripple)
~( O [4 DI 3 High level: 15... 30 V
U(—Og_ 5 DI 16 Low level: -30 ... +5 V
6 DI 17 Input delay (typ.):
0"(—0% For "0" - "1": 50 s
O For"1" - "0": 150 ps
CD(_O 7 M1 Reference potential for terminals 1 ... 6
— (_0 8 M Ground
S 0 9 DI/DO 8 As input:
n@sn 10 DI/DO 9 Voltage: DC -30 to +30 V
,G DQ 1 M Typical power consumption: 9 mA at 24 V
- Level (incl. ripple
L-'-Jgo 12 DI/DO 10 High |<(ave|- 1gp gao v
O g 215 ..
i 13 DI/DO 11 Low level: -30 ... +5 V
14 M DI/DO 8, 9, 10, and 11 are "rapid inputs" 2

Input delay (typ.)

For"0" - "1": 5 ps

For"1" - "0": 50 ys

As output:

Voltage: 24 V DC

Max. load current per output: 500 mA
Continuous short-circuit proof
Output delay (typ./max.) 3):

For "0" - "1": 150 ps / 400 ps
For"1" - "0": 75 pus / 100 ps
Switching frequency:

For resistive load: Max. 100 Hz
For inductive load: Max. 0.5 Hz
For lamp load: Max. 10 Hz
Maximum lamp load: 5 W

Max. connectable cross-section: 1.5 mm?2

1) DI: Digital input; DI/DO: Bidirectional digital input/output; M: Electronics ground; M1: Reference ground
2 The rapid inputs can be used as probe inputs or as inputs for the external zero mark
3) Data for: Vec = 24 V; Load 48 Q; High ("1") = 90 % Vout; Low ("0") = 10 % Vout
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7.3 Control of "STO" and "SS1" via terminals on the Control Unit and the Mofor/Power Module

NOTICE

An open input is interpreted as "low".
To enable the digital inputs (DI) to function, terminal M1 must be connected.

This is achieved by:
1. providing the reference ground of the digital inputs, or
2. ajumper to terminal M.

This removes the electrical isolation for these digital inputs.

Note
If the 24 V supply is briefly interrupted, the digital outputs are deactivated for this time.
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7.3 Control of "STO" and "SS 1" via terminals on the Conftrol Unit and the Motor/Power Module

Terminal strip = X132 on the CU320-2 control unit

Table 7- 13 Terminal strip —X132 on the CU320-2 control unit

Terminal Designation " Technical data
. DQ 1 DI 4 Voltage: -30 ... +30 V DC
2 DI 5 Typical power consumption: 9 mA at 24 V
Og Electrical isolation: reference potential is M2 terminal
L,_(— 8 3 DI 6 . i
O Level (incl. ripple)
~( o8] 14 bl 7 High level: 15 ... 30 V
U(—Og_ 5 DI 20 Low level: -30 ... +5 V
6 DI 21 Input delay (typ.):
0"(—0% For "0" - "1": 50 s
O For"1" - "0": 150 ps
CD(_O 7 M2 Reference potential for terminal 1 ... 6
— (_0 8 M Ground
S 0 9 DI/DO 12 As input:
n@sn 10 DIDO 13 Voltage: -30 ... +30 V DC
,G DQ 1 M Typical power consumption: 9 mA at 24 V
- Level (incl. ripple
L-'-Jgo 12 DI/DO 14 High I((avel' 1gp %o Y
O g 215 ..
i 13 DI/DO 15 Low level: -30 ... +5 V
14 M DI/DO 12, 13, 14, and 15 are "rapid inputs" 2

Input delay (typ.):

For"0" - "1": 5 us

For "1" - "0": 50 ps

As output:

Voltage: 24 V DC

Max. load current per output: 500 mA
Continuous short-circuit proof
Output delay (typ./max.) 3):

For "0" - "1": 150 ps / 400 ps
For "1" - "0": 75 pus / 100 ps
Switching frequency:

For resistive load: Max. 100 Hz
For inductive load: Max. 0.5 Hz
For lamp load: Max. 10 Hz
Maximum lamp load: 5 W

Max. connectable cross-section: 1.5 mm?2

1) DI: Digital input; DI/DO: Bidirectional digital input/output; M: Electronics ground; M2: Reference ground
2 The rapid inputs can be used as probe inputs or as inputs for the external zero mark
3) Data for: Vec = 24 V; Load 48 Q; High ("1") = 90 % Vout; Low ("0") = 10 % Vout
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Controlling the safety functions

Wiring

Safety Integrated

7.3 Control of "STO" and "SS1" via terminals on the Control Unit and the Mofor/Power Module

NOTICE

An open input is interpreted as "low".
To enable the digital inputs (DI) to function, terminal M2 must be connected.
This is achieved by:

1. providing the reference ground of the digital inputs, or
2. ajumper to terminal M.

This removes the electrical isolation for these digital inputs.

Note
If the 24 V supply is briefly interrupted, the digital outputs are deactivated for this time.

The control cables should be permanently routed (e.g. cable duct, retained using cable ties).
Signal cables and encoder cables should be installed separated from one another.

The shields of the control cables should be grounded through the largest possible surface
area immediately after they enter the control cabinet.

Outside the control cabinet, the cables must be routed in such a way that they are safe to
walk on (e.g. as specified in IEC 60204-1).
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7.3 Control of "STO" and "SS 1" via terminals on the Conftrol Unit and the Motor/Power Module

7.35 Control of "STO" and "SS1" for SINAMICS S120 Cabinet Modules

Description

The activation of the safety functions already contained in the standard (i.e., "Safe Torque
Off" and "Safe Stop 1") can also be used without option K82.

Note

Refer to the circuit diagrams enclosed for the interconnections for your device.

Note

The Safety functions must be activated prior to use via parameter assignment. An
acceptance test must be performed and an acceptance log must be created.

The following Safety Integrated Basic Functions (terms and definitions in accordance with
IEC 61800-5-2) can be activated:

e Safe Torque Off (STO)
e Safe Stop 1 (SS1) (time controlled)

Note

The integrated safety functions, starting from the Safety Integrated (Sl) input terminals of the
SINAMICS components (Control Unit, Motor Module), satisfy the requirements of

EN 61800-5-2, EN 60204-1, and DIN EN ISO 13849-1 category 3 (formerly EN 954-1), as
well as the requirements for Performance Level (PL) d and IEC 61508 SIL2.

In addition, most of the SINAMICS safety functions have been certified by independent
institutes. An up-to-date list of certified components is available on request from your local
Siemens office.

Recommended application
This variant is used when:
e Activation will be executed optically isolated with a voltage of 24 V DC.
e Working with control lines that are shorter than 30 m.

e When devices are used in plants with low spatial elongation (watch out for the drop in
voltage at 24 V DC!).

Principle of operation

A digital input on the Control Unit controls the first shutdown path of the integrated safety
functions; digital inputs DIO to DI7, DI16, DI17, DI20 and DI21 are available for this purpose.
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Controlling the safety functions
7.3 Control of "STO" and "SS1" via terminals on the Control Unit and the Motor/Power Module

Chassis Motor Module

® The second shutdown path for the integrated safety functions is activated using the
terminals (-X41:1, -X42:2) on the Control Interface Module of the Power Module.

Booksize Cabinet Kit

® The second shutdown path for the integrated safety functions is activated using the
terminals (-X21:3, -X21:4) on the booksize Motor Module.
In the case of a booksize Double Motor Module, terminals -X22:3 and -X22:4 are at the
disposal of the second motor connection for the activation of the second shutdown path.

The selection and deselection must be simultaneous. The time delay that is unavoidable due
to mechanical switch processes, for example, can be adapted via parameters. p9850/p9650
specifies the tolerance time within which selection/deselection of the two monitoring
channels must take place to count as "simultaneous".

The selection of the safety function on the control unit and on the motor module must be
executed over two channels. A switch in accordance with ISO 13850/ EN 418, positive
opening in accordance with EC 60947-5-1, or a certified safety controller must be used as
activation element.

/\DANGER

Responsibility for selecting the correct activation element for the purpose of compliance of
the overall system with the required standard (DIN EN ISO 13849-1 (formerly EN954-1)
Cat. 3 PL d or DIN EN 61508 SIL2) rests with the user.

Terminal strip —X41 on the Control Interface Module of the chassis Motor Module

Table 7- 14  Terminal strip —X41 on the Control Interface Module of the chassis Motor Module

Terminal | Function Technical data
-X41:2 EP +24V (enable pulses) Supply voltage: 24 V DC (20.4 V...28.8 V)
-X41:1 | EP M1 (Enable Pulses) Power consumption: 10 mA

Signal propagation times:

L—-H100 ps

H - L: 1000 ps

Terminal strip —X21/-X22 on the Control Interface Module of the booksize Motor Module

Table 7- 15  Terminal strip —X21/-X22 on the Control Interface Module of the booksize Motor Module

Terminal | Function Technical data
-X21:3 EP +24V (enable pulses) Supply voltage: 24 V DC (20.4 V...28.8 V)
-X22:3 Power consumption: 10 mA
-X21:4 EP M1 (Enable Pulses) Signal propagation times:
-X22:4 L - H 100 ps
H - L: 1000 ps
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7.3 Control of "STO" and "SS 1" via terminals on the Conftrol Unit and the Motor/Power Module

Terminal strip = X122 on the CU320-2 control unit

Table 7- 16 Terminal strip —X122 on the CU320-2 control unit

Terminal Designation " Technical data
. DQ 1 DI O Voltage: -30 ... +30 V DC
2 DI 1 Typical power consumption: 9 mA at 24 V
Og Electrical isolation: The reference potential is terminal M1
w( |8 [3 DI 2 Al 180
O Level (incl. ripple)
~( O [4 DI 3 High level: 15... 30 V
U(—Og_ 5 DI 16 Low level: -30 ... +5 V
6 DI 17 Input delay (typ.):
0"(—0% For "0" - "1": 50 s
O For"1" - "0": 150 ps
CD(_O 7 M1 Reference potential for terminals 1 ... 6
— (_0 8 M Ground
S 0 9 DI/DO 8 As input:
n@sn 10 DI/DO 9 Voltage: DC -30 to +30 V
,G DQ 1 M Typical power consumption: 9 mA at 24 V
- Level (incl. ripple
L-'-Jgo 12 DI/DO 10 High |<(ave|- 1gp gao v
O g 215 ..
i 13 DI/DO 11 Low level: -30 ... +5 V
14 M DI/DO 8, 9, 10, and 11 are "rapid inputs" 2

Input delay (typ.)

For"0" - "1": 5 ps

For"1" - "0": 50 ys

As output:

Voltage: 24 V DC

Max. load current per output: 500 mA
Continuous short-circuit proof
Output delay (typ./max.) 3):

For "0" - "1": 150 ps / 400 ps
For"1" - "0": 75 pus / 100 ps
Switching frequency:

For resistive load: Max. 100 Hz
For inductive load: Max. 0.5 Hz
For lamp load: Max. 10 Hz
Maximum lamp load: 5 W

Max. connectable cross-section: 1.5 mm?2

1) DI: Digital input; DI/DO: Bidirectional digital input/output; M: Electronics ground; M1: reference ground
2 The rapid inputs can be used as probe inputs or as inputs for the external zero mark
3) Data for: Vec = 24 V; Load 48 Q; High ("1") = 90 % Vout; Low ("0") = 10 % Vout
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7.3 Control of "STO" and "SS1" via terminals on the Control Unit and the Mofor/Power Module

NOTICE

An open input is interpreted as "low".
To enable the digital inputs (DI) to function, terminal M1 must be connected.

This is achieved by:
1. providing the reference ground of the digital inputs, or
2. ajumper to terminal M.

This removes the electrical isolation for these digital inputs.

Note
If the 24 V supply is briefly interrupted, the digital outputs are deactivated for this time.
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7.3 Control of "STO" and "SS 1" via terminals on the Conftrol Unit and the Motor/Power Module

Terminal strip —X132 on the CU320-2 Control Unit

Table 7- 17  Terminal strip —X132 on the CU320-2 Control Unit

Terminal Designation " Technical data
. DQ 1 DI 4 Voltage: -30 ... +30 V DC
2 DI 5 Typical power consumption: 9 mA at 24 V
Og Electrical isolation: reference potential is M2 terminal
L,_(— 8 3 DI 6 . i
O Level (incl. ripple)
~( o8] 14 bl 7 High level: 15 ... 30 V
U(—Og_ 5 DI 20 Low level: -30 ... +5 V
6 DI 21 Input delay (typ.):
0"(—0% For "0" - "1": 50 s
O For"1" - "0": 150 ps
CD(_O 7 M2 Reference potential for terminal 1 ... 6
— (_0 8 M Ground
S 0 9 DI/DO 12 As input:
n@sn 10 DIDO 13 Voltage: -30 ... +30 V DC
,G DQ 1 M Typical power consumption: 9 mA at 24 V
- Level (incl. ripple
L-'-Jgo 12 DI/DO 14 High I((avel' 1gp %o Y
O g 215 ..
i 13 DI/DO 15 Low level: -30 ... +5 V
14 M DI/DO 12, 13, 14, and 15 are "rapid inputs" 2

Input delay (typ.):

For"0" - "1": 5 us

For "1" - "0": 50 ps

As output:

Voltage: 24 V DC

Max. load current per output: 500 mA
Continuous short-circuit proof
Output delay (typ./max.) 3):

For "0" - "1": 150 ps / 400 ps
For "1" - "0": 75 pus / 100 ps
Switching frequency:

For resistive load: Max. 100 Hz
For inductive load: Max. 0.5 Hz
For lamp load: Max. 10 Hz
Maximum lamp load: 5 W

Max. connectable cross-section: 1.5 mm?2

1) DI: Digital input; DI/DO: Bidirectional digital input/output; M: Electronics ground; M2: Reference ground
2 The rapid inputs can be used as probe inputs or as inputs for the external zero mark
3) Data for: Vec = 24 V; Load 48 Q; High ("1") = 90 % Vout; Low ("0") = 10 % Vout
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7.3 Control of "STO" and "SS1" via terminals on the Control Unit and the Motor/Power Module

NOTICE

An open input is interpreted as "low".
To enable the digital inputs (DI) to function, terminal M2 must be connected.
This is achieved by:

1. providing the reference ground of the digital inputs, or
2. ajumper to terminal M.

This removes the electrical isolation for these digital inputs.

Note
If the 24 V supply is briefly interrupted, the digital outputs are deactivated for this time.

Wiring
The control cables should be permanently routed (e.g. cable duct, retained using cable ties).
Signal cables and encoder cables should be installed separated from one another.

The shields of the control cables should be grounded through the largest possible surface
area immediately after they enter the control cabinet.

Outside the control cabinet the cables must be routed in such a way that they are safe to
walk on (e.g. as specified in IEC 60204-1).
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7.3 Control of "STO" and "SS 1" via terminals on the Conftrol Unit and the Motor/Power Module

7.3.6 Control of "STO" and "SS1" for SINAMICS S150

Description

The activation of the safety functions already contained in the standard (i.e., "Safe Torque
Off" and "Safe Stop 1") can also be used without option K82.

Note

Refer to the circuit diagrams enclosed for the interconnections for your device.

Note

The Safety functions must be activated prior to use via parameter assignment. An
acceptance test must be performed and an acceptance log must be created.

The following Safety Integrated Basic Functions (terms and definitions in accordance with
IEC 61800-5-2) can be activated:

e Safe Torque Off (STO)
e Safe Stop 1 (SS1) (time controlled)

Note

The integrated safety functions, starting from the Safety Integrated (Sl) input terminals of the
SINAMICS components (Control Unit, Motor Module), satisfy the requirements of

EN 61800-5-2, EN 60204-1, and DIN EN ISO 13849-1 category 3 (formerly EN 954-1), as
well as the requirements for Performance Level (PL) d and IEC 61508 SIL2.

In addition, most of the SINAMICS safety functions have been certified by independent
institutes. An up-to-date list of certified components is available on request from your local
Siemens office.

Recommended application
This variant is used when:
e Activation will be executed optically isolated with a voltage of 24 V DC.
e Working with control lines that are shorter than 30 m.

e When devices are used in plants with low spatial elongation (watch out for the drop in
voltage at 24 V DC!).
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7.3 Control of "STO" and "SS1" via terminals on the Control Unit and the Mofor/Power Module

Principle of operation

A digital input on the Control Unit controls the first shutdown path of the integrated safety
functions; digital inputs DIO to D17, DI16, DI17, DI20 and DI21 are available for this purpose.

The second shutdown path for the integrated safety functions is activated using the terminals
(-X41:1, -X42:2) on the Control Interface Module of the Power Module.

The selection and deselection must be simultaneous. The time delay that is unavoidable due
to mechanical switch processes, for example, can be adapted via parameters. p9850/p9650
specifies the tolerance time within which selection/deselection of the two monitoring
channels must take place to count as "simultaneous".

The selection of the safety function on the Control Unit and on the Control Interface Module
of the Motor Module must be executed over two channels. A switch in accordance with ISO
13850/ EN 418, positive opening in accordance with EC 60947-5-1, or a certified safety
controller must be used as activation element.

/\DANGER

Responsibility for selecting the correct activation element for the purpose of compliance of
the overall system with the required standard (DIN EN ISO 13849-1 (formerly EN954-1)
Cat. 3 PL d or DIN EN 61508 SIL2) rests with the user.

Terminal strip —X41 on the Control Interface Module of the Motor Module

Table 7- 18 Terminal strip —X41 on the Control Interface Module of the Motor Module

Terminal

Function

Technical data

-X41:2

EP +24V (enable pulses)

-X41:1

EP M1 (Enable Pulses)

Supply voltage: 24 V DC (20.4 V...28.8 V)
Power consumption: 10 mA

Signal propagation times:

L—-H100 ps

H - L: 1000 ps
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7.3 Control of "STO" and "SS 1" via terminals on the Conftrol Unit and the Motor/Power Module

Terminal strip = X122 on the CU320-2 control unit

Table 7- 19 Terminal strip —X122 on the CU320-2 control unit

Terminal Designation " Technical data
. DQ 1 DI O Voltage: -30 ... +30 V DC
2 DI 1 Typical power consumption: 9 mA at 24 V
Og Electrical isolation: The reference potential is terminal M1
w( |8 [3 DI 2 Al 180
O Level (incl. ripple)
~( O [4 DI 3 High level: 15... 30 V
U(—Og_ 5 DI 16 Low level: -30 ... +5 V
6 DI 17 Input delay (typ.):
0"(—0% For "0" - "1": 50 s
O For"1" - "0": 150 ps
CD(_O 7 M1 Reference potential for terminals 1 ... 6
— (_0 8 M Ground
S 0 9 DI/DO 8 As input:
n@sn 10 DI/DO 9 Voltage: DC -30 to +30 V
,G DQ 1 M Typical power consumption: 9 mA at 24 V
- Level (incl. ripple
L-'-Jgo 12 DI/DO 10 High |<(ave|- 1gp gao v
O g 215 ..
i 13 DI/DO 11 Low level: -30 ... +5 V
14 M DI/DO 8, 9, 10, and 11 are "rapid inputs" 2

Input delay (typ.)

For"0" - "1": 5 ps

For"1" - "0": 50 ys

As output:

Voltage: 24 V DC

Max. load current per output: 500 mA
Continuous short-circuit proof
Output delay (typ./max.) 3):

For "0" - "1": 150 ps / 400 ps
For"1" - "0": 75 pus / 100 ps
Switching frequency:

For resistive load: Max. 100 Hz
For inductive load: Max. 0.5 Hz
For lamp load: Max. 10 Hz
Maximum lamp load: 5 W

Max. connectable cross-section: 1.5 mm?2

1) DI: Digital input; DI/DO: Bidirectional digital input/output; M: Electronics ground; M1: reference ground
2 The rapid inputs can be used as probe inputs or as inputs for the external zero mark
3) Data for: Vec = 24 V; Load 48 Q; High ("1") = 90 % Vout; Low ("0") = 10 % Vout
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Controlling the safety functions

7.3 Control of "STO" and "SS1" via terminals on the Control Unit and the Mofor/Power Module

NOTICE

An open input is interpreted as "low".
To enable the digital inputs (DI) to function, terminal M1 must be connected.

This is achieved by:
1. providing the reference ground of the digital inputs, or
2. ajumper to terminal M.

This removes the electrical isolation for these digital inputs.

Note
If the 24 V supply is briefly interrupted, the digital outputs are deactivated for this time.
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7.3 Control of "STO" and "SS 1" via terminals on the Conftrol Unit and the Motor/Power Module

Terminal strip —X132 on the CU320-2 Control Unit

Table 7-20  Terminal strip —X132 on the CU320-2 Control Unit

Terminal Designation " Technical data
. DQ 1 DI 4 Voltage: -30 ... +30 V DC
2 DI 5 Typical power consumption: 9 mA at 24 V
Og Electrical isolation: reference potential is M2 terminal
L,_(— 8 3 DI 6 . i
O Level (incl. ripple)
~( o8] 14 bl 7 High level: 15 ... 30 V
U(—Og_ 5 DI 20 Low level: -30 ... +5 V
6 DI 21 Input delay (typ.):
0"(—0% For "0" - "1": 50 s
O For"1" - "0": 150 ps
CD(_O 7 M2 Reference potential for terminal 1 ... 6
— (_0 8 M Ground
S 0 9 DI/DO 12 As input:
n@sn 10 DIDO 13 Voltage: -30 ... +30 V DC
,G DQ 1 M Typical power consumption: 9 mA at 24 V
- Level (incl. ripple
L-'-Jgo 12 DI/DO 14 High I((avel' 1gp %o Y
O g 215 ..
i 13 DI/DO 15 Low level: -30 ... +5 V
14 M DI/DO 12, 13, 14, and 15 are "rapid inputs" 2

Input delay (typ.):

For"0" - "1": 5 us

For "1" - "0": 50 ps

As output:

Voltage: 24 V DC

Max. load current per output: 500 mA
Continuous short-circuit proof
Output delay (typ./max.) 3):

For "0" - "1": 150 ps / 400 ps
For "1" - "0": 75 pus / 100 ps
Switching frequency:

For resistive load: Max. 100 Hz
For inductive load: Max. 0.5 Hz
For lamp load: Max. 10 Hz
Maximum lamp load: 5 W

Max. connectable cross-section: 1.5 mm?2

1) DI: Digital input; DI/DO: Bidirectional digital input/output; M: Electronics ground; M2: Reference ground
2 The rapid inputs can be used as probe inputs or as inputs for the external zero mark
3) Data for: Vec = 24 V; Load 48 Q; High ("1") = 90 % Vout; Low ("0") = 10 % Vout
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Controlling the safety functions
7.3 Control of "STO" and "SS1" via terminals on the Control Unit and the Motor/Power Module

NOTICE

An open input is interpreted as "low".
To enable the digital inputs (DI) to function, terminal M2 must be connected.
This is achieved by:

1. providing the reference ground of the digital inputs, or
2. ajumper to terminal M.

This removes the electrical isolation for these digital inputs.

Note
If the 24 V supply is briefly interrupted, the digital outputs are deactivated for this time.

Wiring
The control cables should be permanently routed (e.g. cable duct, retained using cable ties).
Signal cables and encoder cables should be installed separated from one another.

The shields of the control cables should be grounded through the largest possible surface
area immediately after they enter the control cabinet.

Outside the control cabinet, the cables must be routed in such a way that they are safe to
walk on (e.g. as specified in IEC 60204-1).
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7.4 Activating "SBC" via the Safe Brake Adapter
741 Activating "SBC" via the Safe Brake Adapter for option K88 (230 V AC)
Description

The Safe Brake Control (SBC) is a safety function, which is used in safety-related
applications, e.g. in presses or in rolling mills. In the no-current condition, the brake acts on
the drive motor using spring force. The brake is released when current flows (=low active).

The Safe Brake Adapter 230 V AC is installed in the factory in the cabinet unit. Power is
connected to terminal -X12 on the Safe Brake Adapter. A connection between the Safe
Brake Adapter and the Control Interface module is established in the factory so that the Safe
Brake Adapter can be controlled.

For controlling the brake on the system-side, a connection must be established between
terminal -X14 on the Safe Brake Adapter and the brake.

Fast de-energization

For fast de-energization, DC brakes are in some cases operated with an upstream brake
rectifier (230 V AC on the input side). Some brake rectifier types feature two additional
connections for switching the brake load on the DC side. This allows the brake coil to be
quickly de-energized, i.e. the braking effect starts earlier.

The Safe Brake Adapter supports such a fast de-energization using the two additional
connections -X15:1 and -X15:2, which have been designed to control contactors. The relay
in turn is responsible for switching the brake current on the DC side. This function does not
belong to the safe brake control.

Note

The integrated safety functions, starting from the Safety Integrated (SI) input terminals of the
SINAMICS components (Control Unit, Motor Module), satisfy the requirements according to
EN 61800-5-2, EN 60204-1, DIN EN ISO 13849-1 Category 3 (formerly EN 954-1) for
Performance Level (PL) d and IEC 61508 SIL2.

With the Safe Brake Adapter (option K89), the requirements specified in EN 61800-5-2,
EN 60204-1, as well as in DIN EN ISO 13849-1 Category 3 (formerly EN954-1) are satisfied
for Performance Level (PL) d and IEC 61508 SIL 2.
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AWARN ING

If a 24 V DC brake is connected to option K88, Safe Brake Adapter 230 V AC on the
system side, then this can cause damage to the Safe Brake Adapter. The following
unwanted effects can be caused:

e Closing of the brake is not displayed using the LED.
e The fuse is ruptured.
e The contact service life of the relay is reduced.

Interfaces

-X12 -X14 -X15

F2 LED 230 v OK

LED K2 on

LED K1 on

-X11

Figure 7-7  Safe Brake Adapter interface overview 230 V AC
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Table 7-21  Terminal strip X12, 230 V AC power supply
Connection_| Signal Description
X121 L Supply voltage: 230 V AC
X12.2 N Current consumption: 2 A

Max. connectable cross-section 2.5 mm?2

Table 7- 22 Terminal block X14, interface to the load

Connection Signal Description
X14.1 BRL Supply voltage: 230 V AC
X14.2 BR N Current consumption: 2 A

Max. connectable cross-section 2.5 mm?2

AWARNING

Maximum cable length of the brake control

The maximum permissible cable length of 300 m between the Safe Brake Adapter 230 V
AC and the brake must be carefully maintained. To accurately calculate the maximum cable
length, see the SINAMICS Low Voltage Configuration Manual on the customer DVD
supplied with the device.

Table 7- 23  Terminal block X15, fast de-energization

Connection_| Signal Description
X151 AUX1 Supply voltage: 230 V AC
X15.2 AUX2 Current consumption: 2 A

Max. connectable cross-section 2.5 mm?2

Spare fuse

196

The type of spare fuse is as follows: 2 A, time lag

CAUTION

Correctly mounting the housing cover after replacing a fuse

An adhesive label is provided on the housing cover indicating the position of the connector.
Mount the cover in the correct position so that the inscription of the label matches the actual

connectors.
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Description
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7.4 Activating "SBC" via the Safe Brake Adapter

Controlling "SBC" via the Safe Brake Adapter for option K89 (24 V DC)

The Safe Brake Control (SBC) is a safety function, which is used in safety-related
applications, e.g. in presses or in rolling mills. In the no-current condition, the brake acts on
the drive motor using spring force. The brake is released when current flows (=low active).

The Safe Brake Adapter 24 V DC is installed in the factory in the cabinet unit. Power is
connected to terminal -X13 on the Safe Brake Adapter. A connection between the Safe
Brake Adapter and the Control Interface module is established in the factory so that the Safe
Brake Adapter can be controlled.

For controlling the brake on the system-side, a connection must be established between
terminal -X14 on the Safe Brake Adapter and the brake.

Note

The integrated safety functions, starting from the Safety Integrated (SI) input terminals of the
SINAMICS components (Control Unit, Motor Module), satisfy the requirements according to
EN 61800-5-2, EN 60204-1, DIN EN ISO 13849-1 Category 3 (formerly EN 954-1) for
Performance Level (PL) d and IEC 61508 SIL2.

With the Safe Brake Adapter (option K89), the requirements specified in EN 61800-5-2,
EN 60204-1, as well as in DIN EN ISO 13849-1 Category 3 (formerly EN954-1) are satisfied
for Performance Level (PL) d and IEC 61508 SIL 2.
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Interfaces

-X14

LED 24 V OK

-
-
L

-
"
o
-
-
-

-

F1 LED KZ on

LED K1 on

-X13 -X11

Figure 7-8  Safe Brake Adapter interface overview 24 V DC

Table 7- 24  Terminal block X13, 24 VV DC power supply

Connection_| Signal Description

X13.1 P24 Supply voltage: 24 V DC
X13.2 M Current consumption: 5 A
Max. connectable cross-section 2.5 mm?2

Table 7- 25 Terminal block X14, interface to the load

Connection_| Signal Description
X14.1 BR P24 Supply voltage: 24 V DC
X14.2 BR M Current consumption: 5 A

Max. connectable cross-section 2.5 mm?2
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/I\WARNING

Maximum cable length of the brake control

The maximum permissible cable length of 30 m between the Safe Brake Adapter 24 V DC
and the brake must be carefully maintained. To accurately calculate the maximum cable
length, see the SINAMICS Low Voltage Configuration Manual on the customer DVD
supplied with the device.

Spare fuse

The type of spare fuse is as follows: 5 A, time lag

CAUTION

Correctly mounting the housing cover after replacing a fuse

An adhesive label is provided on the housing cover indicating the position of the connector.
Mount the cover in the correct position so that the inscription of the label matches the actual
connectors.
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74.3 Safe Brake Adapter SBA 230 V AC for SINAMICS G130/SINAMICS S120
Chassis

Description

The Safe Brake Control (SBC) is a safety function, which is used in safety-related
applications, e.g. in presses or in rolling mills. In the no-current condition, the brake acts on
the drive motor using spring force. The brake is released when current flows (=low active).

Power must be connected to terminal -X12 on the Safe Brake Adapter.

For controlling the brake, a connection must be established between terminal -X14 on the
Safe Brake Adapter and the motor holding brake.

For the control, a connection must be established between the Safe Brake Adapter and the
Control Interface Module.
The cable harness with order number 6SL3060-4DX04-0AA0 can be used.

Fast de-energization

For fast de-energization, DC brakes are in some cases operated with an upstream brake
rectifier (230 V AC on the input side). Some brake rectifier types feature two additional
connections for switching the brake load on the DC side. This allows the brake coil to be
quickly de-energized, i.e. the braking effect starts earlier.

The Safe Brake Adapter supports such a fast de-energization using the two additional
connections -X15:1 and -X15:2, which have been designed to control contactors. The relay
in turn is responsible for switching the brake current on the DC side. This function does not
belong to the safe brake control.

Note

The integrated safety functions, starting from the Safety Integrated (SlI) input terminals of the
SINAMICS components (Control Unit, Motor Module), satisfy the requirements according to
EN 61800-5-2, EN 60204-1, DIN EN ISO 13849-1 Category 3 (formerly EN 954-1) for
Performance Level (PL) d and IEC 61508 SIL2.

With the Safe Brake Adapter, the requirements specified in EN 61800-5-2, EN 60204-1, as
well as in DIN EN ISO 13849-1 Category 3 (formerly EN954-1) are satisfied for Performance
Level (PL) d and IEC 61508 SIL 2.
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AWARN ING

If a 24 V DC brake is connected to the Safe Brake Adapter 230 V AC on the system side,

then this can cause damage to the Safe Brake Adapter. The following unwanted effects can
be caused:

e Closing of the brake is not displayed using the LED.
e The fuse is ruptured.
e The contact service life of the relay is reduced.

Interfaces

-X12 -X14 -X15

F2 LED 230 v OK

LED K2 on

LED K1 on

-X11

Figure 7-9  Safe Brake Adapter interface overview 230 V AC
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Table 7- 26  Terminal block X11, interface to the Control Interface Module

Connection | Signal Description Technical data

X11.1 BR+ Control channel 1 Connection to Control Interface Board, X46:1

X11.2 BR- Control channel 2 Connection to Control Interface Board, X46:2

X11.3 FB+ Relay feedback signal Connection to Control Interface Board, X46:3

X11.4 FB- Ground of the relay feedback signal Connection to Control Interface Board, X46:4

X11.5 P24 P24 of the auxiliary voltage to supply the Connection to Control Interface Board, X42:2
feedback signal

X11.6 M Ground of the auxiliary voltage Connection to Control Interface Board, X42:3

Max. connectable cross-section 2.5 mm?2

AWARNING

Cable to the Control Interface Module

The maximum permissible cable length between the Safe Brake Adapter and the Control
Interface Module is 10 m.

It is recommended that the cable harness (length 4 m) with order number
6SL3060-4DX04-0AA0 is used.

The cable must be routed in accordance with ISO 13849-2, Table D.4.

Table 7-27  Terminal strip X12, 230 V AC power supply

Connection Sig_}nal Description
X121 L Supply voltage: 230 V AC
X12.2 N Current consumption: 2 A

Max. connectable cross-section 2.5 mm?2

Table 7- 28 Terminal block X14, interface to the load

Connection | Signal Description
X141 BRL Supply voltage: 230 V AC
X14.2 BR N Current consumption: 2 A

Max. connectable cross-section 2.5 mm?2
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AWARNING

Maximum cable length of the brake control

The maximum permissible cable length between the Safe Brake Adapter AC 230 V and the
brake is 300 m. To accurately calculate the maximum cable length, see the SINAMICS Low
Voltage Configuration Manual.
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Table 7-29 Terminal block X15, fast de-energization

Connection | Signal Description

X15.1 AUX1 Supply voltage: 230 V AC
X15.2 AUX2 Current consumption: 2 A
Max. connectable cross-section 2.5 mm?

Spare fuse

The type of spare fuse is as follows: 2 A, time lag

CAUTION
Correctly mounting the housing cover after replacing a fuse

An adhesive label is provided on the housing cover indicating the position of the connector.
Mount the cover in the correct position so that the inscription of the label matches the actual
connectors.

Mounting
The Safe Brake Adapter is designed for mounting on a rail in accordance with EN 60715

The dimensions are shown in the following dimension drawing.

89 75

F\

73

11

Figure 7-10 Dimension drawing of the Safe Brake Adapter (data in mm)
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Technical data

Table 7- 30 Technical data

6SL3355-2DX00-1AA0

Electronics power supply

Power supply voltage (via the Control Interface Module) 24V DC (20.4 - 28.8)
Power supply of the motor holding brake 230 VAC

Max. permissible current drain of the motor holding brake 2A

Max. permissible current drain of the de-energization 2A

Weight 0.250 kg
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744

Description

Safety Integrated

7.4 Activating "SBC" via the Safe Brake Adapter

Safe Brake Adapter SBA 24 V DC for SINAMICS G130/SINAMICS S120
Chassis

The Safe Brake Control (SBC) is a safety function, which is used in safety-related
applications, e.g. in presses or in rolling mills. In the no-current condition, the brake acts on
the drive motor using spring force. The brake is released when current flows (=low active).

Power must be connected to terminal -X13 on the Safe Brake Adapter.

For controlling the brake, a connection must be established between terminal -X14 on the
Safe Brake Adapter and the motor holding brake.

For the control, a connection must be established between the Safe Brake Adapter and the
Control Interface Module.
The cable harness with order number 6SL3060-4DX04-0AA0 can be used.

Note

The integrated safety functions, starting from the Safety Integrated (Sl) input terminals of the
SINAMICS components (Control Unit, Motor Module), satisfy the requirements according to
EN 61800-5-2, EN 60204-1, DIN EN I1SO 13849-1 Category 3 (formerly EN 954-1) for
Performance Level (PL) d and IEC 61508 SIL2.

With the Safe Brake Adapter, the requirements specified in EN 61800-5-2, EN 60204-1, as
well as in DIN EN ISO 13849-1 Category 3 (formerly EN954-1) are satisfied for Performance
Level (PL) d and IEC 61508 SIL 2.
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Interfaces
-X14
-
= LED 24 vV OK
-
F1 LED K2 on
LED K1 on
-X13 -X11
Figure 7-11  Safe Brake Adapter interface overview 24 V DC
Table 7- 31 Terminal block X11, interface to the Control Interface Module
Connection | Signal Description Technical data
X11.1 BR+ Control channel 1 Connection to Control Interface Board, X46:1
X11.2 BR- Control channel 2 Connection to Control Interface Board, X46:2
X11.3 FB+ Relay feedback signal Connection to Control Interface Board, X46:3
X11.4 FB- Ground of the relay feedback signal Connection to Control Interface Board, X46:4
X11.5 P24 P24 of the auxiliary voltage to supply the Connection to Control Interface Board, X42:2
feedback signal
X11.6 M Ground of the auxiliary voltage Connection to Control Interface Board, X42:3
Max. connectable cross-section 2.5 mm?2
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/N\WARNING

Cable to the Control Interface Module

The maximum permissible cable length between the Safe Brake Adapter and the Control
Interface Module is 10 m.

It is recommended that the cable harness (length 4 m) with order number
6SL3060-4DX04-0AA0 is used.

The cable must be routed in accordance with ISO 13849-2, Table D.4.

Table 7- 32  Terminal block X13, 24 V DC power supply

Connection | Signal Description

X13.1 P24 Supply voltage: 24 V DC
X13.2 M Current consumption: 5 A
Max. connectable cross-section 2.5 mm?

Table 7- 33  Terminal block X14, interface to the load

Connection Sig_;nal Description
X14.1 BR P24 Supply voltage: 24 V DC
X14.2 BR M Current consumption: 5 A

Max. connectable cross-section 2.5 mm?2

AWARN ING

Maximum cable length of the brake control

The maximum permissible cable length between the Safe Brake Adapter 24 V DC and the
brake is 30 m. To accurately calculate the maximum cable length, see the SINAMICS Low
Voltage Configuration Manual.

Spare fuse

The type of spare fuse is as follows: 5 A, time lag

CAUTION

Correctly mounting the housing cover after replacing a fuse

An adhesive label is provided on the housing cover indicating the position of the connector.
Mount the cover in the correct position so that the inscription of the label matches the actual
connectors.
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Mounting

The Safe Brake Adapter is designed for mounting on a rail in accordance with EN 60715

The dimensions are shown in the following dimension drawing.

89

75

o

73

11

Figure 7-12 Dimension drawing of the Safe Brake Adapter (data in mm)

Technical data

Table 7- 34  Technical data

6SL3355-2DX01-1AA0

Electronics power supply
Power supply voltage (via the Control Interface Module)

24V DC (20.4 - 28.8)

Power supply of the motor holding brake 24V DC
Max. permissible current drain of the motor holding brake 5A
Weight 0.250 kg
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7.5 Control by way of PROFIsafe

7.51 Safety Integrated Functions

As an alternative to controlling Safety Integrated Functions via terminals or TM54F, they can
also be controlled via PROFIsafe. PROFIsafe telegram 30 is used for communication using
PROFIBUS and PROFINET.

Control via PROFIsafe is available for both Safety Integrated Basic Functions and Safety
Integrated Extended Functions.

7.5.2 Enabling of the control via PROFIsafe

For PROFIsafe communication, SINAMICS devices require a PROFIBUS or a PROFINET
interface.

Every drive with configured PROFIsafe in the drive unit represents a PROFIsafe slave (F
slave) with a fail-safe communication to the F host via PROFIBUS or PROFINET and is
assigned its own PROFIsafe telegram.

In so doing, a PROFIsafe safety channel, a so-called safety-slot is created using the HW
Config tool from SIMATIC Manager Step 7. It is then possible to also control the Basic
Functions using PROFIsafe telegram 30. The structure of the associated control and status
words is described in more detail later in this document (see the "PROFIsafe STW" and
"PROFIsafe ZSW" tables). The PROFIsafe telegram 30 is placed in front of the standard
telegram for communication (e.g. telegram 2).

Enabling PROFIsafe

The Safety Integrated Functions are enabled via PROFIsafe using parameters p9601 and
p9801:

® Basic Functions: p9601.2 = 0, p9801.2=0
Extended Functions: p9601.2 = 1, p9801.2 = 1

e p9601.3 =1, p9801.3 = 1

Note
License requirement for Safety Integrated via PROFIsafe

A license is not required for use of the Basic Functions, this also applies for control via
PROFIsafe.

However, for Extended Functions, you require an appropriate license that will be charged for.

All parameters involved in PROFIsafe communication are password protected against
undesirable changes and secured using a checksum. The telegrams are configured using a
configuration tool (e.g. HW Config + F-Configuration Pack or SCOUT) on the F host.
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Safety Integrated Basic Functions via PROFIsafe and terminals

Control of the Basic Functions via terminals on the Control Unit and on the Motor/Power
Module (p9601.0 = p9801.0 = 1) may be enabled in parallel. In this way, the STO and SS1
functions (time controlled) can be selected via PROFIsafe telegram 30 as well as in parallel
via the onboard terminals of the Control Unit and Motor Module/Power Module.

STO has priority over SS1, i.e. if SS1 and STO are simultaneously initiated, then STO is

executed.
753 Structure of telegram 30
7.5.3.1 Structure of telegram 30 (Basic Functions)

PROFIsafe control word (STW)

S_STWH1, PZD1 in telegram 30, output signals
See function diagram [2840].

Table 7- 35 Description of the PROFIsafe STW

Bit Meaning Remarks
0 STO 1 Deselect STO
0 Select STO
1 SS1 1 Deselect SS1
0 Select SS1
2 SS2 0 -1
3 SOS 0 -1
4 SLS 0 -1
5 Reserved - -
6 Reserved - -
7 Internal Event ACK 1/0 Acknowledgment
0 No acknowledgment
8 Reserved - -
9 Select SLS bit 0 - -
10 Select SLS bit 1 -
11...15 | Reserved - -

1) Signals not relevant to Basic Functions should be set to "0".
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PROFIsafe status word (ZSW)

S_ZSW1, PZD1 in telegram 30, input signals
See function diagram [2840].

Table 7- 36  Description of the PROFIsafe status word (ZSW)

Bit Meaning Remarks
0 STO active 1 STO active
0 STO not active
1 SS1 active 1 SS1 active
0 SS1 not active
2 SS2 active 0 -1
3 SOS active 0 -1
4 SLS active 0 -1
5 Reserved - -
6 Reserved - -
7 Internal event 1 Internal event
0 No internal event
8 Reserved - -
9 Active SLS level, bit 0 - -1
10 Active SLS level, bit 1 -
11 SOS selected 0 -1
12 ... 14 | Reserved - -
15 SSM (speed) 0 -1

1) Signals that are not relevant for Basic functions must not be evaluated.
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7.5.3.2 Structure of telegram 30 (Extended Functions)

PROFIsafe control word (STW)
S_STWH1, PZD1 in telegram 30, output signals

See function diagram [2840].

Table 7- 37  Description of the PROFIsafe STW

Bit Meaning Remarks
0 STO 1 Deselect STO
0 Select STO
1 SS1 1 Deselect SS1
0 Select SS1
2 SS2 1 Deselect SS2
0 Select SS2
3 SOS 1 Deselect SOS
0 Select SOS
4 SLS 1 Deselect SLS
0 Select SLS
Reserved - -
Reserved - -
Internal Event ACK 1/0 Acknowledgment
0 No acknowledgment
8 Reserved - -
9 Select SLS bit 0 - Selection of the speed limit for SLS (2 bits)
10 Select SLS bit 1 -
11 Reserved - -
12 SDI positive 1 Deselect SDI positive
0 Select SDI positive
13 SDI negative 1 Deselect SDI negative
0 Select SDI negative
14 Reserved - -
15 Reserved
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PROFIsafe status word (ZSW)

S_ZSW1, PZD1 in telegram 30, input signals

See function diagram [2840].

7.5 Control by way of PROF/safe

Table 7- 38  Description of the PROFIsafe status word (ZSW)

Bit Meaning Remarks
0 STO active 1 STO active
0 STO not active
1 SS1 active 1 SS1 active
0 SS1 not active
2 SS2 active 1 SS2 active
0 SS2 not active
3 SOS active 1 SOS active
0 SOS not active
4 SLS active 1 SLS active
0 SLS not active
5 Reserved - -
6 Reserved - -
7 Internal event 1 Internal event
0 No internal event
8 Reserved - -
9 Active SLS level, bit 0 - Display of the speed limit for SLS (2 bits)
10 Active SLS level, bit 1 -
11 SOS selected 1 SOS selected
0 SOS not selected
12 SDI positive active 1 SDI positive active
0 SDI positive not active
13 SDI negative active 1 SDI negative active
0 SDI negative not active
14 Reserved - -
15 SSM (speed) 1 SSM (speed below limit value)
0 SSM (speed higher than/equal to limit)
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754 ESR response in the event of a communication error

Prerequisite

The response of the drive in the case of a communication error when the "Extended stop and

retract (ESR)" function module is simultaneously enabled is described in the following.

e Safety Extended Functions are controlled via PROFIsafe

e Function module "Extended stop and retract" is activated and enabled

Communication failure

Drive response

214

Under communication failure in this context, we understand one of the following possibilities:

Interruption of the PROFIBUS or PROFINET connection

® Higher-level controller in the stop response STOP X (X=A, B, C, D or E)

In the event of a communication failure, a distinction is made between the following
responses:

1.

If p9380 = p9580 * 0 and ESR has been enabled, in the event of a communication
failure, the parameterized ESR response is realized.

2. If p9380 = p9580 * 0 and SLS is active, in the event of communication failure, the
parameterized ESR reaction is only realized if, as SLS response, a STOP with delayed
pulse cancellation when the bus fails has been parameterized (p9363[0...3] = p9563[0...3]
= 10).

3. If p9380 = p9580 + 0 and SDI is active, in the event of communication failure, the
parameterized ESR reaction is only realized if, as SDI response, a STOP with delayed
pulse cancellation when the bus fails has been parameterized (p9366[0...3] = p9566[0...3]
= 10).

4. If a STOP E as stop response from SLS or SDI has been triggered and ESR has been
enabled, in the event of communication failure the parameterized ESR response is
realized.

Note

If the Safety Integrated Extended Functions are controlled via PROFIsafe, in the case of a
communication failure, Safety Integrated only permits a response time (p9580/p9380) of
maximum 800 ms. After this time expires, Safety Integrated requests pulse suppression.
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7.6 Control via TM54F
7.6.1 General information
7.6.1.1 TM54F design

Terminal Module TM54F is a terminal expansion module for snap-on rail mounting in
accordance with DIN EN 60715. The TM54F features fail-safe digital I/O for controlling the
Safety Integrated Extended Functions.

Each Control Unit can be assigned only one TM54F which is connected via DRIVE-CLIQ.

NOTICE

The TM54F may not be interconnected in series with the Motor Modules and must be
operated on a separate DRIVE-CLIQ line (separate port on the Control Unit). Other
Terminal and Sensor Modules can be connected to this DRIVE-CLIQ line. It is also not
permissible that the TM54F is connected in a line together with an infeed.

TM54F features the following terminals:

Table 7- 39  Overview of the TM54F interfaces

Type Number
Fail-safe digital outputs (F-DO) 4
Fail-safe digital inputs (F-DI) 10
Sensor V) power supplies, dynamic response supported 2) 2

Sensor V) power supply, no dynamic response
Digital inputs for checking the F-DO with activated forced dormant error detection |4

1) Sensors: Fail-safe devices for command operations and status logging (e.g. emergency stop
buttons, safety door locks, position switches, and light arrays / light curtains).

2) Dynamic response: The sensor power supply is cycled on and off by the TM54F when the forced
dormant error detection is active for the sensors, cable routing, and the evaluation electronics.

The TM54F provides 4 fail-safe digital outputs and 10 fail-safe digital inputs. A fail-safe
digital output consists of a 24 V DC switching output, an output switching to ground and a
digital input for reading back the switching state. A fail-safe digital input consists of two digital
inputs.
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7.6.1.2

Description

216

Note
You have the following options of acknowledging TM54F faults after troubleshooting:

e« POWERON

¢ Falling edge in signal "Internal Event ACK" with subsequent acknowledgement on the
Control Unit.

The signal states of the two digital inputs of the F-DI are frozen at logical 0 (safety function
selected) when different signal states are present within a fail-safe F-DI of the TM54F, until a
safe acknowledgment has been carried out by means of an F-DI via parameter p10006 (Sl
acknowledgment internal event input terminal) or the extended alarm acknowledgment has
been carried out.

The monitoring time (p10002) for the discrepancy of the two digital inputs of an F-DI may
have to be increased so that switching operations do not trigger an undesired response,
thereby necessitating a safe acknowledgment. Therefore, the signal states at the two related
digital inputs (F-DI) must have the same state within this monitoring time, otherwise the
following fault will be output F35151 TM54F: Discrepancy error. This requires safe
acknowledgement.

Note

The discrepancy time must be set so that it is always smaller than the smallest expected
switching interval of the signal to this F-DI.

F-DI function

Fail-safe digital inputs (F-DI) consist of two digital inputs. The cathode (M) of the optocoupler
is routed to the second digital input to allow the connection of an M-switching F-DO output
(the anode must be connected to 24 V DC).

Parameter p10040 is used to determine whether an F-DI is operated as NC/NC or NC/NO
contact. The status of DI can be read at parameter r10051 for the drive objects TM54F_MA
and TM54F_SL. The same bits of both drive objects are logically linked by AND operation
and return the status of the relevant F-DI.

Test signals from F-DOs and interference pulses can be filtered out using the input filter
(p10017), so that they do not cause any faults.

Explanation of terms:

NC contact / NC contact: to select the safety function, a "zero level" must be present on both
inputs.

NC contact / NO contact: to select the safety function, a "zero level" at input 1 and a "1 level"
at input 2 must be present.
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F-DI features

Safety Integrated

7.6 Control via TM54F

The signal states at the two associated digital inputs (F-DI) must assume the same status
configured in p10040 within the monitoring time set in p10002.

In order to enable forced dormant error detection, connect the digital inputs of F-DI 0 ... 4
with the dynamic voltage supply L1+ and the digital inputs with F-DI 5 ... 9 to L2+ (for
additional information on forced dormant error detection, see the corresponding function
description in the chapter "Extended Functions").

In the SINAMICS Parameter Manual, function diagrams 2850 and 2851 show an overview of
the fail-safe inputs F-DI 0 .... 4 or F-DI 5 ... 9.

e Fail-safe configuration with two digital inputs per F-DI

e [nput filter for test signals with an adjustable gating time (p10017)

e Configurable connection of NC/NC or NC/NO contacts by means of parameter p10040
e Status parameter r10051

e Adjustable time window for monitoring discrepancy at both digital inputs by means of
parameter p10002 for all F-Dls

Note

To avoid incorrect triggering of fault messages, at these inputs the discrepancy time must
always be set less than the shortest time between two switching events (ON/OFF,
OFF/ON).

e Second digital input with additional tap of the optocoupler cathode for connecting an M-
switching output of a fail-safe controller.

AWARN ING

In contrast to mechanical switching contacts (e.g. Emergency Stop switches), closed-circuit
currents can still flow through semiconductor switches even when they are switched off.
This can lead to false switching states if digital inputs are not connected correctly.

The conditions for digital inputs/outputs specified in the relevant manufacturer
documentation must be observed.

AWARN ING

In accordance with IEC 61131 Part 2, Chapter 5.2 (2008), only outputs that have a
maximum closed-circuit current of 0.5 mA when "OFF" can be used to connect TM54F
digital inputs with digital semiconductor outputs.
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Function diagrams
e 2850 - TM54F (F-DI 0 to F-DI 4)
e 2851 - TM54F (F-DI 5 to F-DI 9)

Overview of important parameters
e p10002 Sl discrepancy monitoring time
e p10017 Sl digital inputs, debounce time
e p10040 S| F-DI input mode
e r10051.0...9 CO/BO: Sl status of digital inputs

7.6.1.3 Function of the F-DO

Description

Fail-safe digital outputs (F-DO) consist of two digital outputs plus one digital input that
checks the switching state for forced dormant error detection. The first digital input switches
24 V DC, and the second switches M of the X514 voltage supply.

The status of each F-DO can be read at parameter r10052. The status of the associated Dls
can be read at parameter r10053 for the drive objects of the slave (TM54F_SL).

In order to enable forced dormant error detection, connect the corresponding digital input for
the forced feedback signals of the relays (more information on forced dormant error
detection is provided in the chapter "Safety Integrated Extended Functions").

In the SINAMICS Parameter Manual, function diagram 2853 provides an overview of the fail-
safe outputs F-DO 0...3, and the associated checking inputs F-DI 20...23.
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7.6 Control via TM54F

F-DO signal sources

A drive group contains several drives with similar characteristics. The groups are
parameterized at the p10010 and p10011 parameters.

The following signals are available for interconnecting (p10042, ..., p10045) each one of the
four drive groups with the F-DO:

e STO active

e SS1 active

® SS2 active

e SOS active

e SLS active

® SLS level

e SSM feedback active
e Safe state

® SOS selected

® [nternal event

® Active SLS level, bit 0
® Active SLS level, bit 1
e SDI positive active

e SDI negative active

The following signals can be requested by means of p10039[0...3] for each drive group
(index 0 corresponds with drive group 1 etc.):

e STO active (power removed/pulses suppressed)
® SS1 active

® SS2 active

® SOS active

® SLS active

e SDI positive active

e SDI negative active

Pulses deleted ]

SS1 active

0o°
SS2 active .

Drive group x
O ° . > Safe state
SOS active . p10039[x].0 -

p10039[x].4
SLS active ° .

0——o\§\c

SDI positive active

SDI negative active

Figure 7-13  Safe state selection
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The same signals (high-active) of each drive or drive group are logically linked by means of
AND operation. The different signals selected through p10039 are logically linked by means
of OR operation. Result of these logic operations is the "Safe State" for each drive group.
You will find details in the List Manual SINAMICS in function block diagram 2856.

Each F-DO supports the interconnection of up to 6 signals by way of indexing (p10042[0...5]
to p10045[0...5]) and their output as logical AND operation.

F-DO features

e FEach F-DO with fail-safe configuration consisting of two digital outputs plus one digital
input for checking the switching state for forced dormant error detection

e Status parameters r10052/r10053

Function diagrams
e 2853 TM54F (F-DO 0 ... F-DO 3, DI 20 ... DI 23)
e 2856 TM54F Safe State selection
e 2857 TM54F assignment (F-DO 0 ... F-DO 3)

Overview of important parameters
® p10039 S| Safe State signal selection
e p10042[0...5] SI F-DO 0 signal sources
e p10043[0...5] SI F-DO 1 signal sources
® p10044[0...5] SI F-DO 2 signal sources
e p10045[0...5] SI F-DO 3 signal sources
e r10052.0...3 CO/BO: Sl status of digital outputs
e 110053.0...3 CO/BO: Sl digital inputs 20 ... 23
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7614 Description of the interfaces

Overview

X501
X500

X524
Electronic power supply

DRIVE-CLIQ interfaces

X514
Power supply

- For digital outputs

- For sensor power supply

X520 T O
> == Oroy LED
Sensor power supply =
i
© z w ™
X521 B0 o) Mg Sho
T S| B
Digital inputs + % 1 1= ”Q X_53_1 _
power supply which supports = 4§ 3 i{ Digital |nput|s + e .
dynamization == = = power supply which supports
E L=l s dynamization
B =) ad S
X522 p =1 B X532
Digital inputs =N 12 Digital inputs
sl BT an
S )
PR [ —
X523 = rH mig X533
Digital outputs 2| | 2’- / Digital outputs
=iz
X525 = B~ m X535
e Digital outputs

Digital outputs

®

Shield connection

|

Protective conductor
connection
M4/1.8 Nm

Figure 7-14  Interface description of the TM54F
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Example connection

Dio
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Figure 7-15 Connection example for TM54F
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X514 power supply for digital outputs and sensors

Table 7- 40 Terminal strip X514

Terminal Designation Technical data

] + Power supply Voltage: 24 V DC (20.4 V - 28.8 V)
+

E I + Power supply Current consumption: max. 4 A "

E I M1 Electronics ground Max. current via jumper in connector:
<

T M1 Electronics ground 20 A at 55°C

Max. connectable cross-section: 2.5 mm?

1) including the current consumption for the digital outputs and to supply the sensor.

Note

The two "+" and "M1" terminals are jumpered in the connector. This ensures the supply
voltage is looped through.

X520 sensor power supply

Table 7- 41  Terminal block X520

Terminal Desig_;nation Technical data
NI L3 500 mA, 24V
N2 M1

Without forced dormant error detection
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X521 digital inputs and dynamically adjustable power supply

Table 7- 42 Terminal block X521

Terminal Designation " Technical data
N 1 L1+ Voltage: +24 V DC
. Max. total load current: 500 mA
2 DIO Voltage: - 3V to +30 V
© 3 DI 1+ Typical current consumption: 3.2 mA at 24 V DC
» Electrical isolation: Reference potential, refer to terminals 6, 7, 8
3 4 DI 2 All digital inputs are electrically isolated.
o 5 DI 3+ Input delay 2):
~ - for "0" to "1": 30 ps (100 Hz)
- for "1" to "0": 60 ps (100 Hz)
lod]
Level (incl. ripple)
High level: 15V to 30 V
Low level: -3V to +5V
6 DI 1- Reference potential for DI 1+
7 DI 3- Reference potential for DI 3+
8 M1 Reference potential for DI 0, DI 2, L1+
An F-DI comprises a digital input and a 2nd digital input where, in addition, the cathode of the optocoupler is fed-out.
F-DI 0 = terminals 2, 3 and 6
F-DI 1 =terminals 4, 5and 7
Max. connectable cross-section: 1.5 mm?

1 DI: Digital input; M1: Reference ground
2 Pure hardware delay

NOTICE

DIx- in each case.

This is achieved by:

For the digital inputs DIx+ to function, the reference potential must be connected to input

1. providing the reference ground of the digital inputs, or
2. ajumper between DIx and terminal M1.
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X522 digital inputs

Table 7- 43 Terminal block X522

7.6 Control via TM54F

Terminal Designation " Technical data
N 1 DI 4 Voltage: -3V to +30 V
o 2 DI 5+ Typical current consumption: 3.2 mA at 24 V DC
Electrical isolation: Reference potential, refer to terminals 7, 8, 9, 10
w 3 D6 All digital inputs are electrically isolated.
» 4 DI 7+ Input delay 2):
o 5 DI 8 - for "0" to "1": 30 ps (100 Hz)
o 6 DI 9+ - for "1" to "0": 60 us (100 Hz)
- Level (incl. ripple)
High level: 15V to 30 V
* Low level: -3 Vto +5 V
© 7 DI 5- Reference potential for DI 5+
S 8 DI 7- Reference potential for DI 7+
9 DI 9- Reference potential for DI 9+
10 M1 Reference potential for DI 4, DI 6 and DI 8

F-DI 2 =terminals 1,2 and 7
F-DI 3 = terminals 3, 4 and 8
F-DI 4 = terminals 5, 6 and 9

An F-DI comprises a digital input and a 2nd digital input where, in addition, the cathode of the optocoupler is fed-out.

Max. connectable cross-section: 1.5 mm?

) DI: digital input; M1: Reference ground

2 Pure hardware delay

NOTICE

For the digital inputs DIx+ to function, the reference potential must be connected to input
DIx- in each case.
This is achieved by:
1. providing the reference ground of the digital inputs, or
2. ajumper between DIx and terminal M1.

Safety Integrated
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X523 digital outputs

Table 7- 44  Terminal block X523

Terminal Designation " Technical data
- 1 DI 20 Voltage: - 3V to +30 V
o Typical current consumption: 3.2 mA at 24 V DC
o Electrical isolation: Reference potential is terminal M1

The digital input is electrically isolated.

Input delay 2):

- for "0" to "1": 30 ps (100 Hz)
- for "1" to "0": 60 us (100 Hz)
Level (incl. ripple)

High level: 15V to 30 V

Low level: -3V to 5V

2 DO 0+ 05A
Reference potential is terminal M1

3 DO 0- 05A
Reference potential is L1+, L2+ or L3+
Output delay:?

- for "0" to "1": 300 ps

- for "1" to "0": 350 ps

Total current consumption of all DOs: 2 A
Max. leakage current: < 0.5 mA
Switching frequency:

For resistive load: Max. 100 Hz

For inductive load: Max. 0.5 Hz

For lamp load: Max. 10 Hz

Maximum lamp load: 5 W

An F-DO comprises two digital outputs and a digital input to feed back the signal
F-DO 0 = terminals 1, 2 and 3
Max. connectable cross-section: 1.5 mm?

1) DlI: Digital input; DO: Digital output
2 Pure hardware delay

X524 Electronics power supply

Table 7-45 Terminal block X524

Terminal Designation Technical data
m I + Electronics power supply Voltage: 24 V DC (20.4 V - 28.8 V)
+ H .
T + Electronics power supply Current consumption: Max. 0.7 A
% §I M Electronics ground Max. current via jumper in connector: 20 A
M Electronics ground

Max. connectable cross-section: 2.5 mm?
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Note

The two "+" and "M" terminals are jumpered in the connector. This ensures that the supply
voltage is looped through.
The current consumption increases by the value for the DRIVE-CLiQ node.

X525 digital outputs

Table 7- 46  Terminal block X525

Terminal Designation " Technical data
N 1 DI Voltage: - 3 V to +30 V
o Typical current consumption: 3.2 mA at 24 V DC
o Electrical isolation: Reference potential is terminal M1

The digital input is electrically isolated.

Input delay 2):

- for "0" to "1": 30 ps (100 Hz)
- for "1" to "0": 60 us (100 Hz)
Level (incl. ripple)

High level: 15V to 30 V

Low level: -3V to 5V

2 DO 1+ 0.5A
Reference potential is terminal M1

3 DO 1- 05A
Reference potential is terminal L1+, L2+ or L3+
Output delay 2):

- for "0" to "1": 300 ps

- for "1" to "0": 350 us

Total current consumption of all DOs: 2 A
Max. leakage current: < 0.5 mA
Switching frequency:

For resistive load: Max. 100 Hz

For inductive load: Max. 0.5 Hz

For lamp load: Max. 10 Hz

Maximum lamp load: 5 W

An F-DO comprises two digital outputs and a digital input
F-DO 1 = terminals 1, 2 and 3:

Max. connectable cross-section: 1.5 mm?

1) DI: digital input; DO: digital output
2 Pure hardware delay
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X531 digital inputs and dynamically adjustable power supply

Table 7- 47 Terminal block X531

Terminal Designation " Technical data
N 1 L2+ Voltage: +24 V DC
. Max. total load current: 500 mA
2 DI 10 Voltage: -3V to +30 V
© 3 DI 11+ Typical current consumption: 3.2 mA at 24 V DC
» Electrical isolation: Reference potential, refer to terminals 6, 7, 8
3 4 Dl 12 All digital inputs are electrically isolated.
o 5 DI 13+ Input delay 2):
~ - for "0" to "1": 30 ps (100 Hz)
- for "1" to "0": 60 ps (100 Hz)
lod]
Level (incl. ripple)
High level: 15V to 30 V
Low level: -3Vto5V
DI 11- Reference potential to DI 11+
DI 13- Reference potential to DI 13+
M1 Reference potential to DI 10, DI 12, L2+
An F-DI comprises a digital input and a 2nd digital input where, in addition, the cathode of the optocoupler is fed-out.
F-DI 5 = terminals 2, 3 and 6
F-DI 6 = terminals 4, 5and 7
Max. connectable cross-section: 1.5 mm?

) DI: digital input; M1: Reference ground
2 Pure hardware delay

NOTICE

DIx- in each case.

This is achieved by:

For the digital inputs DIx+ to function, the reference potential must be connected to input

1. providing the reference ground of the digital inputs, or
2. ajumper between DIx and terminal M1.
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X532 digital inputs

Table 7- 48 Terminal block X532

7.6 Control via TM54F

Terminal Designation 1 Technical data
N 1 DI 14 Voltage: -3V to +30 V
o 2 DI 15+ Typical current consumption: 3.2 mA at 24 V DC
. Electrical isolation: Reference potential, refer to terminals 7, 8, 9, 10.
3 DI 16 All digital inputs are electrically isolated.
SN
o 4 DI 17+ Input delay 2):
5 DI 18 - for "0" to "1": 30 ps (100 Hz)
> s DI 19+ - for "1" to "0": 60 pis (100 Hz)
~ Level (incl. ripple)
@ High level: 15 V to 30 V
© Low level: -3V to +5 V
© 7 DI 15- Reference potential to DI 15+
8 DI 17- Reference potential to DI 17+
9 DI 19- Reference potential to DI19+
10 M1 Reference potential to DI14, DI16, DI18

F-DI 7 =terminals 1,2 and 7
F-DI 8 = terminals 3, 4 and 8
F-DI 9 = terminals 5, 6 and 9
Max. connectable cross-section: 1.5 mm?

An F-DI comprises a digital input and a 2nd digital input where, in addition, the cathode of the optocoupler is fed out.

1) DI: digital input; M1: reference ground
2 Pure hardware delay

NOTICE

DIx- in each case.

This is achieved by:

For the digital inputs DIx+ to function, the reference potential must be connected to input

1. providing the reference ground of the digital inputs, or
2. ajumper between DIx and terminal M1.
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X533 digital outputs

Table 7- 49 Terminal block X533

Terminal Designation " Technical data
- 1 DI 22 Voltage: - 3V to +30 V
o Typical current consumption: 3.2 mA at 24 V DC
o Electrical isolation: Reference potential is terminal M1

The digital input is electrically isolated.
Input delay 2):

- for "0" to "1": 30 ps (100 Hz)

- for "1" to "0": 60 ps (100 Hz)

Level (incl. ripple)

High level: 15V to 30 V

Low level: -3V to 5V

DO+ 05A

DO- Reference potential is terminal M1
0.5A
Reference potential is terminal L1+, L2+ or L3+
Output delay 2:

- for "0" to "1": 300 ps

- for "1" to "0": 350 us

Total current consumption of all DOs: 2 A
Max. leakage current: < 0.5 mA
Switching frequency:

For resistive load: Max. 100 Hz

For inductive load: Max. 0.5 Hz

For lamp load: Max. 10 Hz

Maximum lamp load: 5 W

An F-DO comprises two digital outputs and a digital input for the feedback signal
F-DO 2 =terminals 1, 2 and 3
Max. connectable cross-section: 1.5 mm?

) Dl: digital input; DO: digital output
2 Pure hardware delay
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X535 digital outputs

Table 7- 50 Terminal block X535

Terminal Designation " Technical data
- 1 DI 23 Voltage: - 3V to +30 V
o Typical current consumption: 3.2 mA at 24 V DC

Electrical isolation: Reference potential is terminal M1
The digital input is electrically isolated.

Input delay 2):

- for "0" to "1": 30 ps (100 Hz)
- for "1" to "0": 60 us (100 Hz)
Level (incl. ripple)

High level: 15V to 30 V

Low level: -3V to 5V

DO 3+ 05A

DO 3- Reference potential is terminal M1
05A
Reference potential is terminal L1+, L2+ or L3+
Output delay 2

- for "0" to "1": 300 ps

- for "1" to "0": 350 ps

Total current consumption of all DOs: 2 A
Max. leakage current: < 0.5 mA
Switching frequency:

For resistive load: Max. 100 Hz

For inductive load: Max. 0.5 Hz

For lamp load: Max. 10 Hz

Maximum lamp load: 5 W

An F-DO comprises two digital outputs and a digital input for the feedback signal
F-DO 3 = terminals 1, 2 and 3
Max. connectable cross-section: 1.5 mm?

1) DI: digital input; DO: digital output
2 Pure hardware delay

7.6.2 Control via TM54F for SINAMICS G130, S120 Chassis

The Terminal Module TM54F must be supplied with DC 24 V and connected with the Control
Unit via DRIVE-CLIQ.

/I\WARNING

The ventilation spaces of 50 mm above and below the component must be observed.
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7.6.3 Control via option K87 for SINAMICS S120 Cabinet Modules

With option K87 the Terminal Module TM54F is integrated in the cabinet unit (-A70) and
connected with the Control Unit via DRIVE-CLIiQ.

764 Control via K87 for SINAMICS S150

With option K87 the Terminal Module TM54F is integrated in the cabinet unit (-A70) and
connected with the Control Unit via DRIVE-CLIQ.
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8.1 General information about commissioning safety functions

Commissioning notes

Note

The commissioning steps described here can be carried out via either STARTER or the
advanced operator panel (AOP30).

The SINAMICS Safety Integrated Functions, both the Basic and also Extended Functions,
are drive-specific, i. e. the commissioning of the functions must be performed once for each
drive.

If the version in the Motor/Power Module is incompatible, the Control Unit responds as
follows during the switchover to safety commissioning mode (p0010 = 95):

o Fault FO1655 (SI CU: Align the monitoring functions) is output. The fault triggers fault
reaction OFF2.

e The fault cannot be acknowledged until Safety commissioning mode (p0010 # 95) is
exited.

e The Control Unit triggers a safe pulse suppression via its own Safety switch-off signal
path.

o |If parameterized (p1215), the motor holding brake is applied.
e The Safety functions cannot be enabled (p9601/p9801 and p9602/p9802).
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8.2 Safety Integrated firmware versions

8.2

Safety Integrated firmware versions

Firmware versions for Safety Integrated

The safety firmware installed on the Control Unit and the safety firmware installed on the
Motor/Power Module each has a separate version code. The parameters listed below can be
used to read the version IDs from the relevant hardware.

Read the overall firmware version via:

® 10018 Control Unit firmware version

The following firmware data can be read for the basic functions:

e r9770[0...3] Sl version, drive-autonomous safety functions (Control Unit)
e r9870[0...3] Sl version, drive-autonomous safety functions (Motor Module)
The following firmware data can be read for the extended functions:

e r9590][0...3] Sl Motion version safety motion monitoring (Control Unit)

e r9390][0...3] Sl Motion version safety motion monitoring (Motor Module)

e r9890[0...2] Sl version (Sensor Module)

® r10090[0...3] SI TM54F version

Basic Functions and Extended Functions

234

Basic and/or Extended Functions that have been enabled are checked to determine whether
the parameter for the automatic firmware update is set (p7826 = 1).

This means that at each boot, the firmware version of the DRIVE-CLiQ components involved
is checked in comparison to the firmware version of the Control Unit and, if required,
updated.

In this case, p7826 = 1 must apply, otherwise fault F01664 (SI CU: No automatic firmware
update) is output.

During the acceptance test for Safety Integrated Basic Functions, the safety firmware
versions (r9770, r9870) must be read, logged, and checked against the list below.

During the acceptance test for the Safety Integrated extended functions, the safety firmware
versions of the Motor/Power Modules (r9590, r9390), Sensor Modules (r9890) and, if
necessary, the Terminal Module TM54F (r10090) required for the safety functions are also
read, logged, and checked against the list below.

The list of permissible safety firmware version combinations, which must be used as a
reference during the test, can be found under "Product Support" at the following address:
http://support.automation.siemens.com/WW/view/de/28554461

The testing procedure is described at the end of the chapter.
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Procedure for checking the safety firmware version combinations

The document in the link provided contains tables listing the permissible safety firmware
version combinations for the different safety function classes (SINAMICS basic functions,
SINAMICS extended functions, SINUMERIK Safety Integrated).

The Safety firmware version relevant for the Safety function can be read from the Control
Unit. The row containing this version number specifies the associated, permissible safety
firmware versions of the relevant drive components. These versions must be compatible with
the versions installed on your system.

8.3 Commissioning of Safety Integrated functions

8.3.1 General information
Safety Integrated Basic Functions
The Safety Integrated Basic Functions can be commissioned using STARTER in three ways:
® STO/SS1/SBC via terminal
® STO/SS1/SBC via PROFIsafe
® STO/SS1/SBC via PROFIsafe and terminal simultaneously
Safety Integrated Extended Functions

The Safety Integrated Extended Functions can be commissioned using STARTER in four
ways:

® Motion monitoring via TM54F

® Motion monitoring via PROFIsafe

® Motion monitoring via TM54F and terminal simultaneously

® Motion monitoring via PROFIsafe and terminal simultaneously

A brief overview of the STARTER functionality, which enables Safety Integrated functions to
be used by means of terminals, PROFIsafe, or a combination of the two, is provided below.

Note

You can find detailed information on configuring in STARTER in the online help.
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8.3 Commissioning of Safety Infegrated functions

Safety slot

Expert list

In order to use the Safety Integrated functions via PROFIBUS or PROFINET, a safety slot
must first be created using the SIMATIC Manager Step 7 and HW Config. The procedure for
this is described in Chapter "Procedure for configuring PROFIsafe communication”.

The Safety Integrated Basic Functions can be individually and manually set using the expert
list — however the settings using the STARTER screen forms are more user-friendly and you
are less prone to making mistakes.

Calling Safety Integrated in STARTER using SINAMICS S120 as example

The STARTER screen form for "Safety Integrated" is called under Drives - Functions with a
double-click and can look like this for example (tree-type view depends on the specific

236

project):

-1-_] Cwives

Figure 8-1

® ) Insert drive
[ Drive_1
™ Insert DCC chartks
3 Drive navigator
» Configuration
» Control logic
+- ¥ Setpoint channel
+- ¥ Cpen-loop/closed-loop control
—|-- ¥ Functions
Line conkactor control
Brake control
Safety Inteqgrated
Flving-restart
Automatic restart
Friction characteriskic
Wdc controller
+- ¥ Messages and manitaring
+- ¥ Commissioning

LR T T T

STARTER tree to call Safety Integrated

To use the full functionality of STARTER screen forms, there must be an online connection
between the drives, the controller and STARTER.

Safety Integrated functions are selected using a pull-down menu:
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8.3 Commissioning of Safety Infegrated functions

oafety Integrated
safety function selection

" o Safety Integrated j

i f
| Copy parameters after g STO/SBC/SS1 wvia terminal
STO/SBC/ 351 wia FROFlsafe
S TO/SBC S5 wia FROFsafe and terminal
kation monitaring via ThdbdF
kation monitaring via FROFlsafe
kation monitaring via Thb4F and terminal
kation maonitaring via FROFlsafe and terminal

Figure 8-2  Selecting the Safety Integrated function

Depending on the selection that was made, different setting screen forms open:

Safety Integrated
Safety function selaction

Safe torque off [STO), Safe brake contiol [SBC). Sale stop 1 [551]

Fulse disable Channel 1 active
Safe stap 1 P Pulses

Free

Delay time STO selected Channel 1

0.00 3 Channel 1 Fulse disshle Channel 2 active

Control unit (terminal) e Pulses
Fi
| [ T - S L= ] chamner2
] OFF 3 STO STO active "STO active" output
Matar module (terminal EF) T G 40— [-
i 1 |° P a0

extended
STO selected settings Channel 1
iy ms Channel 2 0 oY

1

Safe brake closing Brake
active contral
logic

)

Safe brake control g
Channel 1 _— T Channel 2

[0] Inhikit SBC

Sate brake control
Channel 2
[0] Inhikit SBC

™ Copy parameters after download

Figure 8-3  STO/SBC/SS1 via terminals
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8.3 Commissioning of Safety Infegrated functions

Satety Integrated
Safety function selection

Safe torgue off [STO). Safe brake control (SBC). Safe stop 1 [551)

Safe stop 1
Delay time

0.00 5

STO selected
Channel 1

STO

extended

STO selected setings

\With S51 delay time (p9652) = 0 Channel 2

tfriggering of 351 via
PROFIsafe must be deactivated!

331
PROFlsafe |

Address e

0nonH

Safe brake contral
Channel 1

[0] Inhikit SBC

Fulse disahle Channel 1 active

! Free

Fulse disakle Channel £ active

STO active

O ]

"STO active" output

Pulses
Channel 1

Fulses
Channel 2

O—F

Channel 1
@)

| O |
1

Safe brake closing
achive

e

Channel 2

00ooH
Safe brake contral

Channel 2
[0] Inhikit SEC

™ Copy parameters after download

Figure 8-4  STO/SBC/SS1 via PROFlIsafe

Safety Integrated I
Safety function selection

Safe torque off [STO). Safe brake control [SBC). Safe stop 1 [$51)

Safe stop 1

Delay time

STO selected

0.00 Channel 1
—
—

Control unit (terminal)

o

0 s
T ] Oi
—;| OFF 3 ST0
g ~ 9] )
|D L=
0.00

extended

STO selected setlings

Channel 2

Motar module (terminal EF)
‘With 551 delay time (p9652) =0
triggering of 551 wia

& PROFlsafe must be deactivated!

351
PEOFlsafe |

Address el
ooooH

Safe brake control
Channel 1

[0] Inhikit SBC

Pulse disable Channel 1 active

Pulse disable Channel 2 active

ST0O active

! Free
(" Free

"STO active" output

Pulses
Channel 1

Pulses
Channel 2

—— |-

Channel 1

1 0| ')
s

Safe brake closing
acfive

e

Channel 2

ooooH
Safe brake control

Channel 2

[0] Inhikit SBC

I” Copy parameters after download

Figure 8-5  STO/SBC/SS1 via PROFlIsafe and terminal
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8.3 Commissioning of Safety Infegrated functions

NOTICE

For safety reasons, when using the STARTER commissioning tool (or SCOUT) you can
only set the safety-relevant parameters of the first channel offline.

In order to set the safety-relevant parameters of the second channel, place a check mark in
the checkbox "Copy parameters after download" and then establish an online connection to
the drive unit. Or establish an online connection to the drive unit first and then duplicate the
parameters by pressing the "Copy parameters" button on the start screen of the
configuration.

Note

For the encoder parameters (p9515 to p9529), which are used for safe motion monitoring,
the following procedure applies when copying:
o The following applies to safety-related functions that have not been enabled (p9501 = 0):
— When starting, the parameters are automatically set in the same way as the respective
corresponding encoder parameter (e.g. p0410, p0474, etc.).
e The following applies to safety-related functions that have been enabled (p9501 > 0):

— The parameters are checked for compliance with the respective corresponding
encoder parameter (e.g. p0410, p0474, etc.).

Please refer to the parameter descriptions in the corresponding List Manual for additional
information.

Note
Activating changed safety parameters

When exiting the commissioning mode (p0010 = 0), most of the changed parameters
immediately become active. However, for some parameters, a POWER ON is required. If
this is the case, a STARTER message or an alarm from the drive (A01693 or A30693) will
inform you of this.

When performing an acceptance test, a POWER ON is always required.

8.3.2 Prerequisites for commissioning the Safety Integrated functions
1. Commissioning of the drives must be complete.

2. Non-safe pulse suppression must be present, e.g. via
OFF1 ="0" or OFF2 ="0".

If the motor holding brake is connected and parameterized, the holding brake is applied.
3. For operation with SBC, the following applies:

A motor with motor holding brake must be connected at the corresponding connection of
the module or at the Safe Brake Adapter.

Safety Integrated
Function Manual, 03/2011, ASE03264275A 239



Commissioning

8.3 Commissioning of Safety Infegrated functions

8.3.3 Default settings for commissioning Safety Integrated functions without encoder

Additional default settings are required before commissioning Safety functions without an
encoder.

Vector drive

The ramp-function generator is automatically created if a vector drive is configured. Please
continue to the ramp-function generator configuration.

Servo drive
If a servodrive is configured, proceed as follows to call the ramp-function generator:

1. Activate the ramp-function generator: In the configured project, call the "Drive Navigator"
offline, select the device configuration and click on "Configure drive". In the next window,
under the function modules, select "Extended setpoint channel”. With "Next", proceed
with the configuration and when completed, exit with "Finish". The ramp-function
generator is now active and can be parameterized.

2. In the project window, open the ramp-function generator by double-clicking on <Drive
unit> > Drives —» <Drive> - Setpoint channel -~ Ramp-function generator:

Fiarp-furction generator l

Basic ramp-function generator j 4000.00 ps

0.000 rpm

0.000 rpm

[ =
[ 0 | .
= | 1] '
Enable zpeed setpoint
|\

Start ramp-function generator
yum| @

Bypazs ramp-function generatnr—O—

OFF1 enable mizzing —O—
> p—
FF3 enable mizzing —O— &

Internal enables |—O—

Bypasz ramp-function generator

jo —O0—

Enable ramp-function generator

pum —0—
m | J | J | E J Close Help

Figure 8-6  Ramp-function generator
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8.3 Commissioning of Safety Infegrated functions

3. Clicking on the button with the ramp opens the following window:

F 3
n

Ramp-up time

| 10,000 3

OFF3 ramp-down time

H 0,000 s—i
R arnp-down

10.000

e

0000 pm  fr==m=m————-

Y A

Currently effective times for raximum speed 0.000 rpm
Ramp-up time effective 1000 =
R amp-down time effective 1000 =

[

Enable O

Set ramp-function generator

o

Ramp generatar zetting value

b | [iEs

o

——

0.00 rpm

With reversal of direction, the ramp-down time iz effective first and then the ramp-up time in the opposite direction.

Claze

Help

Figure 8-7  Ramp-function generator ramp

4. Here, enter the data to define the ramp-function generator ramp.

5. Then you must carry out the motor measurements: Start with static measurements and
then take rotating measurements.
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Activating Safety Integrated

1. Open the Safety Integrated selection window via <Drive
unit> »Drives— <Drive> — Functions - Safety Integrated and select the Safety function
you require.

oafety Integrated
safety function selection

|N|:| mafety Integrated j

| Safeh, Ta| |
| Copy parameters after g STO/SBC/SS1 via terminal
STO/SBC/351 wia FROFlsafe
S TOSBCISET wvia FROFsafe and terminal
bdation monitaring wia ThibdF
kdation monitaring via FROFlsafe
bdation monitaring wia ThibdF and terminal
hdation monitaring via FROF|safe and terminal

Figure 8-8  Safety Integrated selection

2. In the drop-down menu below, select "[1] Safety without encoder”.

3. Then, open the configuration window and set the actual value acquisition cycle (p9511) to
the value of the current controller cycle (p0115[0]) (e.g. 125 psec).

4. Click "Gear factor" and set the actual value tolerance (p9542) to a larger value (e.g. 10
mm/min or 10 rpm) and the number of motor revolutions to match the pole pair number
(r0313).

5. Open SS1 and set the shutdown speed to >0.

6. Call Safely-Limited Speed, change all of the stop responses to "[0]STOP A" or "[1]STOP
B" and close the window.

7. The user-specific Safety settings can now be performed.
8. Click on "Copy parameters".

9. Switch off/switch on the drive to accept the changes.

Note

If during acceleration or deceleration, the drive outputs the message C01711/C30711

(message value 1041 to 1043), this indicates problems, for example, with values too high

for acceleration/deceleration. You have the following options to remedy this:

e Reduce the ramp gradient.

e Use the extended ramp-function generator (with rounding) to set a more gentle ramp
up.

e Reduce the precontrol.

e Change the values of parameters p9586, p9587, p9588, p9589 and p9783 (see
specifications in the List Manual).
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8.3.4

Terminology

Rules

Safety Integrated

8.3 Commissioning of Safety Infegrated functions

Setting the sampling times

The software functions installed in the system are executed cyclically at different sampling
times (p0115, p0799, p4099).

Safety functions are executed within the monitoring clock cycle (p9300/p9500) and TM54F is
executed within the sampling time (p10000). For Basic Functions, the cycle is displayed in
r9780/r9880.

Communication on PROFIBUS is handled cyclically by means of the communication clock
cycle.

During the PROFIsafe scan cycle, the PROFIsafe telegrams issued by the master are
evaluated.

® The monitoring clock cycle (p9300/p9500) can be set between 500 ps to 25 ms.

Note

The monitoring clock cycle must be the same on all drives and the TM54F.

However, the calculation time required for the Extended Functions in the Control Unit
depends on the monitoring clock cycle, that is, shorter clock cycles extend the calculation
time. The availability of a specific monitoring clock cycle therefore depends on calculation
time resources of the Control Unit.

Calculation time resources on the Control Unit are influenced primarily by the number of
drives, the number of drives with enabled Extended Functions, the connected DRIVE-
CLiQ components, the selected DRIVE-CLIiQ topology, the use of a CBE20 and by the
selected technological functions.

Note

Please note that the deactivated drives also affect the required CPU time. In the case of
utilization limits being reached, it is sufficient to deactivate one drive. This drive must then
be deleted.

e PROFIBUS

— The monitoring clock cycle (p9300/p9500) must be an integer multiple of the actual
value update clock cycle. p9311/p9511 are generally used for the clock cycle for
actual value acquisition. If p9311/p9511 = 0 in /sochronous operation the isochronous
PROFIBUS communication clock cycle is used, in non-isochronous operation the
actual update clock cycle in this case is 1 ms.

— The current controller cycle must be no more than a quarter of the length of the actual
value update clock cycle.

— The sampling time of the current controller (p0115[0]) must be at least 125 ps.
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® The sampling time of the TM54F must be the same as the monitoring clock cycle (p10000
= p9300/p9500).

Note

The Safety functions are carried out in the monitoring cycle (r9780/r9880 for Basic Functions
or p9500/p9300 for Extended Functions). PROFIsafe telegrams are evaluated in the
PROFIsafe scan cycle, which corresponds to twice the monitoring clock cycle.

Overview of important parameters
® p9300 Sl Motion monitoring clock cycle (Motor Module) (only Extended Functions)
® p9500 S| Motion monitoring clock cycle (Control Unit) (only Extended Functions)
® p9311 S| Motion actual value sensing clock cycle (Motor Module)
® p9511 S| Motion actual value sensing clock cycle (Control Unit)
e 9780 Sl monitoring clock cycle (Control Unit)
e 9880 Sl monitoring clock cycle (Motor Module)
e p10000 Sl sampling time (TM54F)
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8.4

8.4.1

Safety Integrated

8.4 Commissioning TM54F by means of STARTER/SCOUT

Commissioning TM54F by means of STARTER/SCOUT

Basic sequence of commissioning
The following conditions must be met before you can configure the TM54F:

® Concluded initial commissioning of all drives

Table 8- 1 Configuration sequence

Step Execution
1 Insert the TM54F
2 Configure the TM54F and generate the drive groups
3 Configuring Safety functions of the drive groups
4 Configure the inputs
5 Configure the outputs
6 Copy the parameters to the second drive object (TM54F_SL)
7 Change the safety password
8 Activate the configuration by selecting "Activate settings"
9 Save the project in STARTER
10 Save the project in the drive by selecting "Copy RAM to ROM"
11 Execute POWER ON
12 Acceptance test
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8.4 Commissioning TM54F by means of STARTER/SCOUT

8.4.2 Configuration start screen

Safety Integrated l

Terminal Module ThM54F

Configuration

SINAMICS

Drivve group 1

Drive group 2 Dt
hased
mation
Drive group 3 manitating

Cutputs

Drivee group 4

I Copy parameters after download

m = Close Help

Figure 8-9  Configuration start screen TM54F

The following functions can be selected in the start screen:
e Configuration

Opens the "Configuration" screen
® Inputs

Opens the "Inputs"” screen
e OQutputs

Opens the "Outputs" screen
® Drivegroup 1...4

Opens the corresponding screen of drive group 1 .... 4
e Copying parameters after download

By activating the "Copy parameters after download" option, the configuration is copied
into the 2nd drive object (TM54F_SL) after the download.
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8.4.3 TM54F configuration

Configuration screen of TM54F for Safety Integrated

Configuration @gl
b |

Drive ohjects assignment Drive groups F-0l discrepancy time
|Drive_1(2) | |Drive group 1 ~| 150.00 ms
|None L] |Drive group.] l] Th54F safety sampling time
|None j IDrive graup 1 j 12.00 ms
[None = [orve group 1 &l F-Dl inputfilter
|None j |Drive graup 1 j 1.00 ms
|None L] |Drive graup 1 L]

i'E After assignment of a drive to a drive group, the functions of the control interface
L) should be interconnected ar deactivated.

F-Dl selection
|[0] Statically active -

Safety alarm acknowledgement

F-DI/F-00 test cycle

Forced darm. error detection signal source

o o

¥

3.00 h

S S NN N NNYN YN C" """ “"“““"“NYC“NYC“NY“TTNTTYT"TT"TT"NTT"TW™
Help

Figure 8-10 TM54F configuration

Functions of this screen:
® Assigning drive objects (p10010)

Select a drive object to be assigned to a drive group.
® Drive groups (p10011)

Each configured safety drive can be assigned to a drive group using a drop-down list box.
The list box displays the drives and their names.
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® Discrepancy time (p10002)

The signal states at the two terminals of an F-DI are monitored in order to determine
whether these have assumed the same logical state within the discrepancy time.

Note

The discrepancy time must be set so that it is always smaller than the smallest expected
switching interval of the signal to this F-DI.

e Safety sampling time (p10000)
The Safety sampling time corresponds to the sampling time of TM54F.

Note

The Safety clock cycle (p10000) of the TM54F must be set so it is the same as the
monitoring clock cycle in p9300/p9500 for all the drives controlled by the TM54F.

® F-Dlinput filter (p10017)

Parameterizing the debounce time of the F-DIs and single-channel Dls of the TM54F.
The debounce time is rounded off to whole ms and then accepted. The debounce time
specifies the maximum time an interference pulse can be present at F-DIs before being
interpreted as a switching operation.

e F-DI selection (p10006)

The Extended Functions enter a safety message in a special message buffer upon
detection of internal errors or violations of limits. This alarm must be acknowledged
safely. You can assign an F-DI terminal pair for safe acknowledgment.

® Signal source, forced dormant error detection (p10007)

Select an input terminal to start the test stop: The test stop is started with a 0/1 signal at
the input terminal and is then only possible if the drive is not in commissioning mode. The
F-DI of the TM54F must not be used as a signal source.

® Test cycle, dynamization F-DO (p10003)

Fail-safe I/O must be tested at defined intervals in order to validate their fail-safety (test
stop, or forced dormant error detection). The TM54F module is provided with a function
block which is selected by means of a BICO source to execute this forced dormant error
detection (e.g. switch the L1+ and L2+ sensor power supply). Each selection triggers a
timer in order to monitor the test cycle. A message is set on expiration of the monitored
time. This message is also set following each switch on/off.
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8.4 Commissioning TM54F by means of STARTER/SCOUT

F-DI/F-DO configuration

Screen of the F-DI fail-safe inputs

Inputs @gj
X521 *B31
Dl MC Contact oi1a MC Contact
22 ?f-[:— Foo °[@ };.[:— F-DI &
3@ Ol 1+ & () ilo Di11+ & ()
o= |MCcontact i }5[:— I~ Test Di11- |MCcontact = }ﬁ[:— [ Test
6 Lo B2
Dl NC Contact DI12  NCContact
1o };.[:_ Foin @ };,li_ F-DI6
o & O sl 21 & O
Dl 3- MC contact - }d’v[:— I~ Test o3 |MCcontact - }d’v[:— [ Test
7o it
X522 X3z
DI NC Contact DI14  NCContact
1H2 }j’,ﬁ (P 112 e }d’,ﬁ F-DI 7
DI 5+ i
A 2 —O— Ll 2 O
Dl & MC contact - }é’v[:— ™ Test DI 15 MC contact hd }ﬁ'v[:— ™ Test
T 8%
Dls MNC Contact DIe MC Contact
3 }4&_ F-01 3 IS }5'l< F-Dl g
1o DI 7+ 2 () o D17+ & O
ol 7 NC contact - }j’v[:_ ™ Test DI17- |MCcontact z }ﬁl’)ﬁ_ [~ Test
B2 B2
Dig NC Contact DI18  NCContact
52 };’-[:_ FDIg 5[ }a-[:_ FOl3
5l DOl 9+ & O slo DI 19+ & O
Dlg-  |NCcontact - }5[:_ I Test DI1g- |MCcontact - }j’-[<_ it
3 32

TS s\ S\ R\ hshZ N h\ h\ \ "\ "\ LS. T\ "\ L.\ """ """ L "R NLRhTwRhww.Z.W™S

Close Help

Figure 8-11 Inputs screen

Safety Integrated

NC/NO contact (p10040)

Terminal property F-DI 0-9 (p10040.0 = F-DI 0, ... p10040.9 = F-DI 9), only the property of
the second (lower) digital input is set. Always connect an NC contact to digital input 1
(upper). Digital input 2 can be configured as NO contact.

Activate test mode (p10041)

A check mark at an F-DI defines whether the pair of digital inputs is to be integrated in the
forced dormant error detection test of the assigned power supply (L1+ or L2+) (for additional
information, see chapter "Forced dormant error detection", under Extended Functions).

LED symbol in the F-DI screen

The LED symbol after the AND element indicates the logical state (inactive: gray, active:
green, discrepancy error: red).
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Screen of the F-DO fail-safe outputs

‘[El] Mo function
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Figure 8-12 Outputs screen
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Signal source for F-DO (p10042 - p10045)

An AND element with 6 inputs is interconnected with each output terminal pair of an F-DO;
the signal sources for the AND inputs can be selected:

e [f a signal source is not connected to an input, then the input is set to HIGH (default),
exception: If a signal source is not connected at any input, then the output signal = 0

e Status signals of the drive of drive group 1 to 4

For additional information on status signals, see chapter "F-DO overview" in the "Control
by means of TM54F terminals".

Select test sensor feedback signal (p10046 [0..3]) and select test mode for test stop (p10047
[0..3])

The test of the feedback line for the dynamization can be activated at each F-DO and the
test mode can be selected for the test stop (for additional information, see Chapter "Forced
dormant error detection" under Extended Functions).

LED symbol in the F-DO screen

The LED symbol after the AND element indicates the logical state (inactive: gray, active:
green).

The LED symbol of the digital inputs DI20 to DI23 indicates the status of the digital input
(inactive: gray, active: green).
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8.4.5 Control interface of the drive group

Drive group E]@

Dirive group 1

Control interface ‘

F-DI selection Function Signal selection

|[E|] Statically active j - 5TO PR _remowed ﬂ

|[|:|] Statically active j - 551 S51_ackive j

|[|:|] Statically active j S5z S52_active j

|[|:|] Statically active j 505 SO5_ackive j

|[|:|] Statically active j SLS SLS_active j S

—— — 2]

|[E|] Statically active j SLS limit 1 SDI_pos_active j

[0] Statically active = | 5LS limit 2 SDI_neg_active j

|[E|] Statically active j SOI positive

|[E|] Statically active j 501 negative

ST TZssN TSNS sTs"\" " """ """ "“"T\"N\"T\"w™w ‘
Help

Figure 8-13  Screen, drive group

Functions of this screen:

® Selection of an F-DI for the STO, SS1, SS2, SOS and SLS functions and for the speed
limits (bit coded) of SLS and SDI (p10022 to p10031).

A separate screen is available for each drive group. An F-DI can be assigned several
functions in several drive groups.
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8.4.6

e Configuration of the "Safe State" signal (p10039)

A safety output signal "Safe State" can be generated for each drive group from the
following status signals:

— STO active (Power_removed)
— SS1 active

— 882 active

— SO0S active

— SLS active

— SDI positive

— SDI negative

The status signals from the same functions for different drives of a drive group are
logically AND'ed. The status signals of the individual functions (STO active, SS1 active,
etc.) are ORed.

The "Safe State" signals can be assigned to an F-DO.

Test stop of the TM54F

Test of the fail-safe inputs and outputs

252

Fail-safe I/O must be tested at defined intervals in order to validate their fail-safety (test stop,
or forced dormant error detection). For this purpose, the TM54F contains a function block
which carries out this forced dormant error detection when selected via a BICO source. To
monitor the time until the next required test, a timer is started after every error-free test stop.
A message is set on expiration of the monitored time and each time the Control Unit is
switched on.

The fail-safe digital inputs can be selected for the test stop. Three test stop modes can be
selected for testing the outputs (see following section). After a time interval (p10003) has
expired, the user is notified via message A35014 that a test stop must be performed for the
F-DI/DO of the TM54F.

When the appropriate safety devices are implemented (e.g. protective doors), it can be
assumed that operational machinery will not pose any risk to personnel. For this reason, an
alarm is only output to inform the user that a forced dormant error detection run is due and to
request that this be carried out at the next available opportunity.

Examples of when to carry out forced dormant error detection:

® \When the drives are at a standstill after the system has been switched on.
e Before the protective door is opened.

® At defined intervals (e.g. every 8 hours).

® |n the automatic mode (time and event dependent).
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8.4 Commissioning TM54F by means of STARTER/SCOUT

Carrying out a test stop:

Proceed as follows to parameterize the test stop:

1.

Determine the appropriate test stop mode for the circuits used in your application (see
diagrams in the following sections).

Set the test stop mode which is to be used via parameter p10047.

3. Use parameter p10046 to define which digital outputs (F-DO 0 to F-DO 3) are to be

tested. Note the following:
Digital outputs which are not tested will be switched off during the test stop.

Use parameter p10041 to define which fail-safe digital inputs are to be checked during
the test.

Inputs which do not have L1+ and L2+ power supplies may not be selected for the test.

Use parameter p10001 to set the time within which the digital output signals to the
corresponding digital inputs DI 20 ... DI 23 or DIAG inputs must be recognized. Select this
time depending on the maximum response time of the external F-DO circuit.

Use parameter p10003 to set the interval within which a test stop should be carried out.
After this time interval has expired, you will be notified using message A35014 that a test
stop must be performed for the TM54F.

. Set the signal source which triggers the start of the test stop using parameter p10007.

This can be, for example, a control signal or switch via a BICO switchable signal.

While the test stop is being carried out, the message A35012 (TM54F: Test stop active is
displayed). The F-DI values are frozen for the duration of the test stop/forced dormant error
detection. The messages A35014 and A35012 only disappear again after the test stop has
been performed. If an error is found during the test stop, fault F35013 is output. Using the
test sequence specified for each test stop mode, you can see which error has occurred from
the fault value of the test step.

Duration of test stop

F-DOs which are not registered for evaluation by means of p10046 are set to "0" for the
duration of the test stop ("fail-safe values").

Maximum test stop period: Treststop = TrpIs + TrFDOs

Test of the FDIs: Tepois =3 * p10000 + 3 * X ms
(X' =20 ms or p10000 or p10017 - the longest time value of the 3 values defines the
waiting time X)

® Test of the FDOs: Trpos =8 * p10000 + 6 * Y ms

Safety Integrated

(Y = p10001 or p10000 or p10017 - the longest time value of the 3 values defines the
waiting time Y)

Function Manual, 03/2011, ASE03264275A 253



Commissioning

8.4 Commissioning TM54F by means of STARTER/SCOUT

8.4.6.1 Test stop mode 1
24V - ext.
TM54F
DO+ S
| & DO 0+
“
S
@
=]
©
<
DIAG E DO 0-
DO- i
M1
Figure 8-14 F-DO circuit, test stop mode 1
Test step ! L1+ L2+ Comment
1 OFF ON Synchronization
3 OFF OFF F-DIs 0 ... 4 Check at 0 V
5 ON ON F-DIs5...9 Checkat 0 V
Test step 1 DO+ DO- Expected response, DIAG signal
6 OFF OFF LOW
8 ON ON LOW
10 OFF ON LOW
12 ON OFF HIGH
14 OFF OFF LOW

Test sequence for test stop mode 1

" You can find a complete list of the steps in the SINAMICS List Manual under message F35013.
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8.4 Commissioning TM54F by means of STARTER/SCOUT

8.4.6.2 Test stop mode 2
24V - ext.
TM54F

DO+

DO 0+

4|
TS

o DI |

DO 0-
DO-

M1

Figure 8-15 F-DO circuit, test stop mode 2

Test step” L1+ L2+ Comment

1 OFF ON Synchronization

3 OFF OFF F-DIs 0 ... 4 Checkat0 V

5 ON ON F-DIs 5...9 Check at 0 V
Test step? DO+ DO- Expected response, DI signal
6 OFF OFF HIGH

8 ON ON LOW

10 OFF ON LOW

12 ON OFF LOW

14 OFF OFF HIGH

Test sequence for test stop mode 2
1 You can find a complete list of the steps in the SINAMICS List Manual under message F35013.
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8.4 Commissioning TM54F by means of STARTER/SCOUT

8.4.6.3 Test stop mode 3
24V - ext.
TM54F
DO+
DO 0+
—a
D) 7 DI
DO 0-
4|
DO-
s M1
Figure 8-16  F-DO circuit, test stop mode 3
Test step” L1+ L2+ Comment
1 OFF ON Synchronization
3 OFF ON F-DIs 0 ... 4 Checkat0V
5 ON ON F-DIs5...9 Checkat 0 V
Test step? DO+ DO- Expected response, DI signal
6 OFF OFF HIGH
8 ON ON LOW
10 OFF ON HIGH
12 ON OFF HIGH
14 OFF OFF HIGH

Test sequence for test stop mode 3

" You can find a complete list of the steps in the SINAMICS List Manual under message F35013.
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8.464 Test stop mode parameters

Overview of important parameters
® p10000 S| sampling time
® p10001 Sl wait time for test stop at DO 0 ... DO 3
® p10003 Sl forced dormant error detection timer
e p10007 BI: Sl forced dormant error detection F-DO O ... 3 signal source
e p10017 Sl digital inputs, debounce time
® p10046 Sl test sensor feedback input DI 20 ... 23
® p10047[0...3] Sl select test mode for test stop

8.5 Procedure for configuring PROFIsafe communication

The next sections deal with a sample configuration of PROFIsafe communication between a
SINAMICS S120 drive unit and higher-level SIMATIC F-CPU operating as PROFIBUS
master. In this case a special safety connection ("safety slot") between the master and slave
is set up automatically.

HW Config can then be used to configure the PROFIsafe telegram 30 (sub-module ID = 30)
for the drive objects (abbreviation: DO).

Requirements for PROFIsafe communication

The following minimum software and hardware requirements apply for the configuration and
operation of safety-oriented communication (F communication):

Software:
e SIMATIC Manager STEP 7 V5.4 SP4 or higher
e S7 F Configuration Pack V5.5 SP5" or higher
e S7 Distributed Safety Programming V5.4 SP5" or higher
e STARTER V4.2 or SIMOTION SCOUT? V4.2
® Drive ES Basic V5.4 SP4 " or higher
Hardware:
® A controller with safety functions (in our example, SIMATIC F-CPU 317F-2)
e SINAMICS S120 (in our example, a CU320-2)
e Correct installation of the devices
1 When using a SIMATIC F-CPU
2 1f SIMOTION SCOUT is used however, SP6 cannot be used
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NOTICE

If a single software or hardware component is either older than those specified in this
document or is missing, PROFIsafe cannot be configured via PROFIBUS or PROFINET.

8.5.1 Configuring PROFIsafe via PROFIBUS

Topology (network view of the project)

Components participating in F communication via PROFIBUS are basically wired as follows:

PROFIBUS CPU with
Master Safety functions
F host
PROFIsafe

F-slave 1 F-slave 2

PROFIBUS
Slave

SINAMICS

S$120
object 1
object 2

Drive
Drive

®

Figure 8-17 Example of a PROFIsafe topology

Configuring PROFIsafe communication (example based on a Siemens F-CPU)

The next sections describe a configuration of PROFIsafe communication between a
SIMATIC F-CPU and a drive unit. It is helpful to regularly save intermediate states.
Creating a safety master

1. Create an F-CPU, e.g. CPU 317F-2, and a drive, e.g. SINAMICS S120 with CU320-2, in
accordance with the hardware installed in HW Config.

Safety Integrated
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To do this, start SIMATIC Manager and create a new project.

=% PROFIsafe over PROFIBUSe -- C:\Program Files\SiemensiStep7is7proj\PROFIs_5 : E|[X|

:IPROF| zafe over PROFIELUSE % MPI1]

Figure 8-18 Creating a new project

2. Create a SIMATIC S300 Station under "Insert".

FLC Wiew Options

Skation 1 SIMATIC 400 Skation

Subnet b 2 ':'-Ir'-'1iTIIZ_ 200 Skation

Prograrm * 3 5IMA
4 SIMATIC PC Skation
5 Other Skation
6 SIMATIC 55
7 PGIPC

Figure 8-19 Creating a new station

3. The HW Config tool opens by double-clicking on SIMATIC S300(1), and then on
"Hardware".

=% PROFIsafe over PROFIBUSe -- C:\Program Files\SiemensiStep7is7proj\PROFIs_5 : E|[X|

- PROFIzafe over PROFIEUSe Ew

SIMATIC 300(1)

Figure 8-20 Calling HW Config
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8.5 Procedure for configuring PROF/safe communication

4. First create a mounting rail ((0)UR) under HW Config in the lefthand window:
From the standard catalog under SIMATIC 300/RACK-300, drag the mounting rail to the
upper lefthand field (the cursor has a "+" character).

Window  Help

T e g

Station  Edit Insert PLC  Yiew Options

O e~ E B S

Find: | at] o

Profie:  [Stardard =
£

+ ﬁl FROFIBUS DP

22 PROFIBUS-P4
+ 32 PROFINET IO
=[ SIMATIC 300
+- ] C7
+-([] CP-200
+-(Z3 CPU-300
— +-(Z] FM-200
- +-[] Gateway
=27 IM-200
=] o R + (21 M7EXTENSION
+-([] P5-300
=[] RACK-300
= Rail
+-(Z7 5M-300
<-[ff] SIMATIC 400
+-[@ SIMATIC PC Based Control 3004400 %
BES7 390-17770-0440 £,

Available in various lengths =

il unl W) Rup R Sl oy EEUY ELN Y

| ™

Comment

Order number

[N Lol s ey R RS LN

Zhg

Press F1 to get Help,

Figure 8-21 Creating a mounting rail
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5. Select a Safety-capable CPU under SIMATIC 300/CPU 300:
In this case, for example, drag CPU 317F-2, V2.6 into the RACK on slot 2 (highlighted).

3 HW Config - SIMATIC 300(1) M=E3
Station  Edit PLZ  Wiew Options Window  Help

=6 & S g sn | = | %1 k2

Insert

I SIMATIC 300{1]) (Configuration] -- PROFlsafe over PROFIBUSe |
Eind:

Profile; | Standard

=[] CPU 317-2 PN/DP
=1 CPU 317F-2
+-(1] BES7 317-6FFO0-0ARD
={11 BEST 31 7-EFFO3-0ARD
B vz
7 s
® vor
(13 CPU 317F-2 PN/DP
(3 CPU 3182
@
0

4
= la
B L] 12

of|m|im o] ||k =

< |

v
— +
e
&= o v ;
¥
Slot Module Order runnber L Fi W | 3 | Comment <
1 +-] FM-3m0
+-[] Gateway
+-7 IM-300
+-[_1 M7-ExXTENSION

BEST 317-BFF03-04B0

whork. memary 1024K bytes; 0.05ms,1 000
ingtructions; MPl+ DP connector [DP master or
DF slave]; multi-tier configuration of up to 32 4,

|

1|
|4{H|(

Ofoo| = ||| £ oo ra

Press F1 to get Help, Chg

Figure 8-22 Creating an F host (master)
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6. In the rack: The "Properties - PROFIBUS interface DP" window is opened by double-

clicking on line X2. Under the tab "Parameter”, click on "Properties..." in the interface
field.

Properties - PROFIBUS interface DP [(RO/53.2)

General  Parameters l

Address: 2 -
Highest address: 126

Transmizsion rate: 12 Mbps

Subnet;
- it nebwark.ed -- Mew |
PROFIBIIS[T] "
Properties. .. |
Delete |

F, Cancel Help

Figure 8-23  Setting the PROFIBUS interface
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262 Function Manual, 03/2011, ASE03264275A



Commissioning

8.5 Procedure for configuring PROF/safe communication

7. Set the PROFIBUS interface under the "Parameter" tab, set the address, and with the
"Properties..." button, set the network settings, the transmission rate (e.g. 12 Mbit/s), the
profile (DP) and then acknowledge with "OK". This sets up the master.

Properties - PROFIBUS (%]

General  Metwork Settings l

Cptions... |

Highest PROFIELS
Address; [ Change

Transmizzion B ate: 500 Kbps A

Prafile:

Standard
|dzer-Defined

Buz Parameters. .. |

Cancel | Help |

Figure 8-24  Setting the PROFIBUS profile

8. In the "Properties" window of the F-CPU in the "Protection" tab:
— activate the access protection for the F-CPU and protect it with a password.
— Activate the safety program ("CPU contains safety program").

Creating a safety slave (drive)

1. The drive can either be selected in the catalog window under PROFIBUS-DP/SINAMICS/
SINAMICS S120/SINAMICS S120 CU320-2 or by installing a GSD file. Using the left
mouse button, drag the "SINAMICS S120 CU320-2" drive to the PROFIBUS line in the
upper lefthand window (the cursor has a + character) and release the mouse button. In
the following properties window, set the PROFIBUS address of the drive and exit the
following window with "OK".
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[ Hw Config - SIMATIC 300(1) M=
Station  Edit

0= &

EU1 SIMATIC 300(1) (Configuration) -- PROFIsafe over PROFIBUSe =13

Window Help

g G = v

Insert PLC  View Options

B S

o | T
— || | Profile: | Standard j

+ {1 SIMOREG ~
+-(_7] SIMOVERT

|

=10 SINAMICS
PROFIBUS[1]: DP master system (1) B SIMOTION CX32

B8 SIMOTION CX32 SM150
+- (1 SINAMICS G120

+- ([0 SINAMICS G130

||<

2 ¥ SINAMICS G150
2 #-( SINAMICS GL150
= #-(1 SINAMICS GM150

&= |0 A B S1200U3100P

Slat Module Order number | Fi.| M. | I..|0. | Comment

=21 SINAMICS 5120

B 5120CU320-2
+-7 SIN&MICS 5150

CPU 317F-2 DP BES7 317-6FFD3-0AV2 6|2

B SINUMERIK Nx10

MEDF = | B SINUMERIK Mx15 =

>
A7
A

o G +-gg SIMAMICS 5

+-gg SINAMICS G130/G150

+ {1 SINUMERIK

w
B5L3040-0xA00-0xx [5120) ~ £,
SIMAMICS 5120 CU3Z20 OF Slave. Drive ES /= —=

SIMOTION Interface, Cyclical and Acpclical  —
Communication, |zochronous Mode, Data -

[=l NN NN S, | N )

Press F1 to get Help, Chg

Figure 8-25 Selecting a drive

== [0] LR

CPU 317F-2DP FROFIBUS[T): DP master spstem [1)
MPLDP

8

Figure 8-26 Drive created

264

2. Double-clicking on the drive symbol opens the properties of the DP slave (here:
(7)SINAMICS S120). The telegrams for F communication are selected and displayed
(e.g. Siemens telegram 105) under "Configuration". Select the PROFIsafe telegram 30
under the option column. As a result, the "PROFIsafe..." button at the center left is
activated.
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DP slave properties

General  Configuration l |zochronows O peration ] Data Exchange Broadcast - Overview ]

8.5 Procedure for configuring PROF/safe communication

X

Drefault

am

Overview 4 Details /

FROFlsafe ...

I aster-zlave configuration 1
(21 DP
SIMATIC 300(1)

taster:
Statior:

Message frame selection
]

[

Opticn
¥ ||PROFlsafe messa...

-

Bl

Delete slot |

Inzert object |

Caomment: ‘

Cancel Help |

Figure 8-27 PROFIBUS DP slave properties

3. The F parameters important for F communication are set using the "PROFlsafe..." button.

PROFIsafe properties

F parameter l

X

Parameter name Yalue
F_Check_Seqghr MoCheck
F_SIL SiLz2
F_CRC_Lenath 2Bute-CRLC
F_Par_version 0

2002

200

150

Current F parameter CRC [CRC1) hexadecimal:

2700

Change value...

[}

Cancel | Help |

Figure 8-28 Setting the F parameters

The PROFIsafe mode is selected using parameters F_CRC_Length and P_Par_Version. The
PROFIsafe address is set using parameter F_Dest_Add.

Selecting the PROFIsafe mode

When selecting in HW Config, choose either the CU320-2 with PROFIsafe mode V1 or V2.
Modes V1.0 and V2.0 are possible for PROFIsafe, for PROFINET only mode V2.0 is

possible.
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The following value ranges can be set for the last two parameters of the list:
1. PROFIsafe destination address F_Dest_Add: 1-65534

F_Dest_Add determines the PROFIsafe destination address of the drive object.

Any value within the range is allowed, although it must be manually entered again in the
Safety configuration of the drive in the SINAMICS drive unit. The F_Dest_Add value must be
set in both p9610 and p9810. This can be done in a user-friendly fashion via the PROFIsafe
STARTER screen form (refer to the following diagram). The PROFIsafe destination address
of the F parameters must be entered here in the hexadecimal format (C8H in the example).

L 9 VULV VL LV L L LV LV LV VLN N

Safety Integrated l

S afety function selection

|3T0/5BC/551 via PROFIsale ]

Safe torque off [STO). Safe brake control [SBC). Safe stop 1 [551)

Pulse dizable Channel 1 active

Sate stop 1 Fro Pulzes
Delay time 5T0 selested Channel 1
.00 g Channe! 1 Pulse dizable Channel 2 active
sy Fros Pulzes
T H + (O— Channel 2
OFF 3 SUD ST active “5T0 active'* output
T o ( ) | u:)
—l extended
i — Channel 1
STO selected seftings
0.00 ms Channel 2 0=10 |
— 11 |:
: Safe brake closing Brake
active control
551 logic
PROFlzafe | — o =]
Address Safe brake control 1]
00ceH Charinel 1 T Chanhnel 2
[0] Inhibit SBC A
ODO0H Safe brake cantrol
Channel 2
[0] Inhibit SBEC
[ Copy parameters after download
m | | J | E J Cloze | Help

Figure 8-29 STARTER screen section from Safety Integrated: Setting the PROFIsafe address (example)
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2. PROFIsafe monitoring time F_WD_Time: 10-65535

A valid current safety telegram must be received from the F-CPU within the monitoring time
("watchdog"). The drive will otherwise switch to the safe state.

The monitoring time should be of sufficient length to ensure not only that the communication
functions tolerate telegram delays, but also that the fault response is triggered quickly
enough if a fault occurs (e.g. interruption of the communication connection).

For additional information on F parameters, refer to the online help of the ("Help subjects"
button).
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8.6 PROFIsafe via PROFINET

The next sections deal with a sample configuration of PROFIsafe communication between a
SINAMICS S120 drive unit and a higher-level SIMATIC F-CPU operating as PROFINET
master.

HW Config can then be used to configure the PROFIsafe telegram 30 (sub-module ID = 30)
for the drive objects (abbreviation: DO).

Requirements for PROFIsafe communication

The following minimum software and hardware requirements apply for the configuration and
operation of safety-oriented communication (F communication):

Software:
e SIMATIC Manager STEP 7 V5.4 SP4 or higher
e S7 F Configuration Pack V5.5 SP5" or higher
e S7 Distributed Safety Programming V5.4 SP5" or higher
e STARTER V4.2 or SIMOTION SCOUT? V4.2
® Drive ES Basic V5.4 SP4 " or higher
Hardware:
® A controller with safety functions (in our example, SIMATIC F-CPU 317F-2)
e SINAMICS S120 (in our example, a CU320-2)
e Correct installation of the devices
1 When using a SIMATIC F-CPU
2 1f SIMOTION SCOUT is used however, SP6 cannot be used

NOTICE

If a single software or hardware component is either older than those specified in this
document or is missing, PROFIsafe cannot be configured via PROFIBUS or PROFINET.
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8.6.1 Configuring PROFIsafe via PROFINET

Configuring PROFIsafe communication using SINAMICS S120 as an example

Configuring PROFIsafe via PROFINET is almost identical to configuring "PROFIsafe via
PROFIBUS".

In this case however, the SINAMICS drive unit and the SIMATIC F-CPU are in the same
PROFINET subnet and not in the same PROFIBUS subnet.

1. In HW Config, create a PROFINET-capable F-CPU, e.g. CPU 317F-2 PN/DP,
corresponding to the hardware that has been installed. Create a PROFINET subnet and
configure the F-CPU as an IO controller. Information about configuring an 10 controller of
F-CPU 317F-2 can be found in this reference:

Reference: SIMATIC PROFINET IO Getting Started: Collection

2. In the standard module catalog, under PROFINET IO, choose the module that you want
to connect to the PROFINET 10 subnet as an IO device, e.g. a CU320-2.

3. Drag the module to the line of the PROFINET IO subnet. The 10 device is inserted. The
Properties -> Ethernet Interface SINAMICS S120 window opens. An IP address is
recommended here and the subnet selected. Confirm with "OK" to accept the setting.

4. Save and compile the settings in HW Config, and then load them to the target device.

This sets up a PROFINET connection between the F-CPU and the SINAMICS S120 drive.
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[ Hw Config - [SIMATIC 300{1) {Configuration) -- PROFIsafe with PROFINET]

8.6 PROFlsafe via PROFINET

Eﬂ] Station  Edit  Insert PLC  Wiew Options ‘Window Help - 8 X
=58 & & C 5 e A
s ol x|
Find: ot o
-~ PROFIMET: PROFIMET-0-5ysterm [100] | J—*|
CPU 317F-2 Prafile: |Standard j
[115120.C1
= - B PROFINET IO ~
(23 Additional Field Devices
=2 Drives
—-(C3 SIMAMICS
+-(_] SINAMICS G120
+-_7 SINAMICS G130
+-_7 SINAMICS G150
b’ + [ SINAMICS GL1EO
< ? +- 13 SINAMICS GM150
—1-{_ SINAMICS 5120
:‘:I [1] 5120«CU320x22DP«CBE2D +-20 5120 CU310 PR
+-[0 5120 CU320 CRE20
Slot Module ... | Order number | address | O address | Do CJ —-[C0 SINAMICS §120 CU320-2 DF CEEZ0
& SIA0CH ER0 0P £S5 F S5 TRASR-8A 5 (08 FIEL »~ =] E 4.4 CREZ0
Ard LEET AN AR F7EA +-[@ Drive object
EYZ N s Sre [ Drive ohject without FZD
Evr N Wi S| +-_ SINAMICS 5150
At ] AwF S5 + ([ SINAMICS SL150
A’?‘f I Fl 4 F7E| + D Gateway
. Drive object <140
iz Frogam S S +-(_] Metwork Components
7 Shapdand aerasns S P P +-_] Sensors
13 o [ ClAATIC 200 b
2 E5L3 040-1kA00-04a0 [CBE20 in CU 320-20P, 5120) £,
3 SIMaICS 5120 CU320-2 DF CBE20W4.3 10 device with -
1 3 DriveES/SIMOTION interface, supports RT, IRT and
iznchronous operation.
Press F1 ko get Help. hg
Figure 8-30 Configuration of the PROFINET connection in HW Config
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1. Open the context menu of the drive object and select the command "Object properties™:
The "Properties — drive object" window appears. Select the PROFIsafe telegram via
PROFINET in this window. Using the "Options" tab, create the "PROFIsafe telegram 30".

Properties - Drive object - (R-/51)

General DDtiUNS]
FROFIzafe
Opticr: |N0 PROFIzafe j
Mo PRO
FROFsafe e frame 30
Cancel Help
Figure 8-31 Drive object option "PROFIsafe telegram"

In the overview for the SINAMICS drive, a PROFIsafe slot that needs to be configured is
displayed under "Drive object".

:|2| (1] 5120:CU320x24DP=CEE20

Slat b odule .. | Order number | address 0 addrezz | D...
& &I A 0 Rl E5F F A0 FMA -4 0 (08 ETE
EE EEESER I ETEA
AT A7 SIS
AT PR ETEE]
AT Foar ETER|
A7 P S5
1 Drive object a1

N2

E Sfdany areradme i

Fhamam St

Sa
(=

LU SN

UL SRS

Figure 8-32 Defining PROFIsafe for a drive

1. Under the drive module, select the "PROFIsafe" line and use the right-hand mouse key to
call up the properties of the PROFIsafe slot.
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2. Define the address area of the PROFIsafe telegram under the "Addresses" tab. The start
address for inputs and output is identical. To confirm your entries, choose "OK".

Properties - PROFIsafe E|
General Addiesses l PHDFIsafe]
Inputs
Start: L} Process image:
End: 13 UET F b
Outputs
Start: ] Frocess image:
End: 13 0BIF v
Cancel Help

Figure 8-33 Setting PROFINET addresses

3. Using the "PROFIsafe" tab, define the parameters important for Safety communication
("F parameters"). If the "PROFIsafe..." tab is inactive, then you can activate this button
for control using the "Activate..." button.

Properties - PROFlsafe [?|

Genera\] Addreszes  PROFlzafe l

Parameter name | Walue | Hex | Change value...
F_SIL SIL2

F_CRC_Length 3Byte-CRC

F_Block_ID 1]

F_Par_‘ersion 1

F_Source_Add 2000

F_Dest_Add 200 cs

F_wD_Time 150

Current F parameter CRLC [CRCT) hexadecimal:

4E0B
Cancel Help

Figure 8-34 Setting F parameters
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Setting F parameters:
The following range of values is valid for the the two last parameters of the list:

PROFIsafe destination address F_Dest_Add: 1 to 65534

F_Dest_Add determines the PROFIsafe destination address of the drive object.

Any value within the range is allowed, although it must be manually entered again in the
Safety configuration of the drive in the SINAMICS drive unit. The F_Dest_Add value must be
set in both p9610 and p9810. This can be done in a user-friendly fashion via the PROFIsafe
STARTER screen form (refer to the diagram in the chapter, Commissioning PROFlIsafe via
PROFIBUS).

PROFIsafe monitoring time F_WD_Time: 10 to 65535

A valid current safety telegram must be received from the F-CPU within the monitoring time.
The drive will otherwise switch to the safe state.

The monitoring time should be of sufficient length to ensure not only that the communication
functions tolerate telegram delays, but also that the fault response is triggered quickly
enough if a fault occurs (e.g. interruption of the communication connection).

Note

When you close the "PROFIsafe properties" dialog box, the fail-safe addresses (F_Dest_Add
and F_Source_Add) are checked to ensure that they are unique. This function is only
available, however, when the PROFINET link between SINAMICS S120 and SIMATIC F-
CPU has already been established.

For additional information about creating a safety program and accessing PROFIsafe user
data (e.g STW and ZSW) within the safety program, refer to the "SIMATIC, S7 Distributed
Safety - Configuring and Programming" Programming and Operating Manual.

Safety configuration (online) in the SINAMICS drive

The process of configuring the SINAMICS drive via PROFINET by means of Safety
Integrated screen forms is identical to that for configuration via PROFIBUS. Here, refer to the
following chapter, PROFIsafe configuration with STARTER.

Acceptance inspection

272

Once configuring and commissioning have been successfully completed, you need to carry
out an acceptance test of the drive safety functions (see chapter "Acceptance test and
acceptance report").

Note

If F parameters of the SINAMICS drive are changed in HW Config, the global signature of
the safety program in the SIMATIC F-CPU changes. In this way, the global signature can be
used to identify whether safety-relevant settings in the F-CPU (F parameters of the
SINAMICS slave) have changed. The global signature does not, however, contain any
changes to safety-relevant drive parameters set in SCOUT or STARTER.
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8.7 PROFlsafe configuration with STARTER

8.7 PROFIsafe configuration with STARTER

Activating PROFIsafe via the expert list

Acceptance test

In order to activate Safety Integrated Functions via PROFlsafe, bit 3 of p9601 and p9801 in
the expert list must be set to "1" and bit 2 to "0". Bit 0 must be set to either "1" or "0",
depending on whether the control via terminals is to be enabled in parallel via PROFIsafe or
not.

An acceptance test must be carried out once configuration and commissioning are complete
(see chapter "Acceptance test and acceptance report").

Note

If F parameters of the SINAMICS drive are changed in HW Config, the global signature of
the safety program in the SIMATIC F-CPU changes. This means that using the global
signature it is possible to identify whether safety-relevant settings have changed in the F-
CPU (F parameters of the SINAMICS slave). However, this global signature does not include
the safety-relevant drive parameters so that their change cannot be checked in this way.

8.8 Commissioning a linear/rotary axis

Safety Integrated

The next section outlines the safety commissioning procedure for a linear axis/rotary axis
when a TM54F is used.

1. Connect a PG to the drive and link it to the target device via STARTER.

2. In the STARTER project tree, select the required drive object and under Functions —
Safety Integrated open the start screen to configure Safety Integrated.

3. Click on the Change settings button. The window for selecting Safety Integrated opens.

4. Itis only possible to change Safety parameters after entering the valid Safety password
(parameter p9761 for the drives or p10061 for the TM54F).
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& 5120_CU320_2_DP.SERVO_01 - Safety Integrated

Safety Integrated ]
Safety function selection

|M0ti0n manitaring via ThME4F

|[D] Safety with encoder

Diagnostics of the zafety functions

Canfiguration

| () sTO active

kotion monitoring O SBC active

Safe bagic functions ;
[5TO, SBC O 331 ackive
() 552 active
Sichere Stoppfunktionen

[551,552, 505, 5AM) O SO5 ackive

Safety functions O 3L3 limik walue bik 0

Irhibit - | — Safely l[lglE? speed O 5LS active

() 5L limit walue bit 1

Safe speed monitoring O Geschwindigkeit unter Grenzwert 330
[S5H)

O SDI positive direction

Safe mo[gﬂglfifecnﬂn O SOI negative direction

| O Shutdown paths require testing

Acceptance O Internal event

[~ Copy parameters after download

m | J | J ,7 E J Close Help

Figure 8-35 Safety Integrated commissioning of a linear/rotary axis

5. Select Motion Monitoring via TM54F from the list Select Safety Function.

6. Use the list of safety functions to enable the safety functions (p9501). Then click on the
Configuration button.

7. The safety configuration screen of the drive opens.
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274 Function Manual, 03/2011, ASE03264275A



Commissioning

8.8 Commissioning a linear/rotary axis

3
N

Configuration

Safety-Abtaztzeit Antrieh Actual value acquigition clock

0.0000 Mg
) Safe pogitioning accuracy
Cirive bope
- - - 0.00000 mm
|[I:I] Linear asis ﬂ Encoder parameterization |

Safe marimunm velocity

.00 mmmAmin

Pulze suppr. test duration
M-
[ Ext. alarm acknowledgement 100.00 ms

Forced dormant error
detection reauired

= — T O —0OF =
B0 h

Remain. time til 1] 0 1]
Testzstop:  Dayz Hours Minutes

STsSTss\s"\" """ """ """ “"“"“"“"“" "~

Cloze | Help |

Test stop selechion Test gtop tezt duration

Figure 8-36 Safety configuration: Drive
8. For the drive, set the same Monitoring clock cycle (safety clock cycle) as for the TM54F
(see "TM54F Configuration").

9. Set the required Drive type (linear axis / rotary axis) (p9502). Continue at item 15 if you
have not changed the selected drive type.

10.Close the screen. Click on the Copy parameters and then click on Activate settings (exit
commissioning mode, p0010=0).

11.Execute the "Copy RAM to ROM" function for the Entire project by clicking the "Entire
project” button.

12.Perform a POWER ON. The new parameterization is now active.

13.Reconnect STARTER to the target device. The messages that are displayed indicate that
safety commissioning was not completed (different actual and target checksum) can be
ignored.

14.Load the project into the PD. The display of parameter units (rotary/linear axis) will be
updated accordingly in STARTER.

15.Complete the configuration by adapting the parameterization of the required monitoring
limits, timers, encoder settings, etc.
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8.9 Modular machine concept Safety Integrated

The modular machine concept for Safety Integrated Basic Functions and Extended
Functions provides support for commissioning modular machines. A complete machine,
including all its available options, is created in a topology. Only those components that are
actually implemented in the finished machine are later activated. Likewise, certain

components can also be deactivated to begin with and reactivated if they are required at a
later stage.

With the modular machine concept, a distinction is made between the following applications:

® Once the components with Safety functions have been activated for the first time after
series commissioning, the hardware replacement needs to be confirmed (see
"Information about replacing components" in this manual).

® Once all the drives (including Safety Integrated Extended Functions) have been
commissioned, they are to be deactivated (p0105) without changing the hardware.

They can only be activated again with a subsequent warm start or by means of POWER
ON.

CAUTION

Deactivation of drive objects or power unit components using parameter p0895 is not
permitted when the Safety functions are enabled.

® The DOs of the TM54F can be deactivated by means of parameter p0105. The TM54F
itself can only be deactivated when all the drives entered in p10010 "SI drive object
assignment” were deactivated separately by means of p0105 beforehand.

® \When spare parts are required and the drive is deactivated (p0105) during the delivery
period for the required hardware component. Reactivation with subsequent warm start or
POWER ON and confirmation of hardware replacement (see "Information about replacing
components” in this manual).

e Component exchange on a Control Unit (e.g. to localize faults). For Safety Integrated, this
is the same as a hardware replacement. After a warm start or POWER ON, the process
of exchanging hardware must be confirmed in order to complete it (see "Information
about replacing components” in this manual).
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8.10 Information pertaining to component replacements

Replacing a component from the perspective of Safety Integrated

Note

When replacing certain components (Control Unit, Motor/Power Modules when using a
TM54F, Sensor Modules or motors with DRIVE-CLIQ interface), this process must be
acknowledged in order to secure that the communication connections are re-established in
the device. When replacing other components, no acknowledgement is required since the
communication connections to be renewed are saved automatically.

AWARN ING

Observe the instructions with regard to changing or replacing software components in the
chapter "Safety instructions".

1. The faulty component was replaced in accordance with safety regulations.
2. Switch on the machine, but first ensure that there are no persons in the danger zone.
3. Only when you control the Extended Functions via TM54F:

— Alarm A35015 is output, indicating the replacement of a Motor/Power Module.

— With STARTER/SCOUT:

- Click on "Acknowledge hardware replacement" in the start screen of the drive Safety
functions.

- The alarms FO01650/F30650 (acceptance test required) are output.

— If you are working without STARTER with SINAMICS with BOP or with SIMOTION
with HMI:

- Start the copy function for Node Identifier on the TM54F (p9700 = 1D hex).
- Confirm the hardware CRC on the TM54F (p9701 = EC hex).

You need to carry out these two steps when replacing a Sensor Module on the drive
object, which corresponds to the appropriate drive, and when replacing a Motor Module
on the drive object, which corresponds to the TM54F_MA (if installed).
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8.1
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Alarm A01695 is output, indicating the replacement of a Sensor Module. As a
consequence, a defect is also signaled in a monitoring channel (C30711 with message
value 1031 and stop response STOP F).

— With STARTER/SCOUT:
-Click in the start screen of the Safety functions of the drive on the "Acknowledge
hardware replacement" button.
-Fault F30650(3003) (acceptance test required) is output.

— If you are working without STARTER for SINAMICS with BOP or for SIMOTION with
HMI:
- Start the copy function for node identifier at the drive (p9700 = 1D hex).
-Confirm the hardware CRC at the drive (p9701 = EC hex).

Back up all parameters on the memory card:

— With BOP or AOP30: Set p0977 = 1.

— With STARTER: "Copy RAM to ROM" function.

Carry out a POWER ON (power off/on) for all components.

7. Carry out an acceptance text and acceptance report according to Chapter "Acceptance

test and acceptance report" and table "Effect of the acceptance test for certain
measures".

/I\WARNING

Before re-entering the danger area and before resuming operation, a (partial) acceptance
test must be carried out for all the drives affected by the component exchange (see the
"Acceptance test and acceptance report" chapter).

Information pertaining to series commissioning

A commissioned project that has been uploaded to STARTER can be transferred to another
drive unit keeping the existing safety parameter assignment.

1.
2.
3.

Load the STARTER project into the drive unit.
Switch on the machine, but first ensure that there are no persons in the danger zone.

The following alarms are only output if you are controlling the Extended Functions via
TM54F:

— FO01650 (fault value 2005) indicates the replacement of a Control Unit.
— A35015 indicates the replacement of a Motor Module.

— A01695 indicates the replacement of a Sensor Module. As a consequence, a defect is
also signaled in a monitoring channel (C30711 with fault value 1031 and stop
response STOP F).
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8.11 Information pertaining to series commissioning

. With STARTER/SCOUT:

— Click on Acknowledge hardware replacement in the start screen of the Safety
functions.

— Faults FO1650/F30650 are output (acceptance test required, see chapter "Acceptance
test and acceptance report”, table "Effect of the acceptance tests for specific
measures").

. If you are using SINAMICS with a BOP or SIMOTION with HMI, then you must perform

the following steps:
— Start the copy function for Node Identifier (p9700 = 1D hex)
— Confirm the hardware CRC on the drive object (p9701 = EC hex)

Carry out these two tasks after having replaced a Motor/Power Module at drive object
servo or vector, and after having replaced a Motor Module at drive object TM54F_MA (if
installed).

. Back up all parameters on the memory card (p0977 = 1).

. Carry out a POWER ON (power off/on) for all components.

/I\WARNING

Before re-entering the danger area and before resuming operation, a simplified function test
must be carried out for all the drives affected by the component exchange (see chapter
"Acceptance test and acceptance report").

Safety message for standard commissioning with Safety Integrated Extended Functions

Safety Integrated

If third-party motors with absolute encoders are being used, a situation may arise where a
Safety message prevents commissioning.

One reason for this may be that a different serial number of the absolute encoder is saved
on the memory card than that in the Control Unit which is to be commissioned. The Safety
message can only be acknowledged once the serial number for the absolute encoder has
been corrected manually (e.g. with STARTER). Instructions on this are provided in the
chapter "Information about replacing components”. You can then carry on with the
commissioning.
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9.1 Input/output interconnections for a safety switching device with

TM54F

TMb54F: interconnecting F-DO with safe input on safety switching device

9

Note

These typical circuit diagrams are only valid for version B of TM54F devices.

Equivalent
input

Safe
input

Antivalent
input

E

XY

/

2]
TM54F
DO 0+
T,

2l
External
pull-up

F-DO I:] resis-
tor
32 kOhm
DO 0-
4|
M1

M1
xt. 24 V

A,

Figure 9-1 TM54F F-DO at equivalent/antivalent safe input on safety switching device (e.g. safety

PLC)

The external pull-up resistor is only required in exceptional cases, see below.
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9.1 Input/output interconnections for a safety swifching device with TM54F

TMb54F: Interconnecting F-DI with a plus-minus switching output on a safety switching device

/N\WARNING

In contrast to mechanical switching contacts (e.g. Emergency Stop switches), leakage
currents can still flow in semiconductor switches such as those usually used at digital
outputs even when they have been switched off. This can lead to false switching states if
digital inputs are not connected correctly.

The conditions for digital inputs/outputs specified in the relevant manufacturer
documentation must be observed.

/N\WARNING

In accordance with IEC 61131 Part 2, Chapter 5.2, when interconnecting the digital inputs
of the TM54F with digital semiconductor outputs, only outputs that have a maximum
residual current of 0.5 mA when in the "OFF" state can be used.

Input filter
Test signals from the controls can be filtered out using parameter p10017 (Sl digital inputs,
debounce time) so that faults are not misinterpreted.

F-DI = safety-oriented dual-channel digital input
F-DO = safety-oriented dual-channel digital output

If digital outputs from another device (e.g. F-DOs on a safety PLC) with a residual current
greater than 0.5 mA in the "OFF" state are connected to the F-Dls of the TM54F, then F-DI
load resistors should be connected up in the channel involved.

The maximum permissible voltage for a TM54F F-DI when "OFF" is 5 V (in accordance with
IEC 61131-2).

The following two diagrams show exactly how the protective circuits for F-Dls with additional
load resistors are wired.
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9.1 Input/output interconnections for a safety switching device with TM54F

M1
I Ext. 24 V

Safety-relevant
output * Load resistors (if required)

Figure 9-2  TM54F F-DI at plus-minus switching safe output on safety switching device (e.g. safety
PLC)

TMb54F: interconnecting F-DI with plus-plus switching output on safety switching device

M1
Ext. 24 V
TM 54F
DO 1+ DI O
N I
DO 2+ DI 1+
>~
[] DI1- 0
—
Safety-relevant M1
output * Load resistors (if required))

Figure 9-3  TM54F F-DI at plus-plus-switching safe output on a safety switching device (e.g. safety
PLC).

Dimensioning the load resistors - example 1:

According to the manufacturer's documentation, the leakage current of an F-DO of a safety
PLC for the P and F channels is 1 mA; in other words, it is around 0.5 mA higher than is
permissible for the F-DI.

The necessary load resistance is therefore R = 5 V/0.5 mA = 10 kQ.

At the maximum supply voltage, the power loss for this resistor is:

P = (28.8 V)3R = 83 mW. The resistor is to be permanently dimensioned for this power loss.
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9.2 Application examples

Dimensioning the load resistors - example 2:

If additional conditions for the digital output (e.g. a minimum load or a maximum load
resistance) are specified in the manufacturer's documentation, then these must be taken into
account.

For example, a load between 12 Q and 1 kQ is specified for the SIMATIC ET200S 1/O
module 4 F-DO (6ES7138-4FB02-0AB0).

Therefore, two additional load resistors with a continuous load capacity of at least P =

(28.8 V)*R = 830 mW are required to connect an F-DO of this kind to a TM54F F-DI.

If a controlled 24 V power supply is used (e.g. SITOP), a resistor with a significantly lower
power loss is sufficient.

Note
Open-circuit detection for the load resistance

If the load resistance is greater than 1 kQ, F-DO open-circuit detection is no longer reliable
and has to be switched off.

9.2 Application examples
Application examples can be found at the following Siemens website:
http://support.automation.siemens.com/WW/view/en/20810941/136000t
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10.1

Safety Integrated

General information

The acceptance test requirements (configuration check) for electrical drive safety functions
emanate from DIN EN 61800-5-2, Chapter 7.1 Point f). The acceptance test "configuration
check" is cited in this standard.

e Description of the application including a picture

e Description of the safety-relevant components (including software versions) that are used
in the application

o List of the PDS(SR) [Power Drive System(Safety Related)] safety functions used
e Results of all tests of these safety functions, using the specified testing procedure
o List of all safety-relevant parameters and their values in the PDS(SR)

® Checksum, test date and confirmation by testing personnel

The acceptance test for systems with Safety Integrated Functions (S| functions) is focused
on validating the functionality of Safety Integrated monitoring and stop functions
implemented in the drive system. The test objective is to verify proper implementation of the
defined safety functions and of test mechanisms (forced dormant error detection measures)
and to examine the response of specific monitoring functions to the explicit input of values
outside tolerance limits. The test must cover all drive-specific Safety Integrated motion
monitoring functions and global Safety Integrated functionality of Terminal Module TM54F (if
used).

/I\WARNING

A new acceptance test must be carried out if any changes were made to Sl function
parameters and must be logged in the acceptance report.

Note

The acceptance test is designed to ensure that the safety functions are correctly
parameterized. The measured values (e.g. distance, time) and the system behavior identified
(e.g. initiation of a specific stop) can be used for checking the plausibility of the configured
safety functions. The objective of an acceptance test is to identify potential configuration
errors and/or to document the correct function of the configuration. The measured values are
typical values (not worst case values). They represent the behavior of the machine at the
time of measurement. These measurements cannot be used, for example, to derive
maximum values for over-travel.
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10.2

Acceptance test structure

Authorized person, acceptance report

The test of each Sl function must be carried out by an authorized person and logged in the
acceptance report. The report must be signed by the person who performed the acceptance
test. The acceptance report must be kept in the logbook of the relevant machine. Access
rights to S| parameters must be protected by a password. The procedure must be
documented in the acceptance report — the password itself must not appear there.
Authorized in this sense refers to a person who has the necessary technical training and
knowledge of the safety functions and is authorized by the machine manufacturer to carry
out the acceptance test.

Note
Comply with the information in the chapter "Procedures for initial commissioning".
The acceptance report presented below is both an example and recommendation.

An acceptance report template in electronic format is available at your local Siemens sales
office.

Necessity of an acceptance test

286

For first commissioning of the Safety Integrated functionality on a machine, a "complete
acceptance test" is required. Safety-related function extensions, transfer of the
commissioning settings to other series machines, hardware changes, software upgrades,
etc., permit the acceptance test to be performed with a reduced scope if necessary. A
summary of conditions which determine the necessary test scope or proposals in this context
is provided below.

In order to define a partial acceptance test, it is necessary in the first instance to specify the

acceptance test objects, and in the second instance to define logical groups which represent
the elements of the acceptance test. The acceptance test must be carried out separately for
each individual drive (as far as the machine allows).
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10.2 Acceptance test structure

Prerequisites for the acceptance test

® The machine is properly wired.

o All safety equipment such as protective door monitoring devices, light barriers or
emergency limit switches are connected and ready for operation.

® Commissioning of the open-loop and closed-loop control should be completed, as e.g.
the over-travel distance may otherwise change as a result of a changed dynamic
response of the drive control. These include, for example:

— Configuration of the setpoint channel
— Position control in the higher-level controller

— Drive control

Note on the acceptance test mode

Safety Integrated

The acceptance test mode can be activated for a definable period (p9358/p9558) by setting
the appropriate parameters (p9370/p9570). It tolerates specific limit violations during the
acceptance test. For instance, the setpoint speed limits are no longer active in the
acceptance test mode. To ensure that this state is not accidentally kept, the acceptance test
mode is automatically exited after the time set in p9358/p9558.

It is only worth activating acceptance test mode during the acceptance test of the SS2, SOS,
SDI and SLS functions. It has no effect on other functions.

Normally, SOS can be selected directly or via SS2. To be able to trigger violation of the
standstill limits with acceptance test mode active (even in the SS2 state) the setpoint is
enabled again by the acceptance test mode after deceleration and transition to SOS to allow
the motor to travel. When an SOS violation is acknowledged in the active acceptance test
mode, the current position is adopted as the new stop position so that an SOS violation is
not immediately identified again.

/N\WARNING

If a speed setpoint other than zero is present, the active stop function SS2 is set, and the
motor is at a standstill (active SOS), the axis starts to move as soon as the acceptance test
is activated.
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10.2.1 Content of the complete acceptance test

A) Documentation

Documentation of the machine and of safety functions

1. Machine description (with overview)

2. Specification of the controller (if this exists)

3. Configuration diagram

4. Function table:
— Active monitoring functions depending on the operating mode and the protective door,
— Other sensors with protective functions,
— The table is part or is the result of the configuring work.

5. Sl functions for each drive

6. Information about safety equipment

B) Functional testing of safety functions

Detailed function test and evaluation of Sl functions used. For some functions this contains
trace recordings of individual parameters. The procedure is described in detail in the
"Acceptance test" section.

1. Test of the Sl function "Safe Torque Off" (STO)
— Required when used in Basic and/or Extended Functions

— This test is also required if you are not explicitly using STO, but just one function for
which STOP A occurs as an error response.

Alternatively you can also perform the quality test yourself with STOP A, if you use the
tables from the sections "Acceptance test Safe Torque Off (Basic Functions)",
"Acceptance test Safe Torque Off with encoder (Extended Functions)" or. "Acceptance
test Safe Torque Off without encoder (Extended Functions)".

— You do not need to prepare trace recording for this test.
2. Test of the Sl function "Safe Stop 1" (SS1)
— Required when used in Basic and/or Extended Functions

— This test is also required if you are not explicitly using SS1, but just one function for
which STOP B occurs as an error response.

Alternatively you can also perform the quality test yourself with STOP B, if you use the
tables from the sections "Acceptance test for Safe Stop 1 with encoder (Extended
Functions)" or "Acceptance test for Safe Stop 1 without encoder (Extended
Functions)".

— Trace recording only required if Extended Functions are used
3. Test of the Sl function "Safe Brake Control" (SBC)
— Required when using Basic and/or Extended Functions

— You do not need to prepare trace recording for this test.
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10.2 Acceptance test structure

4. Test of the Sl function "Safe Stop 2" (SS2)
— Only required when used in Extended Functions

— This test is also required if you are not explicitly using SS2 but just one function for
which STOP C occurs as a fault reaction.

Alternatively, you can also carry out the quality test using STOP C yourself, if you use
the table from section "Acceptance test for Safe Stop 2 (Extended Functions)".

— Trace recording is required
5. Test of the Sl function "Safe Operating Stop" (SOS)
— Only required when used in Extended Functions

— This test is also required if you are not explicitly using SOS, but just one function for
which STOP D and/or STOP E occurs as an error response.

Alternatively, you can also perform the quality test using STOP C, STOP D or STOP E
yourself, if you use the table from section "Acceptance test for Safe Operating Stop
(Extended Functions)".

— Trace recording is required
6. Test of the Sl function "Safely Limited Speed" (SLS)

— Only required when used in Extended Functions

— Trace recordings are required for each SLS limit used
7. Test of the Sl function "Safe Direction" (SDI)

— Only required when used in Extended Functions

— Trace recordings are required for each stop response used
8. Test of the Sl function "Safe Speed Monitor" (SSM)

— Only required when used in Extended Functions

— Trace recording is required
C) Functional testing of forced dormant error detection

Test of the forced dormant error detection of the safety functions on each drive (for each
control mode) and the TM54F (if used).

1. Test of the forced dormant error detection of the safety function on the drive

— If you are using Basic Functions, you need to activate and then deactivate STO once
again.

— If you are using Extended Functions, you need to carry out a test stop.
2. Test of the forced dormant error detection of the TM54F (if present)
— Only if Extended Functions are used

— Carry out test stop of the TM54F
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10.2.2
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D) Conclusion of the report

Report of the commissioning status tested and countersignatures

1.
2.
3.

Inspection of Sl parameters
Logging of checksums (for each drive)

Issuing of the Safety password and documenting this process (do not specify the Safety
password in the report!)

RAM to ROM backup, upload of project data to STARTER, and backup of the project

Countersignature

Content of the partial acceptance test

A) Documentation

Documentation of the machine and of safety functions

1.

5.
6.

Extending/changing the hardware data

2. Extending/changing the software data (specify version)
3.
4

. Extending/changing the function table:

Extending/changing the configuration diagram

— Active monitoring functions depending on the operating mode and the protective door
— Other sensors with protective functions

— The table is part or is the result of the configuring work

Extending/changing the Sl functions per drive

Extending/changing the specifications of the safety equipment

B) Functional testing of safety functions

Detailed function test and evaluation of Sl functions used. For some functions this contains
trace recordings of individual parameters. The procedure is described in detail in the
"Acceptance test" section.

The function test can be left out if no parameters of the individual safety functions have been
changed. In the case that only parameters of individual functions have been changed, only
these functions need to be tested anew.

1.

Test of the Sl function "Safe Torque Off" (STO)
— Required when used in Basic and/or Extended Functions

— This test is also required if you are not explicitly using STO, but just one function for
which STOP A occurs as an error response.

Alternatively you can also perform the quality test yourself with STOP A, if you use the
tables from the sections "Acceptance test Safe Torque Off (Basic Functions)",
"Acceptance test Safe Torque Off with encoder (Extended Functions)" or. "Acceptance
test Safe Torque Off without encoder (Extended Functions)".

— You do not need to prepare trace recording for this test.
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10.2 Acceptance test structure

. Test of the Sl function "Safe Stop 1" (SS1)

— Required when used in Basic and/or Extended Functions

— This test is also required if you are not explicitly using SS1, but just one function for
which STOP B occurs as an error response.

Alternatively you can also perform the quality test yourself with STOP B, if you use the
tables from the sections "Acceptance test for Safe Stop 1 with encoder (Extended
Functions)" or "Acceptance test for Safe Stop 1 without encoder (Extended
Functions)".

— Trace recording only required if Extended Functions are used

. Test of the Sl function "Safe Brake Control" (SBC)

— Required when using Basic and/or Extended Functions

— You do not need to prepare trace recording for this test.

. Test of the Sl function "Safe Stop 2" (SS2)

— Only required when used in Extended Functions

— This test is also required if you are not explicitly using SS2 but just one function for
which STOP C occurs as a fault reaction.

Alternatively, you can also carry out the quality test using STOP C yourself, if you use
the table from section "Acceptance test for Safe Stop 2 (Extended Functions)".

— Trace recording is required

. Test of the Sl function "Safe Operating Stop" (SOS)

— Only required when used in Extended Functions

— This test is also required if you are not explicitly using SOS, but just one function for
which STOP D or STOP E occurs as an error response.

Alternatively, you can also perform the quality test using STOP C, STOP D or STOP E
yourself, if you use the table from section "Acceptance test for Safe Operating Stop
(Extended Functions)".

— Trace recording is required

. Test of the Sl function "Safely Limited Speed" (SLS)

— Only required when used in Extended Functions

— Atrace recording is required for each SLS limit used

. Test of the Sl function "Safe Direction" (SDI)

— Only required when used in Extended Functions

— Atrace recording is required for each stop response used

. Test of the Sl function "Safe Speed Monitor" (SSM)

— Only required when used in Extended Functions

— Trace recording is required
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C) Functional testing of forced dormant error detection

Test of the forced dormant error detection of the safety functions on each drive (for each
control mode) and the TM54F (if used).

1. Test of the forced dormant error detection of the safety function on the drive

— If you are using Basic Functions, you need to activate and then deactivate STO once
again.

— If you are using Extended Functions, you need to carry out a test stop.
2. Test of the forced dormant error detection of the TM54F (if present)

— Only if Extended Functions are used

— Carry out test stop of the TM54F
D) Functional testing of actual value acquisition
1. General testing of actual value acquisition

— After exchanging the component, initial activation and brief operation in both
directions.

AWARN ING

During this process, all personnel must keep out of the danger area.

2. Test of failsafe actual value acquisition
— Only necessary if Extended Functions are used

— If the motion monitoring functions are activated (e.g. SLS or SSM with hysteresis),
briefly operate the drive in both directions.

E) Conclusion of the report
Report of the commissioning status tested and countersignatures
1. Extension of checksums (for each drive)

2. Countersignature

Safety Integrated
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10.2.3

Scope of partial acceptance tests for specific measures

Test scope for specific measures

10.2 Acceptance test structure

The measures and points specified in the table refer to the information given in section
"Content of the partial acceptance test".

Table 10- 1  Scope of partial acceptance tests for specific measures

Measure A) Documentation | B) Functional testing of | C) Functional D) Functional E) Conclusion

safety functions testing of forced testing of actual of the report
dormant error value acquisition
detection

Replacement of Yes, Points 1 and | No No Yes Yes
the encoder 2

system

Replacement of an | Yes, Points 1 and | No No Yes Yes
SMC/SME 2

Replacement of a | Yes, Points 1 and | No No Yes Yes
motor with DRIVE- | 2

CLiQ

Replacement of Yes, Points 1 and | No Yes, only Point 1 | Yes, only Point 1 | Yes
the Control Unit/ |2

power unit

hardware

Replacing the Yes, Points 1 and | Yes, Points 1 or2and | Yes, only Point1 | Yes, only Point 1 | Yes
Power Module 2 3

Replacing the Yes, Points 1 and | Yes, but only testing of | Yes Yes, only Point1 | Yes
TM54F 2 the selection of the

safety functions

Firmware - Yes, only Point 2 Yes, if new safety Yes Yes, only Point 1 | Yes
upgrade(CU/power functions are to be

unit/ Sensor used

Modules)

Change to a single | Yes, Points 4 and | Yes, test the No Yes Yes
parameter of a 5. appropriate function

safety function

(e.g. SLS limit)

Transfer of project | Yes Yes, but only testing of | Yes Yes Yes

data to other
machines (series
commissioning)

the selection of the
safety functions

Safety Integrated
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10.3 Safety logbook
10.3 Safety logbook
Description

The "Safety Logbook" function is used to detect changes to safety parameters that affect the
associated CRC sums. Cyclic redundancy checks are only generated when p9601/p9801 (Sl
enable, functions integrated in the drive CU/Motor Module) is > 0.

Data changes are detected when the CRCs of the S| parameters change. Each S| parameter
change that is to become active requires the reference CRC to be changed so that the drive
can be operated without Sl fault messages. In addition to functional safety changes, safety
changes as a result of hardware being replaced can be detected when the cyclic redundancy
check has changed.

The following changes are recorded by the safety logbook:
® Functional changes are recorded in the checksum r9781[0]:

— Functional CRCs of the motion monitoring functions (p9729[0...1]), axis specific
(Extended Functions)

— Functional cyclic redundancy checks of the basic safety functions integrated in the
drive (p9799, Sl setpoint checksum Sl parameters CU), for each axis.

— Functional cyclic redundancy checks of the TM54F (p10005[0]), global (Extended
Functions)

— Enabling of functions integrated in the drive (p9601), axis specific (Basic and
Extended Functions)

e Hardware-dependent changes are recorded in the checksum r9781[1]:

— Hardware-dependent cyclic redundancy check of the motion monitoring functions
(p9729[2]), axial (Extended Functions)

— Hardware-dependent cyclic redundancy check of the TM54F (p10005[1]), global
(Extended Functions)
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10.4 Acceptance report

10.4 Acceptance report

10.4.1 Plant description - Documentation part 1

Table 10-2 Machine description and overview diagram

Designation

Type

Serial number

Manufacturer

End customer

Electrical drives
Other drives
Overview diagram of machine
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10.4 Acceptance report

Table 10- 3  Values of relevant parameters

Versions of the firmware and of Safety Integrated

Component DO number Firmware version Sl version
Parameters r0018 = r9590[0...3] =
Control Unit r9770[0...3] =
Note: Parameters can be found in
the drive.
DO number Firmware version Sl version
Parameters r0128 = r9390[0...3] =
Motor Modules r9870]0...3] =
r0128 = r9390[0...3] =
r9870[0...3] =
r0128 = r9390[0...3] =
r9870[0...3] =
r0128 = r9390[0...3] =
r9870[0...3] =
r0128 = r9390[0...3] =
r9870[0...3] =
DO number Firmware version Sl version
Parameters r0148 = r9890[0...2] =
Sensor Modules r0148 = r98900...2] =
r0148 = r9890[0...2] =
r0148 = r9890[0...2] =
r0148 = r9890[0...2] =
r0148 = r9890[0...2] =
DO number Firmware version Sl version
TM54F parameters r0158 = r10090 =

Monitoring clock cycles of Safety Integrated

DO number S| monitoring clock cycle S| monitoring clock cycle
Control Unit Motor Module
Basic functions r9780 = ro880 =
r9780 = r9880 =
r9780 = ro880 =
r9780 = ro9880 =
r9780 = r9880 =
r9780 = ro880 =
DO number S| monitoring clock cycle S| monitoring clock cycle
Motor Module Control Unit
Extended functions p9300 = p9500 =
p9300 = p9500 =
p9300 = p9500 =
p9300 = p9500 =
p9300 = p9500 =
p9300 = p9500 =

296
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10.4 Acceptance report

TM54F parameters

DO number

S| monitoring clock cycle TM54F

p10000 =

104.2

10.4.21

10.4.2.2

Comments:

Safety Integrated
Function Manual, 03/20

Description of safety functions - documentation part 2

Note

This description of a system is for illustration purposes only. In each case, the actual settings

for the system concerned will need to be modified as required.

Function table

Table 10-4 Example table: Active monitoring functions depending on the operating mode, the
protective doors or other sensors

Mode of operation Protective door Drive Status of monitoring
functions
Production closed and locked 1 All deactivated
2 SLS 1 enabled
unlocked 1 SOS activated
2 STO switched off
Setup closed and locked 1 All deactivated
2 SLS 1 enabled
unlocked 1 SLS 1 deactivated,
2 enabled

Table 10-5 Example: functional overview of the safety functions

Safety Integrated functions used

Drive Sl function Limit Active if

1 SOSs 100 mm refer to the function table
SLS 1 200000 mm/min refer to the function table

2 SOS 100 mm refer to the function table
SLS 1 50 rpm refer to the function table

All drives use the Sl function SS1 for the EMERGENCY STOP functionality.

Drive 2 is equipped with a holding brake which is controlled by two channels via the
corresponding Motor Module output.

11, ASE03264275A
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10.4 Acceptance report

Drive-specific Safety Parameter

208

Note

You need to fill out this table for each axis.

Table 10- 6 Drive-specific data

Sl function Parameter Motor Modules / CU | Motor Module value 2 CU value

Enable safety functions p9301 / p9501 0000 bin

Axis type p9302 / p9502 0

Function specification p9306 / p9506 0

Function configuration p9307 / p9507 0000 bin

Behavior during pulse p9309 / p9509 0

suppression

Actual value acquisition clock p9311 / p9511 0.0 ms

cycle

Coarse position value p9315/ p9515 0000 bin

configuration

Encoder configuration, safety p9316 / p9516 0000 bin

functions

Linear scale graduations p9317 / p9517 10 nm

Encoder pulses per revolution p9318 / p9518 2048

Fine resolution G1_XIST1 p9319/p9519 11

Spindle pitch p9320 / p9520 10 mm

Gearbox encoder (motor) / p9321[0] / p9521[0] 1

load denominator p9321[1] / p9521[1] 1
p9321[2] / p9521[2] 1
p9321[3] / p9521[3] 1
p9321[4] / p9521[4] 1
p9321[5] / p9521[5] 1
p9321[6] / p9521[6] 1
p9321[7] / p9521[7] 1

Gearbox encoder (motor) / p9322[0] / p9522[0] 1

load numerator p9322[1] / p9522[1] 1
p9322[2] / p9522[2] 1
p9322[3] / p9522[3] 1
p9322[4] / p9522[4] 1
p9322[5] / p9522[5] 1
p9322[6] / p9522[6] 1
p9322[7] / p9522[7] 1

Redundant coarse position p9323 / p9523 9

value valid bits

Redundant coarse position p9324 / p9524 -2

value fine resolution bits

Redundant coarse position p9325 / p9525 16

value relevant bits

Encoder assignment p9326 / p9526 1

Safety Integrated
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Sl function Parameter Motor Modules / CU | Motor Module value 2 CU value

Sensor Module node identifier p9328[0] 0000 hex
p9328[1] 0000 hex
p9328[2] 0000 hex
p9328[3] 0000 hex
p9328[4] 0000 hex
p9328[5] 0000 hex
p9328[6] 0000 hex
p9328[7] 0000 hex
p9328[8] 0000 hex
p9328[9] 0000 hex
p9328[10] 0000 hex
p9328[11] 0000 hex

S| Motion Gx_XIST1 coarse p9329 / p9529 14

position safety most significant

bit

SOS standstill tolerance p9330 / p9530 1.000°

PLC limit values

p9331[0] / p9531[0]
p9331[1] / p9531[1]
p9331[2] / p9531[2]
p9331[3] / p9531[3]

2000.00 mm/min
2000.00 mm/min
2000.00 mm/min
2000.00 mm/min

Actual value comparison p9342 / p9542 0.1000°
tolerance
SSM Filter time p9345 / p9545 0.0 ms
SSM speed limit p9346 / p9546 20.00 mm/min
SSM speed hysteresis p9347 | p9547 10 mm/min
SAM actual speed tolerance p9348 / p9548 300.00 1/min
Slip speed tolerance p9349 / p9549 6.0 1/min
SLS switchover delay time p9351 / p9551 100.00 ms
STOP C -> SOS delay time p9352 / p9552 100.00 ms
STOP D -> SOS delay time p9353 / p9553 100.00 ms
STOP E -> SOS transition time | p9354 / p9554 100.00 ps
STOP F -> STOP B p9355 / p9555 0.00 ms
delay time
Pulse cancelation delay time p9356 / p9556 100.00 ms
Pulse suppression test time p9357 / p9557 100.00 ms
Acceptance test mode time limit | p9358 / p9558 40000.00 ms
Pulse suppression shutdown p9360 / p9560 0.0 1/min
speed
PLC stop response p9363[0] / p9563[0] 2

p9363[1] / p9563[1] 2

p9363[2] / p9563[2] 2

p9363[3] / p9563[3] 2
SDI tolerance p9364 / p9564 0.1 mm
SDI delay time p9365 / p9565 10.00 ps
SDI stop response p9366 / p9566 1
SAM speed limit p9368 / p9568 0.0 mm/min
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Function Manual, 03/2011, ASE03264275A

299



Acceplance fest and acceptance report

10.4 Acceptance report

300

Sl function

Parameter Motor Modules / CU

Motor Module value 2 CU value

Forced dormant error detection
timer

p9559

8.00 h

Pulse suppression delay bus p9380 / p9580 100.00 us

failure

Brake ramp reference value p9381 / p9581 1500 1/min

Brake ramp delay time p9382 / p9582 250 ms

Brake ramp monitoring time p9383 / p9583 10.00 s

Evaluation delay time without p9386 / p9586 100.00 ms

encoder

Actual value acquisition without | p9387 / p9587 100.00 us

encoder filter time

Minimum current actual value p9388 / p9588 10.00 %

acquisition without encoder

Acceleration voltage tolerance p9389 / p9589 100.00 %

Test stop signal source p9705 1:722:5

Enable drive-integrated p9801 / p9601 0000 bin

functions

Enable safe brake control p9802 / p9602 0

PROFIsafe address p9810/ p9610 0000 hex

Signal source for STO/SBC/SS1 | p9620[0] 0
p9620[1] 0
p9620[2] 0
p9620[3] 0
p9620[4] 0
p9620[5] 0
p9620[6] 0
p9620[7] 0

Signal source for SBA p9821 / p9621 0

SBA relay wait times p9822[0] / p9622[0] 100.00 ms
p9822[1] / p9622[1] 65.00 ms

SGE switchover tolerance time | p9850 / p9650 500.00 ms

STO/SBC/SS1 debounce time p9851 / p9651 0.00 ms

Safe Stop 1 delay time p9852 / p9652 0.00s

STOP F -> STOP A delay time | p9858 / p9658 0.00 ps

Forced dormant error detection | p9659 8.00 h

timer
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10.4.2.3 Safety Parameter of the TM54F

Table 10- 7 Parameter for control via the TM54F (excerpt)

Sl function Parameter Value
Wait time for test stop on DO p10001 500.00 ms
Monitoring time discrepancy p10002 12.00 ms

Forced dormant error detection timer | p10003 8.00 h

Acknowledging internal event input p10006 0
terminal

Input terminal p10007 0
forced dormant error detection

Assignment of drive objects p10010[0]
p10010[1]
p10010[2]
p10010[3]
p10010[4]
p10010[5]

Assignment of drive groups p10011[0]
p10011[1]
p10011[2]
p10011[3]
p10011[4]
p10011[5]

Digital inputs debounce time p10017

STO input terminal p10022[0]
p10022[1]
p10022[2]
p10022[3]

SS1 input terminal p10023[0]
p10023[1]
p10023[2]
p10023[3]

SS2 input terminal p10024[0]
p10024[1]
p10024[2]
p10024[3]

SOS input terminal p10025[0]
p10025[1]
p10025[2]
p10025[3]

PLC input terminal p10026[0]
p10026[1]
p10026[2]
p10026[3]
SLS_Limit(1) input terminal p10027[0]
p10027[1]
p10027[2]
p10027[3]

.00 ms

[eNeoNoNolloNoNoNeolloNolloNollololeNol oo NeNe N oo oo N P EE g N sl l=leNeoNeNo o)
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302

Sl function

Parameter

<
L
c
(0]

SLS_Limit(2) input terminal

p10028[0]
p10028[1]
p10028[2]
p10028[3]

S| SDI positive input terminal

p10030[0]
p10030[1]
p10030[2]
p10030[3]

S| SDI negative input terminal

p10031[0]
p10031[1]
p10031[2]
p10031[3]

Safe state signal selection

p10039[0]
p10039[1]
p10039[2]
p10039]3]

2 OO0 00O OO0 0O |00 OO
[¢]
x

0O
@
x

F-DI input mode

p10040

F-DI test enable

p10041

O |O|= =
o | T| T
[CREICHEICHE)
X | X | X X

F-DO 0 signal sources

p10042[0]
p10042[1]
p10042[2]
p10042[3]
p10042[4]
p10042[5]

o

F-DO 1 signal sources

p10043[0]
p10043[1]
p10043[2]
p10043[3]
p10043[4]
p10043[5]

F-DO 2 signal sources

p10044[0]
p10044[1]
p10044[2]
p10044[3]
p10044[4]
p10044[5]

F-DO 3 signal sources

p10045[0]
p10045[1]
p10045[2]
p10045([3]
p10045[4]
p10045[5]

[cNeoNoNoNolloNoNoNoNoNolloNoNoNolNoNolloNolNolNolNo)

o

Test Sensor feedback signal

p10046.0
p10046.1
p10046.2
p10046.3

0 hex
0 hex
0 hex
0 hex

Selection of test mode for test stop

p10047(0]
p10047[1]
p10047[2]
p10047[3]

NN DN
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104.2.4 Safety devices

Protective door
The protective door is unlocked by means of single-channel request key

Protective door switch

The protective door is equipped with a protective door switch. The protective door switch returns the
dual-channel signal "Door closed and locked". Switchover and selection of safety functions in
accordance with the table shown above.

Mode selector switch

The "Production" and "Setup" modes are set by means of a mode selector switch. The key-operated
switch features two contact levels. Switchover and selection of safety functions in accordance with
the table shown above.

EMERGENCY-STOP pushbutton

The dual-channel EMERGENCY-STOP pushbuttons are wired in series. The EMERGENCY STOP
signal activates SS1 for all drives. Then the external brakes and STO are activated.

Test stop
Activation by means of:

e Machine switch on

¢ Unlocking the protective door
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10.5 Acceptance tests

Note

As far as possible, the acceptance tests are to be carried out at the maximum possible
machine speed and acceleration rates to determine the maximum braking distances and
braking times that can be expected.

Note

If Basic Functions and Extended Functions are combined, the acceptance test for both types
must be carried out for the functions used.

Note

The trace recordings for the Extended Functions aid evaluation of the more complex
functionality compared to the Basic Functions (for which trace recording is not required). If
necessary you can also use other recording possibilities.

Note
Non-critical alarms
When evaluating the alarm buffer you can tolerate the following alarms:
e A01697 Sl Motion: Motion monitoring test required
o A35014 TM54F: Test stop required
These alarms occur after every system startup and can be evaluated as non-critical.
e A01699 S| CU: Shutdown path test required
This alarm occurs after the time in p9659 has expired.

You do not need to include these alarms in the acceptance report.

Note

If the alarm A01796 is active, the pulses are safely canceled, and an acceptance test is not
possible.
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10.5 Acceplance fests

10.5.1 Acceptance tests — Basic Functions

10.5.1.1 Safe Torque Off (Basic Functions)

Table 10- 8 "Safe Torque Off" function

No. Description Status

Note:
The acceptance test must be individually conducted for each configured control.
The control can be realized via terminals and/or via PROFIsafe.

1. Initial state
e Drive in "Ready" state (p0010 = 0)

e STO function enabled (onboard terminals / PROFIsafe p9601.0 = 1 and/or p9601.3 = 1)

o No Safety faults and alarms (r0945[0...7], r2122[0...7]); see note "non-critical alarms" at
the beginning of section Acceptance tests".

o 1977217 =r9872.17 = 0 (STO deselection via terminals - DI CU / EP terminal Motor
Module); only relevant for STO via terminal

e r9772.20 =r9872.20 = 0 (STO deselection via PROFIsafe); only relevant for STO via
PROFlsafe

e r9772.0=r9772.1 = 0 (STO deselected and inactive — Control Unit)

e r9872.0 =r9872.1 = 0 (STO deselected and inactive — Motor Module)

0(

e r9773.0=r9773.1 = 0 (STO deselected and inactive — drive)
e r9774.0=r9774.1 =0 (

2. | Run the drive

e Check whether the correct drive is operational

STO deselected and inactive - group); only relevant for grouping

Select STO when you issue the traversing command and check the following:

e The drive coasts to a standstill or is braked and stopped by the mechanical brake (if
available and configured (p1215, p9602, p9802)).

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7])

o r9772.17 =r9872.17 = 1 (STO selection via terminal - DI CU / EP terminal Motor Module);
only relevant for STO via terminal

e r9772.20 =r9872.20 = 1 (STO selection via PROFIsafe); only relevant for STO via
PROFIsafe

e r9772.0=r9772.1 =1 (STO selected and active — Control Unit)

e r9872.0=r9872.1 =1 (STO selected and active — Motor Module)

e r9773.0=r9773.1 =1 (STO selected and active — drive)

o r9774.0=r9774.1 =1 (STO selected and active - group); only relevant for grouping
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No. Description Status

3. | Deselect STO and check the following:
¢ No Safety faults and alarms (r0945[0...7], r2122[0...7])

e 1977217 =r9872.17 = 0 (STO deselection via terminals - DI CU / EP terminal Motor
Module); only relevant for STO via terminal

e r9772.20 =r9872.20 = 0 (STO deselection via PROFIsafe); only relevant for STO via
PROFIsafe

e r9772.0=r9772.1 = 0 (STO deselected and inactive — Control Unit)

e r9872.0 =r9872.1 = 0 (STO deselected and inactive — Motor Module)

e r9773.0=r9773.1 = 0 (STO deselected and inactive — drive)

e r9774.0=r9774.1 = 0 (STO deselected and inactive - group); only relevant for grouping

e r0046.0 = 1 (drive in "switch-on inhibit" state)

4. | Acknowledge "switch-on inhibit" and run the drive. Ensure that the correct drive is running.

The following is tested:

e Correct DRIVE-CLIQ wiring between Control Unit and Motor/Power Modules
e Correct assignment of drive No. — Motor/Power Module — motor

e The hardware is functioning properly

e Correct wiring of the switch-off signal path (only via terminal)

e Correct assignment of the terminals for STO on the Control Unit

e Correct STO grouping (if available)

e Correct parameterization of the STO function
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10.5.1.2 Safe Stop 1 (Basic Functions)

Table 10-9 "Safe Stop 1" function

No. Description Status

Note:
The acceptance test must be individually conducted for each configured control.
The control can be realized via terminals and/or via PROFIsafe.

1. | Initial state
e Drive in "Ready" state (p0010 = Q)

e STO function enabled (onboard terminals / PROFIsafe p9601.0 = 1 and/or p9601.3 = 1)

e Enable SS1 function (p9652 > 0, p9852 > 0)

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7]); see note "non-critical alarms" at
the beginning of section Acceptance tests".

e r9772.22 =r9872.22 = 0 (SS1 deselection via terminals — DI CU / EP terminal Motor
Module); only relevant for SS1 via terminal

e r9772.23 =r9872.23 = 0 (SS1 deselection via PROFIsafe); only relevant for SS1 via
PROFlsafe

e r9772.0=r9772.1 = 0 (STO deselected and inactive — Control Unit)

o r9772.5=r9772.6 = 0 (SS1 deselected and inactive — Control Unit)

e r9872.0 =r9872.1 = 0 (STO deselected and inactive — Motor Module)

e r9872.5=r9872.6 = 0 (SS1 deselected and inactive — Motor Module)

e r9773.0=r9773.1 = 0 (STO deselected and inactive — drive)

e r9773.5=r9773.6 = 0 (SS1 deselected and inactive — drive)

e r9774.0=r9774.1 = 0 (STO deselected and inactive - group); only relevant for grouping

e r9774.5=r9774.6 = 0 (SS1 deselected and inactive - group); only relevant for grouping

2. | Run the drive
Check whether the correct drive is operational

Select SS1 when you issue the traversing command and check the following:
e The drive is braked along the OFF3 ramp (p1135)

Before the SS1 delay time (p9652, p9852) expires, the following applies:

o r9772.22 =r9872.22 = 1 (SS1 selection via terminals — DI CU / EP terminal Motor
Module); only relevant for SS1 via terminal

e r9772.23 =r9872.23 = 1 (SS1 selection via PROFIsafe); only relevant for SS1 via
PROFIsafe

e r9772.0=r9772.1 =0 (STO selected and active - Control Unit)

o r9772.5=r9772.6 =1 (SS1 selected and active — Control Unit)

e r9872.0 =r9872.1 = 0 (STO deselected and inactive — Motor Module)

e r9872.5=r9872.6 = 1 (SS1 selected and active — Motor Module)

Safety Integrated
Function Manual, 03/2011, ASE03264275A 307



Acceplance fest and acceptance report

10.5 Acceptance tests

No. Description Status

e r9773.0=r9773.1 = 0 (STO deselected and inactive — drive)
e r9773.5=r9773.6 =1 (SS1 selected and active — drive)
e r9774.0=r9774.1 = 0 (STO deselected and inactive - group); only relevant for grouping
e r9774.5=r9774.6 = 1 (SS1 selected and active - group); only relevant for grouping
STO is initiated after the SS1 delay time expires (p9652, p9852).
¢ No Safety faults and alarms (r0945[0...7], r2122[0...7])
e r9772.0=r9772.1 =1 (STO selected and active - Control Unit)
e r9772.5=r9772.6 =1 (SS1 selected and active — Control Unit)
e r9872.0=r9872.1 =1 (STO selected and active — Motor Module)
e r9872.5=r9872.6 = 1 (SS1 selected and active — Motor Module)
e r9773.0=r9773.1 =1 (STO selected and active — drive)
e r9773.5=r9773.6 =1 (SS1 selected and active — drive)
e r9774.0=r9774.1 =1 (STO selected and active - group); only relevant for grouping
e r9774.5=r9774.6 = 1 (SS1 selected and active - group); only relevant for grouping

3. | Canceling SS1
¢ No Safety faults and alarms (r0945[0...7], r2122[0...7])
e r9772.22 =r9872.22 = 0 (SS1 deselection via terminals — DI CU / EP terminal Motor

Module); only relevant for SS1 via terminal
e r9772.23 =r9872.23 = 0 (SS1 deselection via PROFIsafe); only relevant for SS1 via
PROFIsafe

e r9772.0=r9772.1 = 0 (STO deselected and inactive — Control Unit)
e r9772.5=r9772.6 = 0 (SS1 deselected and inactive — Control Unit)
e r9872.0 =r9872.1 = 0 (STO deselected and inactive — Motor Module)
e r9872.5=r9872.6 = 0 (SS1 deselected and inactive — Motor Module)
e r9773.0=r9773.1 = 0 (STO deselected and inactive — drive)
e r9773.5=r9773.6 = 0 (SS1 deselected and inactive — drive)
e r9774.0=r9774.1 = 0 (STO deselected and inactive - group); only relevant for grouping
e r9774.5=r9774.6 = 0 (SS1 deselected and inactive - group); only relevant for grouping
e r0046.0 = 1 (drive in "switch-on inhibit" state)

4. | Acknowledge "switch-on inhibit" and run the drive. Ensure that the correct drive is running.
The following is tested:
e Correct parameterization of the SS1 function
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10.5 Acceplance fests

10.5.1.3 Safe Brake Control (Basic Functions)

Table 10- 10 "Safe Brake Control" function

No. Description Status

Note:
The acceptance test must be individually conducted for each configured control.
The control can be realized via terminals and/or via PROFIsafe.

1. Initial state
e Drive in "Ready" state (p0010 = 0)

e STO function enabled (onboard terminals / PROFIsafe p9601.0 = 1 and/or p9601.3 = 1)

e Enable SBC function (p9602 = 1, p9802 = 1)

e Brake as in sequence control or brake always released (p1215 =1 or p1215 = 2)

o No Safety faults and alarms (r0945, r2122); see note "Non-critical alarms" at the
beginning of section "Acceptance tests".

e 19772.4 =r9872.4 = 0 (SBC not requested)

o r9772.0=r9772.1 = 0 (STO deselected and inactive — Control Unit)

e r9872.0 =r9872.1 = 0 (STO deselected and inactive — Motor Module)

e r9773.0=r9773.1 = 0 (STO deselected and inactive — drive)

e r9774.0 =r9774.1 = 0 (STO deselected and inactive - group); only relevant for grouping

2. Run drive (if applied, brake is released)

e Check whether the correct drive is operational

Select STO/SS1 when you issue the traversing command and check the following:

e The brake is applied (for SS1 the drive is previously decelerated along the OFF3 ramp)

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7])

o r9772.4 =r9872.4 = 1 (SBC requested)

e r9772.0=r9772.1 =1 (STO selected and active — Control Unit)

e r9872.0 =r9872.1 = 1 (STO selected and active — Motor Module)

e r9773.0=r9773.1 = 1 (STO selected and active — drive)

e r9774.0=r9774.1 =1 (STO selected and active - group); only relevant for grouping

3. Deselect STO and check the following:
¢ No Safety faults and alarms (r0945[0...7], r2122[0...7])

o r9772.4 =r9872.4 = 0 (deselect SBC)

o r9772.0=r9772.1 = 0 (STO deselected and inactive — Control Unit)

e r9872.0 =r9872.1 = 0 (STO deselected and inactive — Motor Module)

e r9773.0=r9773.1 = 0 (STO deselected and inactive — drive)

e r9774.0 =r9774.1 = 0 (STO deselected and inactive - group); only relevant for grouping
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10.5 Acceptance tests

No. Description Status
e r0046.0 = 1 (drive in "switch-on inhibit" state)
4. Acknowledge "switch-on inhibit" and run the drive. Check whether the correct drive is operational.

The following is tested:

The brake is connected properly

The hardware is functioning properly

The SBC is parameterized correctly

Forced dormant error detection of the brake control
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10.5 Acceplance fests

10.5.2 Acceptance tests for Extended Functions (with encoder)

10.5.2.1 Acceptance test Safe Torque Off with encoder (Extended Functions)

Table 10- 11 "Safe Torque Off" function

No. Description ‘ Status

Notes:

The acceptance test must be individually conducted for each configured control.
The control can be realized via TM54F or via PROFlIsafe.

1. | Initial state
e Drive in "Ready" state (p0010 = Q)

e Safety Integrated Extended Functions enabled (p9601.2 = 1)

e Safety functions enabled (p9501.0 = 1)

e Safety configured with encoder (p9506 = 0)

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7]); see note "Non-critical
alarms" at the beginning of the section "Acceptance test".

¢ No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section "Acceptance
test".

e r9772.18 =r9872.18 = 0 (STO deselected via Safe Motion Monitoring)

e r9772.0=r9772.1 = 0 (STO deselected and inactive — Control Unit)

e r9872.0=r9872.1 = 0 (STO deselected and inactive — Motor Module)

e r9773.0=r9773.1 = 0 (STO deselected and inactive — drive)
e r9720.0 = 1 (STO deselected)

e r9722.0 =0 (STO inactive)
2. Run the drive

e Check whether the correct drive is operational

Select STO when you issue the traversing command and check the following:

e The drive coasts to a standstill or is braked and stopped by the mechanical brake (if
available and configured (p1215, p9602, p9802)).

e No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])

o r9772.18 =r9872.18 = 1 (STO selected via Safe Motion Monitoring)

e r9772.0=r9772.1 =1 (STO selected and active — Control Unit)

e r9872.0=r9872.1 =1 (STO selected and active — Motor Module)

e r9773.0=r9773.1 =1 (STO selected and active — drive)

e r9720.0 = 0 (STO selected)

e r9722.0 = 1 (STO active)
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10.5 Acceptance tests

No. Description Status

3. | Deselect STO and check the following:
¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])

e r9772.18 =r9872.18 = 0 (STO deselected via Safe Motion Monitoring)

e r9772.0=r9772.1 = 0 (STO deselected and inactive — Control Unit)

e r9872.0 =r9872.1 = 0 (STO deselected and inactive — Motor Module)

e r9773.0=r9773.1 = 0 (STO deselected and inactive — drive)

e r9720.0 =1 (STO deselected)

e r9722.0 =0 (STO inactive)

e r0046.0 = 1 (drive in "switch-on inhibit" state)

4. | Acknowledge "switch-on inhibit" and run the drive. Ensure that the correct drive is running.

The following is tested:

e Correct DRIVE-CLIQ wiring between Control Unit and Motor/Power Modules
e Correct assignment of drive No. — Motor/Power Module — motor

e The hardware is functioning properly

e Correct parameterization of the STO function

e Forced Checking Procedure of the Shutdown Paths
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10.5 Acceplance fests

10.5.2.2 Acceptance test for Safe Stop 1, time and acceleration controlled

Table 10- 12 Function "Safe Stop 1 with encoder"

No. Description Status

Note:
The acceptance test must be individually conducted for each configured control.
The control can be realized via TM54F or via PROFlIsafe.

1. | Initial state
e Drive in "Ready" state (p0010 = Q)

e Safety Integrated Extended Functions enabled (p9601.2 = 1)

e Safety functions enabled (p9501.0 = 1)

e Safety configured with encoder (p9506 = 0)

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7]); see note "Non-critical
alarms" at the beginning of the section "Acceptance test".

¢ No Safety faults and alarms at the TM54F master and slave module (r0945][0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section "Acceptance
test".

2. Run the drive

e Check whether the correct drive is operational

3. | Configure and activate trace recording.

e Trigger: Trigger on variable - bit pattern (r9720.1 = 0)

e Record the following values: r9714[0], r9714[1], r9720, r9722

e Select the time interval and pretrigger so you can recognize the selection of SS1 and the
transition into the subsequent STO state

For better analysis, display the following bit values:
e r9720.1 (deselection SS1)

e r9722.0 (STO active)

e r9722.1 (SS1 active)

Select SS1 while the drive is moving

e The drive decelerates along the OFF3 ramp

e Subsequent state STO is activated

4. | Analyze trace:

e The STO is triggered after the SS1 timer (p9356/9556) has expired or if the speed drops
below the shutdown speed (p9360/9560)

5. | Save/print the trace and add it to the acceptance report (refer to the example below)
6. | Deselect SS1

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])

Acknowledge "switch-on inhibit" and run the drive

e Check whether the correct drive is operational
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Example Trace SS1 with encoder

Drive_1.r9714[1]: SI Motion diagnostics velocity, actual SBR velocity limit at the Control Unit

SS1 active

STO active

Deselect SS1

L B e I S L 0 0 0 0 0 B B L L B B |
200 100 0 100 200 oo 400 500 GO0 700 800 500 1000 1100 1200 1300 1400 1500 1800 1700 1800
[ms]

Figure 10-1 Example trace: SS1 with encoder

Trace evaluation:

® SS1 function is selected (time axis 0 ms; see bit "deselection SS1")

® Response bit "SS1 active" is set (time axis approx 20 ms)

® The drive decelerates along the configured OFF3 ramp (p1135)

® Recording of r9714[0] (orange curve) shows whether the OFF3 ramp is active

e STO is activated (time axis approx. 370 ms; see bit "STO active"); at this point the speed
underranges the shutdown speed SS1 (p9560/p9360) (in this case shutdown speed SS1
is underranged before SS1 timer p9556/p9356 has expired)

e A fault is generated if the envelope curve of function SAM (Drive_1.r9714[1]) is exceeded
by the actual speed (r9714[0])

Note

Small time differences (of the order of 2 to 3 safety clock cycles (here up to 36 ms)) are
caused by internal calculations and do not present a problem.
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10.5 Acceplance fests

10.5.2.3 Acceptance test for Safe Brake Control with encoder (Extended Functions)

Table 10- 13 "Safe Brake Control" function

No. Description | Status

Note:
The acceptance test must be individually conducted for each configured control.
The control can be realized via TM54F or via PROFlIsafe.

1. Initial state
e Drive in "Ready" state (p0010 = 0)

e Safety Integrated Extended Functions enabled (p9601.2 = 1)

e Safety functions enabled (p9501.0 = 1)

o Safety configured with encoder (p9506 = 0)

e Enable SBC function (p9602 = 1, p9802 = 1)

e Brake as in sequence control or brake always released (p1215 =1 or p1215 = 2)

¢ No Safety faults and alarms (r0945[0...71, r2122[0...7], r9747[0...7]); see note "Non-critical
alarms" at the beginning of the section "Acceptance test".

¢ No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section "Acceptance
test".

e r9772.18 =r9872.18 = 0 (STO deselected via Safe Motion Monitoring)

o 19722.4 =r9872.4 =0;r9773.4 = 0 (SBC not requested)
e r9720.0 =1 (STO deselected) or r9720.1 = 1 (SS1 deselected)

e r9722.0 =0 (STO inactive)

2. Run drive (if applied, brake is released)

e Check whether the correct drive is operational

Select STO when you issue the traversing command and check the following:

e Brake is applied

o No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])
o 197724 =r9872.4 =1;r9773.4 = 1 (SBC requested)

e r9772.18 =r9872.18 = 1 (STO selected via Safe Motion Monitoring)

e r9720.0 = 0 (STO selected) or r9720.1 = 0 (SS1 selected)

e r9722.0 =1 (STO active)

3. Deselect STO and check the following:
¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])

o r9772.4=r9872.4 =0;r9773.4 = 0 (SBC deselected)

o r9772.18 =r9872.18 = 0 (STO deselected via Safe Motion Monitoring)
e r9720.0 =1 (STO deselected) or r9720.1 = 1 (SS1 deselected)
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No. Description Status
e r9722.0 =0 (STO active)
e r0046.0 = 1 (drive in "switch-on inhibit" state)

4. Acknowledge "switch-on inhibit" and run the drive. Check whether the correct drive is operational.

The following is tested:

The brake is connected properly

The hardware is functioning properly

The SBC is parameterized correctly

Forced dormant error detection of the brake control
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10.5 Acceplance fests

10.5.2.4 Acceptance test for Safe Stop 2 (SS2)

Table 10- 14 "Safe Stop 2" function

No. Description Status

Note:
The acceptance test must be individually performed for each configured control.
Control may be via TM54F or PROFIsafe.

1. Initial state
e Drive in "Ready" state (p0010 = 0)

e Safety Integrated Extended Functions enabled (p9601.2 = 1)

e Safety functions enabled (p9501.0 = 1)

o Safety configured with encoder (p9506 = 0)

e SS2 deselected (r9720.2 = 1)

e SS2inactive (r9722.2 = 0)

e SOS inactive (r9722.3 = 0)

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7]); see note "Non-
critical alarms" at the beginning of the section "Acceptance test".

¢ No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section
"Acceptance test".

2. Run the drive

e Check whether the correct drive is operational

3. Configure and activate trace recording.

e Trigger: Trigger on variable - bit pattern (r9720.2 = 0)

¢ Record the following values: r9714[0], r9714[1], r9720, r9722

e Select the time interval and pretrigger so you can recognize the selection of SS2 and
the transition into the subsequent SOS state

For better analysis, display the following bit values:
e r9720.2 (deselection SS2)

e r19722.2 (SS2 active)

e r9722.3 (SOS active)

Select SS2 while the drive is moving

e The drive decelerates along the OFF3 ramp

e Subsequent SOS state is activated

e No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])

4. Analyze trace:
e SOS is triggered after the SS2 timer (p9352/9552) has expired.

5. Save/print the trace and add it to the acceptance report (refer to the example below)
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No. Description Status

6. Deselect SS2

e Check whether the drive is running with the setpoint again

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])

Example Trace SS2

Drive_1.r9714[1]: S| Motion diagnostics velocity, actual SBR velocity limit at the Control Unit

SOS active

[-1

SS2 active

Deselect SS2

L o L L ML o i B e o o
=200 -100 0 00 200 300 400 KOO GO0 7OO 8OO0 900 1000 100 12000 1300 1400 1800 1800 1700 1800
[ms]

Figure 10-2 Example trace: SS2

Trace evaluation:

e SS2 function is selected (time axis 0 ms; see bit "deselection SS2")

® Response bit "SS2 active" is set (time axis approx 20 ms)

® The drive decelerates along the configured OFF3 ramp (p1135)

® Recording of r9714[0] (orange curve) shows whether the OFF3 ramp is active

e SOS is activated (time axis approx. 500 ms; see bit "SOS active"); at this point the SS2
timer (p9552/p9352) has expired

® A fault is generated if the envelope curve of function SAM/SBR (Drive_1.r9714[1]) is
exceeded by the actual speed (r9714[0])
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Note

Small time differences (of the order of 2 to 3 Safety clock cycles (here up to 36 ms)) are
caused by internal calculations and do not present a problem.

10.5.2.5 Acceptance test for Safe Operating Stop (SOS)

Table 10- 15 "Safe Operating Stop" function

No. Description Status

Note:
The acceptance test must be individually conducted for each configured control.
The control can be realized via TM54F or via PROFIsafe.

1. Initial state
e Drive in "Ready" state (p0010 = 0)

o Safety Integrated Extended Functions enabled (p9601.2 = 1)

e Safety functions enabled (p9501.0 = 1)

e SOS inactive (r9722.3 = 0)

o No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7]); see note "Non-
critical alarms" at the beginning of the section "Acceptance test".

e No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section
"Acceptance test".

2. e It may be necessary to take measures in the higher-level control to be able to run the drive with activated
SOS.
e Please ensure that the internal limits r9733.0 and r9733.1 are canceled by the selection "Start acceptance
test".
3. Configure and activate trace recording.

e Trigger: Trigger on variable - bit pattern (r9722.7 = 0)

e Record the following values: r9713[0], r9720, r9721, r9722

e Select the time interval and pretrigger so you can recognize start-up of the drive and
infringement of the SOS tolerance window (p9330/p9530)

For better analysis, display the following bit values:
e r9720.3 (deselect SOS)

e r9721.12 (STOP A or B active)

e r9722.0 (STO active; set for STOP A)

e r9722.1 (SS1 active; set for STOP B)
e r9722.3 (SOS active)

o r9722.7 (internal event; set when the first Safety message occurs)

Select SOS
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No. Description Status
Run the drive beyond the standstill limit set in p9330/p9530

e Check whether the drive moves briefly and then decelerates back to a standstill

Check whether the following Safety messages are pending:

e (C01707, C30707 (tolerance for safe operating stop exceeded)

e (CO01701, C30701 (STOP B initiated)

e (01700, C30700 (STOP A initiated)

4. Analyze trace:

e As soon as r9713[0] (unit um or m°) leaves the tolerance window, a Safety message
(r9722.7 = 0) becomes active

e As a consequence, the drive is brought to a standstill with STOP B and STOP A

Save/print the trace and add it to the acceptance report (refer to the example below)

6. Deselect SOS and acknowledge Safety messages
e No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])

e r0046.0 = 1 (drive in "switch-on inhibit" state)

Acknowledge "switch-on inhibit" and run the drive

e Check whether the drive is moving
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Example trace SOS
| -‘ —E—' E E 3 Drive_1.r9713[0]: SI Motion diagnostics position actual value load side, actual value at the Control Unit
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Figure 10-3 Example trace: SOS

Trace evaluation:

® SOS function is activated (see bits "deselect SOS" and "SOS active")

® The drive starts moving (time axis approx -100 ms)

® Exiting the SOS tolerance window is recognized (time axis approx 0 ms)

e Safety fault is initiated (time axis approx. 0 ms; bit "internal event" is set to 0)

® Fault response STOP B is initiated (see bit "STOP A or B active" and "SS1 active")
® The drive is decelerated to a standstill

e Standstill reached (time axis approx. 200 ms)

® STOP A (as follow-up response to STOP B) is activated (see bit "STO active"); at this
point the speed falls below the shutdown speed SS1 (p9560/p9360) before the SS1 timer
(p9556/p9356) has expired (drops below the shutdown speed SS1 before SS1 timer
(p9556/p9356) has expired)

Note

Small time differences (of the order of 2 to 3 safety clock cycles (here up to 36 ms)) are
caused by internal calculations and do not present a problem.
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10.5 Acceptance tests

10.5.2.6 Acceptance test for Safely-Limited Speed with encoder (Extended Functions)

SLS with encoder with stop response "STOP A"

Table 10- 16 Function "Safely Limited Speed with encoder" with STOP A

No. Description Status

Note:
The acceptance test must be carried out separately for each configured control and each SLS speed limit used.
Control may be via TM54F or PROFIsafe.

1. Initial state
e Drive in "Ready" state (p0010 = Q)

e Safety Integrated Extended Functions enabled (p9601.2 = 1)

e Safety functions enabled (p9501.0 = 1)

e Safety configured with encoder (p9506 = 0)

e SLSinactive (r9722.4 = 0)

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7]); see note "Non-
critical alarms" at the beginning of the section "Acceptance test".

¢ No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section
"Acceptance test".

2. ¢ It may be necessary to take measures in the higher-level control to be able to exceed the active speed limit.
e Please ensure that the internal limits r9733.0 and r9733.1 are canceled by the selection "Start acceptance
test".
3. Configure and activate trace recording

e Trigger: Trigger on variable - bit pattern (r9722.7 = 0)

e Record the following values: r9714[0], r9720, r9721, r9722

e Select the time interval and pretrigger so you can recognize when the active SLS
limit has been exceeded and the subsequent drive responses

For better analysis, display the following bit values:
e 19720.4 (deselection SLS) and r9720.9/.10 (selection SLS level)

e r9721.12 (STOP A or B active)

e r9722.0 (STO active; set for STOP A)

e r9722.4 (SLS active) and r9722.9/.10 (active SLS level)

e r9722.7 (internal event; set when the first Safety message occurs)
Select SLS with level x
Switch on the drive and specify the setpoint above the SLS limit

e Check whether the drive is moving, and after the SLS limit (p9331[x]/9531[x]) has
been exceeded that it is coasting down or a configured holding brake is closed
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No. Description Status
Check whether the following Safety messages are pending:

e C01714 (x00), C30714 (x00); x = 1...4 depending on the SLS level (safely limited
speed exceeded)

e (01700, C30700 (STOP A initiated)

4. Analyze trace:

o If r9714[0] exceeds the active SLS limit, a Safety message (r9722.7 = 0) becomes
active

e STOP Aiis initiated as a consequence

5. Save/print the trace and add it to the acceptance report (refer to the example below)

6. Deselect SLS and acknowledge Safety messages
e No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])

e r0046.0 = 1 (drive in "switch-on inhibit" state)

Acknowledge "switch-on inhibit" and run the drive

Check whether the drive is moving

Example trace SLS with encoder with STOP A

177 i i i i i Drive71l.r9714[IO]: SI__MIotion diallgnosticls velocilty, Ioadl-side aclt_ual veIcI:city vallue at thle Cor_nrtl:l Unit )
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Figure 10-4 Example trace: SLS with encoder with STOP A
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Trace evaluation:

e SLS function with SLS level 1 is active (see bits "deselection SLS", "selection SLS bit 0",
"selection SLS bit 1" and "SLS active", "active SLS level bit 0" and "active SLS level
bit 1")

® Drive is accelerated beyond the SLS limit (time axis from approx. -400 ms)
® Exceeding the limit is recognized (time axis 0 ms)
e Safety fault is initiated (time axis 0 ms; bit "internal event" is set to 0)

e Fault response STOP A is initiated (time axis 0 ms; see bit "STOP A or B active" and
"STO active")

® Drive coasts down (see curve from Drive_1.r9714[0])

Note

Small time differences (of the order of 2 to 3 Safety clock cycles (here up to 36 ms)) are
caused by internal calculations and do not present a problem.

SLS with encoder with stop response "STOP B"

Table 10- 17 Function "Safely Limited Speed with encoder" with STOP B

No. Description Status

Note:
The acceptance test must be carried out separately for each configured control and each SLS speed limit used.
Control may be via TM54F or PROFIsafe.

1. Initial state
e Drive in "Ready" state (p0010 = 0)

e Safety Integrated Extended Functions enabled (p9601.2 = 1)

o Safety functions enabled (p9501.0 = 1)

o Safety configured with encoder (p9506 = 0)

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7]); see note "Non-
critical alarms" at the beginning of the section "Acceptance test".

¢ No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section
"Acceptance test".

2. It may be necessary to take measures in the higher-level control to be able to exceed the active speed limit.

3. Configure and activate trace recording.

e Trigger: Trigger on variable - bit pattern (r9722.7 = 0)

¢ Record the following values: r9714[0], r9714[1], r9720, r9721, r9722

e Select the time interval and pretrigger so you can recognize when the active SLS
limit has been exceeded and the subsequent drive responses

Safety Integrated
324 Function Manual, 03/2011, ASE03264275A



Acceplance test and acceptance report

10.5 Acceplance fests

No. Description Status

For better analysis, display the following bit values:
e r9720.4 (deselection SLS) and r9720.9/.10 (selection SLS level)

e r9721.12 (STOP A or B active)

e r9722.0 (STO active; set for STOP A)

e r9722.1 (SS1 active; set for STOP B)

e r9722.4 (SLS active) and r9722.9/.10 (active SLS level)

o r9722.7 (internal event; set when the first Safety message occurs)
Select SLS with level x
Switch on the drive and specify the setpoint above the SLS limit

e Check whether the drive is moving, and after the SLS limit (p9331[x]/9531[x]) has
been exceeded that it is decelerated along the OFF3 ramp before STOP A
becomes active

Check whether the following Safety messages are pending:

e C01714 (x00), C30714 (x00); x = 1...4 depending on the SLS level (safely limited
speed exceeded)

e (CO01701, C30701 (STOP B initiated)

e (01700, C30700 (STOP A initiated)

4. Analyze trace:

e [fr9714[0] exceeds the active SLS limit, a Safety message (r9722.7 = 0) becomes
active

e A STOP B is initiated as a consequence (with subsequent stop STOP A)

5. Save/print the trace and add it to the acceptance report (refer to the example below)

6. Deselect SLS and acknowledge Safety messages
e No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])

e 10046.0 = 1 (drive in "switch-on inhibit" state)

Acknowledge "switch-on inhibit" and run the drive

e Check whether the drive is moving
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Example trace SLS with encoder with STOP B

'
| : 3 ; :Drive71Ar9714[1]: S| Motion diagnostics velocity, actual SBR velocity limit at the Control Unit
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Figure 10-5 Example trace: SLS with encoder with STOP B

Select SLS bit 0

Trace evaluation:

e SLS function with SLS level 2 is active (see bits "deselection SLS", "selection SLS bit 0",
"selection SLS bit 1" and "SLS active", "active SLS level bit 0" and "active SLS level
bit 1")

® Drive is accelerated beyond the SLS limit (time axis from approx. -400 ms)

® Exceeding the limit is recognized (time axis 0 ms)

e Safety fault is initiated (time axis 0 ms; bit "internal event" is set to 0)

® Fault response STOP B is initiated (time axis 0 ms; see bit "STOP A or B active" and
"SS1 active")

® Drive is decelerated to a standstill (see curve of Drive_1.r9714[0])
e Standstill reached (time axis from approx. 250 ms)

e STOP A (as follow-up response to STOP B) is activated (see bit "STO active"); at this
point the speed falls below the shutdown speed SS1 (p9560/p9360) (drops below the
shutdown speed SS1 before SS1 timer p9556/p9356 has expired)
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Note

Small time differences (of the order of 2 to 3 safety clock cycles (here up to 36 ms)) are
caused by internal calculations and do not present a problem.

SLS with encoder with stop response "STOP C"

Table 10- 18 Function "Safely Limited Speed with encoder" with STOP C

No. Description Status

Note:
The acceptance test must be carried out separately for each configured control and each SLS speed limit used.
Control may be via TM54F or PROFIsafe.

1. Initial state
e Drive in "Ready" state (p0010 = 0)

o Safety Integrated Extended Functions enabled (p9601.2 = 1)

o Safety functions enabled (p9501.0 = 1)

e Safety configured with encoder (p9506 = 0)

e No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7]); see note "Non-
critical alarms" at the beginning of the section "Acceptance test".

e No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section
"Acceptance test".

It may be necessary to take measures in the higher-level control to be able to exceed the active speed limit

Configure and activate trace recording.

e Trigger: Trigger on variable - bit pattern (r9722.7 = 0)

¢ Record the following values: r9714[0], r9714[1], r9720, r9721, r9722

e Select the time interval and pretrigger so you can recognize when the active SLS
limit has been exceeded and the subsequent drive responses

Select SLS with level x
Switch on the drive and specify the setpoint above the SLS limit

e Check whether the drive is moving, and after the SLS limit (p9331[x]/9531[x]) has
been exceeded that it is decelerated to a standstill along the OFF3 ramp

Check whether the following Safety messages are pending:

e C01714 (x00), C30714 (x00); x = 1...4 depending on the SLS level (safely limited
speed exceeded)

e (01708, C30708 (STOP C initiated)

4. Analyze trace:

o |fr9714[0] exceeds the active SLS limit, a Safety message (r9722.7 = 0) becomes
active

e STOP Cis initiated as a consequence
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No. Description Status

For better analysis, display the following bit values:
e r9720.4 (deselection SLS) and r9720.9/.10 (selection SLS level)

e r9721.13 (STOP C active)

e r9722.2 (SS2 active; set for STOP C)

e r9722.3 (SOS active)

e r9722.4 (SLS active) and r9722.9/.10 (active SLS level)

e r9722.7 (internal event; set when the first Safety message occurs)

5. Save/print the trace and add it to the acceptance report (refer to the example below)

6. Deselect SLS and acknowledge Safety messages

e Check whether the drive is running with the setpoint again

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])
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Example trace SLS with encoder with STOP C

'
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Figure 10-6 Example trace: SLS with encoder with STOP C

Trace evaluation:

e SLS function with SLS level 1 is active (see bits "deselection SLS", "selection SLS bit 0",
"selection SLS bit 1" and "SLS active", "active SLS level bit 0" and "active SLS level
bit 1)

® Drive is accelerated beyond the SLS limit (time axis from approx. -400 ms)

® Exceeding the limit is recognized (time axis 0 ms)

e Safety fault is initiated (time axis 0 ms; bit "internal event" is set to 0)

® Fault response STOP C is initiated (see bit "STOP C active" and "SS2 active")
® Drive is decelerated to a standstill (see curve of Drive_1.r9714[0])

e After the SS2 timer has expired the follow-up function SOS is activated (time axis
500 ms)

® The "SOS active" bit is set and "SLS active" is reset

Note

Small time differences (of the order of 2 to 3 safety clock cycles (here up to 36 ms)) are
caused by internal calculations and do not present a problem.
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SLS with encoder with stop response "STOP D"

Table 10- 19 Function "Safely Limited Speed with encoder" with STOP D

No. Description Status

Note:
The acceptance test must be carried out separately for each configured control and each SLS speed limit used.
Control may be via TM54F or PROFIsafe.

1. Initial state
e Drive in "Ready" state (p0010 = 0)

o Safety Integrated Extended Functions enabled (p9601.2 = 1)

e Safety functions enabled (p9501.0 = 1)

e Safety configured with encoder (p9506 = 0)

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747]0...7]); see note "Non-
critical alarms" at the beginning of the section "Acceptance test".

¢ No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section
"Acceptance test".

2. It may be necessary to take measures in the higher-level control to be able to exceed the active speed limit

3. Configure and activate trace recording

e Trigger: Trigger on variable - bit pattern (r9722.7 = 0)

e Record the following values: r9714[0], r9720, r9721, r9722

e Select the time interval and pretrigger so that the exceeding of the active SLS limit
and the subsequent drive responses can be recognized

For better analysis, display the following bit values:
e r9720.4 (deselection SLS) and r9720.9/.10 (selection SLS level)

e r9721.14 (STOP D active)

e r9722.3 (SOS active)
e r9722.4 (SLS active) and r9722.9/.10 (active SLS level)

e r9722.7 (internal event; set when the first Safety message occurs)

Select SLS with level x
Switch on the drive and specify the setpoint above the SLS limit
¢ Check whether the drive is moving, and after the SLS limit (p9331[x]/9531[x]) and

the SOS standstill tolerance window have been exceeded, that it is decelerated
along the OFF3 ramp before STOP A becomes active as a consequence

Check whether the following Safety messages are pending:

e C01714 (x00), C30714 (x00); x = 1...4 depending on the SLS level (safely limited
speed exceeded)

e C01709, C30709 (STOP D initiated)

e (01707, C30707 (tolerance for safe operating stop exceeded)
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No. Description Status
e (C01701, C30701 (STOP B initiated)

e (01700, C30700 (STOP A initiated)

4. Analyze trace:

o |fr9714[0] exceeds the active SLS limit, a Safety message (r9722.7 = 0) becomes
active

e STOP D is initiated as a consequence.

e As a consequence of STOP D (selection SOS) the above-described responses will
be triggered if the drive is not stopped by the higher-level control on activation of

STOP D
5. Save/print the trace and add it to the acceptance report (refer to the example below)
6. Deselect SLS and acknowledge Safety messages

e No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])

e 10046.0 = 1 (drive in "switch-on inhibit" state)

Acknowledge "switch-on inhibit" and run the drive

e Check whether the drive is moving
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Example trace SLS with encoder with STOP D

STOP D active

Select SLS bit 1

Select SLS bit 0

Deselect SLS
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Figure 10-7 Example trace: SLS with encoder with STOP D

332

Trace evaluation:

SLS function with SLS level 2 is active (see bits "deselection SLS", "selection SLS bit 0",
"selection SLS bit 1" and "SLS active", "active SLS level bit 0" and "active SLS level

bit 1")

Drive is accelerated beyond the SLS limit (time axis from approx. -400 ms)

Exceeding the limit is recognized (time axis 0 ms)

Safety fault is initiated (time axis 0 ms; bit "internal event" is set to 0)

Fault response STOP D (corresponds to selection SOS) is initiated (see bit "STOP D
active")

The standstill position is only safely monitored (time axis 100 ms; see bit "SOS active")
after the transition time STOP D to SOS (p9553/p9353) has expired

But as the axis continues to turn, the standstill tolerance window is violated (time axis
approx. 120 ms)

STOP B is initiated (see bit "SS1 active")

The drive is decelerated to a standstill
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e Standstill is reached (time axis approx. 500 ms)

e STOP A (as follow-up response to STOP B) is activated (see bit "STO active"); at this
point the speed falls below the shutdown speed SS1 (p9560/p9360) (drops below the
shutdown speed SS1 before SS1 timer p9556/p9356 has expired).

Note

Small time differences (of the order of 2 to 3 Safety clock cycles (here up to 36 ms)) are
caused by internal calculations and do not present a problem.

SLS with encoder with stop response "STOP E"

Table 10- 20 Function "Safely Limited Speed with encoder" with STOP E

No. Description Status

Note:
The acceptance test must be carried out separately for each configured control and each SLS speed limit used.
Control may be via TM54F or PROFIsafe.

1. Initial state
e Drive in "Ready" state (p0010 = 0)

o Safety Integrated Extended Functions enabled (p9601.2 = 1)

o Safety functions enabled (p9501.0 = 1)

e Safety configured with encoder (p9506 = 0)

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7]); see note "Non-
critical alarms" at the beginning of the section "Acceptance test".

e No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section
"Acceptance test".

It may be necessary to take measures in the higher-level control to be able to exceed the active speed limit

Configure and activate trace recording

e Trigger: Trigger on variable - bit pattern (r9722.7 = 0)

e Record the following values: r9714[0], r9720, r9721, r9722

e Select the time interval and pretrigger so that the exceeding of the active SLS limit
and the subsequent drive responses can be recognized

For better analysis, display the following bit values:
e r9720.4 (deselection SLS) and r9720.9/.10 (selection SLS level)

e r9721.15 (STOP E active)

e r9722.3 (SOS active)

e r9722.4 (SLS active) and r9722.9/.10 (active SLS level)

e r9722.7 (internal event; set when the first Safety message occurs)

Select SLS with level x
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No. Description | Status

Switch on the drive and specify the setpoint above the SLS limit

e Check whether the drive is moving, and after the SLS limit (p9331[x]/9531[x]) and
the SOS standstill tolerance window have been exceeded, that it is decelerated
along the OFF3 ramp before STOP A becomes active as a consequence

Check whether the following Safety messages are pending:

e C01714 (x00), C30714 (x00); x = 1...4 depending on the SLS level (safely limited
speed exceeded)

e (CO01710, C30710 (STOP E initiated)

e (C01707, C30707 (tolerance for safe operating stop exceeded)

e C01701, C30701 (STOP B initiated)
e (C01700, C30700 (STOP A initiated)

4. Analyze trace:

e |fr9714[0] exceeds the active SLS limit, a Safety message (r9722.7 = 0) becomes
active

e STOP E is initiated as a consequence.

e As a consequence of STOP E (selection SOS) the above-described responses will
be triggered if the drive is not stopped by the higher-level control on activation of
STOP E

5. Save/print the trace and add it to the acceptance report (refer to the example below)

Deselect SLS and acknowledge Safety messages
¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])

e r0046.0 = 1 (drive in "switch-on inhibit" state)

Acknowledge "switch-on inhibit" and run the drive

e Check whether the drive is moving
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Example trace SLS with encoder with STOP E
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Figure 10-8 Example trace: SLS with encoder with STOP E

Trace evaluation:

e SLS function with SLS level 2 is active (see bits "deselection SLS", "selection SLS bit 0",
"selection SLS bit 1" and "SLS active", "active SLS level bit 0" and "active SLS level
bit 1")

® Drive is accelerated beyond the SLS limit (time axis from approx. -400 ms)

® Exceeding the limit is recognized (time axis 0 ms)

e Safety fault is initiated (time axis 0 ms; bit "internal event" is set to 0)

® Fault reaction STOP E (corresponds to selection SOS) is initiated (see bit "STOP E
active")

® The standstill position is only safely monitored (time axis 100 ms; see bit "SOS active")
after the transition time STOP E to SOS (p9553/p9353) has expired

® But as the axis continues to turn, the standstill tolerance window is violated (time axis
approx. 120 ms)

® STOP B is initiated (see bit "SS1 active")

® The drive is decelerated to a standstill
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e Standstill is reached (time axis approx. 500 ms)

e STOP A (as follow-up response to STOP B) is activated (see bit "STO active"); at this
point the speed falls below the shutdown speed SS1 (p9560/p9360) (drops below the
shutdown speed SS1 before SS1 timer p9556/p9356 has expired).

Note

Small time differences (of the order of 2 to 3 Safety clock cycles (here up to 36 ms)) are
caused by internal calculations and do not present a problem.
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10.5.2.7 Acceptance test for Safe Speed Monitor with encoder (Extended Functions)

Table 10- 21 "Safe Speed Monitor with encoder" function

No. Description Status

1. Initial state
e Drive in "Ready" state (p0010 = 0)

o Safety Integrated Extended Functions enabled (p9601.2 = 1)

o Safety functions enabled (p9501.0 = 1)

e Safety configured with encoder (p9506 = 0)

o No Safety message (r0945, r2122, r9747); see note "Non-critical alarms" at the
beginning of the section "Acceptance tests".

¢ No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section
"Acceptance test".

2. Switch off the drive or specify speed setpoint = 0

Configure and activate trace recording

e Trigger: Trigger on variable - bit pattern (r9722.15 = 1)

e Record the following values: r9714[0], r9722

e Select the time interval and pretrigger so you can recognize when the level
exceeds the SSM limit (p9346/9546) and subsequently falls below it again

For better analysis, display the following bit values:
o r9722.15 (SSM speed under the limit value)

Switch on the drive and specify the setpoint so that the level briefly exceeds the SSM limit and then drops below
it once more

e Check whether the drive is turning

3. Analyze trace:
o 1f r9714[0] exceeds the SSM limit p9346/p9546, r9722.15 = 0 applies

e After the limit has been violated, r9722.15 = 1 is valid

o If the hysteresis is active, r9722.15 only becomes 1 again if r9714[0] falls below the
limit p9346/p9546 minus hysteresis value p9347/p9547.

4, Save/print the trace and add it to the acceptance report (refer to the example below)
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Example, SSM trace with encoder (with hysteresis)

SSM (speed below limit value)

-1
-400 200 1] 200 400 £00 200 1000 1200 1400 1600 1800 2000 2200 2400
[ms]

Figure 10-9 Example trace: SSM with encoder (with hysteresis)

Trace evaluation:

® Drive is accelerated (time axis from approx. -300 ms)

e SSM limit value (p9546/p9346) is exceeded (time axis 0 ms)

® Bit "SSM (speed below limit value)" is set to 0 (time axis 0 ms)
® Drive is braked again (time axis approx. 750 ms)

e Hysteresis active: The bit cited above is only set to 1 again if the speed falls below the
SSM limit value minus the hysteresis value (p9547/p9347) (time axis approx. 1080 ms)

Note

Small time differences (of the order of 2 to 3 Safety clock cycles (here up to 36 ms)) are
caused by internal calculations and do not present a problem.
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10.5.2.8 Acceptance test for Safe Direction with encoder (Extended Functions)

SDI positive/negative with encoder and stop response "STOP A"

Table 10- 22 "Safe Direction positive/negative with encoder"” function with STOP A

No. Description Status

Note:
The acceptance test must be individually performed for each configured control and for both directions of rotation.
Control may be via TM54F or PROFIsafe.

1. Initial state
e Drive in "Ready" state (p0010 = 0)

e Safety Integrated Extended Functions enabled (p9601.2 = 1)

e Safety functions enabled (p9501.0 = 1)

o Safety configured with encoder (p9506 = 0)

e SDI enabled (p9501.17 = 1)

e SDI positive deselected (r9720.12 = 1) and SDI negative deselected (r9720.13 = 1)

e No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7]); see note "Non-
critical alarms" at the beginning of the section "Acceptance test".

¢ No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section
"Acceptance test".

2. ¢ |t may be necessary to take measures in the higher-level control to be able to exceed the SDI tolerance.
e Please ensure that the internal limits r9733.0 and r9733.1 are canceled by the selection "Start acceptance
test".
3. Configure and activate trace recording

e Trigger: Trigger on variable - bit pattern (r9722.7 = 0)

¢ Record the following values: r9713[0], r9720, r9721, r9722

e Select the time interval and pretrigger so you can recognize when the active SDI
tolerance has been exceeded and the subsequent drive responses

For better analysis, display the following bit values:
e r9720.12 (deselection SDI positive) or r9720.13 (deselection SDI negative)

e r9721.2 (pulse enable)

e r9722.0 (STO active; set for STOP A)

e r9722.7 (internal event; set to 0 when the first Safety message occurs)

e r9722.12 (SDI positive active) or r9722.13 (SDI negative active)

Select SDI positive or SDI negative

Switch-on the drive and traverse in the negative or positive direction of rotation

e Check whether the drive is moving, and after the SDI tolerance (p9564/9364) has
been exceeded that it is coasting down or a configured holding brake is closed
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10.5 Acceptance tests

No. Description Status
Check whether the following Safety messages are pending:

e (01716 (0), C30716 (0); tolerance for SDI exceeded in positive direction or

e (CO01716 (1), C30716 (1); tolerance for SDI exceeded in the negative direction

e (01700, C30700 (STOP A initiated)

4. Analyze trace:

e As soon as r9713[0] (unit um or m°) leaves the SDI tolerance window, a Safety
message (r9722.7 = 0) becomes active

e As consequence, STOP A is initiated and the pulses are canceled (p9721.2 = 1).

5. Save/print the trace and add it to the acceptance report (refer to the example below)

Deselect SDI and safely acknowledge Safety messages
¢ No Safety faults, alarms and messages (r0945[0...7], r2122[0...7], r9747[0...7])

e r0046.0 = 1 (drive in "switch-on inhibit" state)

Acknowledge "switch-on inhibit" and run the drive

e Check whether the drive is moving

7. Repeat points 1 to 6 for the opposite direction.
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10.5 Acceplance fests

Example, SDI positive trace with encoder with STOP A

Drive_1.r9713[0]: SI Motion diagnostics position actual value load side, actual value at the Control Unit

\ Deselect SDI positive
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SDI positive active
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STO active
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Figure 10-10 Example trace: SDI positive with encoder with STOP A

Trace evaluation:

Safety Integrated

Function SDI positive is activated (see bits "Deselect SDI positive" and "SDI positive
active")

The drive starts moving (time axis approx. -200 ms)
Exiting the SDI tolerance window is detected (time axis 0 ms)
Safety messages are initiated (time axis 0 ms; bit "internal event" is set to 0)

Error response STOP A is initiated (time axis 0 ms; bits "STO active" and "Pulse enable"
are setto 1)

The drive coasts to a standstill or a configured holding brake is closed

Note

Small time differences (of the order of 2 to 3 Safety clock cycles (here up to 8 ms)) are
caused by internal calculations and do not present a problem.
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10.5 Acceptance tests

SDI positive/negative with encoder and stop response "STOP B"

Table 10- 23 "Safe Direction positive/negative with encoder" function with STOP B

No. Description Status

Note:
The acceptance test must be individually performed for each configured control and for both directions of rotation.
Control may be via TM54F or PROFIsafe.

1. Initial state
e Drive in "Ready" state (p0010 = 0)

o Safety Integrated Extended Functions enabled (p9601.2 = 1)

e Safety functions enabled (p9501.0 = 1)

e Safety configured with encoder (p9506 = 0)

e SDIl enabled (p9501.17 = 1)

e SDI positive deselected (r9720.12 = 1) and SDI negative deselected (r9720.13 = 1)

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7]); see note "Non-
critical alarms" at the beginning of the section "Acceptance test".

¢ No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section
"Acceptance test".

2. ¢ |t may be necessary to take measures in the higher-level control to be able to exceed the SDI tolerance.
e Please ensure that the internal limits r9733.0 and r9733.1 are canceled by the selection "Start acceptance
test".
3. Configure and activate trace recording

e Trigger: Trigger on variable - bit pattern (r9722.7 = 0)

¢ Record the following values: r9713[0], r9720, r9721, r9722

e Select the time interval and pretrigger so you can recognize when the active SDI
tolerance has been exceeded and the subsequent drive responses

For better analysis, display the following bit values:
e r9720.12 (deselection SDI positive) or r9720.13 (deselection SDI negative)

e r9721.2 (pulse enable; this is set for STOP A)

e r9722.0 (SS1 active; this is set for STOP B)

e r9722.7 (internal event; set to 0 when the first Safety message occurs)

e r9722.12 (SDI positive active) or r9722.13 (SDI negative active)

Select SDI positive or SDI negative

Switch-on the drive and traverse in the negative or positive direction of rotation

e Check whether the drive is moving, and after the SDI tolerance (p9564/9364) has
been exceeded that it is decelerated along the OFF3 ramp before STOP A
becomes active
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No. Description Status
Check whether the following Safety messages are pending:

e (01716 (0), C30716 (0); tolerance for SDI exceeded in positive direction or

e (C01716 (1), C30716 (1); tolerance for SDI exceeded in the negative direction

e (CO01701, C30701 (STOP B initiated)

e (01700, C30700 (STOP A initiated)

4. Analyze trace:

e As soon as r9713[0] (unit yum or m°) leaves the SDI tolerance window, a Safety
message (r9722.7 = 0) becomes active

e STOP B is initiated as a consequence (with subsequent stop STOP A)

5. Save/print the trace and add it to the acceptance report (refer to the example below)

6. Deselect SDI and safely acknowledge Safety messages
o No Safety faults, alarms and messages (r0945[0...7], r2122[0...7], r9747[0...7])

e 10046.0 = 1 (drive in "switch-on inhibit" state)

Acknowledge "switch-on inhibit" and run the drive

e Check whether the drive is moving

7. Repeat points 1 to 6 for the opposite direction.
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Example, SDI positive trace with encoder with STOP B

S — Drive_1.r9713[0]: SI Motion diagnostics position actual value load side, actual value at the Control Unit

\ Deselect SDI positive
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Figure 10-11 Example trace: SDI positive with encoder with STOP B

Trace evaluation:

® Function SDI positive is activated (see bits "Deselect SDI positive" and "SDI positive
active")

® The drive starts moving (time axis approx. -300 ms)

e Exiting the SDI tolerance window is detected (time axis 0 ms)

e Safety messages are initiated (time axis 0 ms; bit "internal event" is set to 0)
® Error response STOP B is triggered (time axis 0 ms; see bit "SS1 active")

® The drive is decelerated to a standstill

e Standstill reached (time axis from approx. 250 ms)

® STOP A (as follow-up response to STOP B) is activated (see bit "pulse enable" = 1); at
this point, the speed falls below the shutdown speed SS1 (p9560/p9360) (speed drops
below the shutdown speed SS1 before SS1 timer p9556/p9356 has expired)

Note

Small time differences (of the order of 2 to 3 Safety clock cycles (here up to 6 ms)) are
caused by internal calculations and do not present a problem.
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10.5 Acceplance fests

SDI positive/negative with encoder and stop response "STOP C"

Table 10- 24 "Safe Direction positive/negative with encoder" function with STOP C

No. Description Status

Note:
The acceptance test must be individually performed for each configured control and for both directions of rotation.
Control may be via TM54F or PROFIsafe.

1. Initial state
e Drive in "Ready" state (p0010 = 0)

e Safety Integrated Extended Functions enabled (p9601.2 = 1)

e Safety functions enabled (p9501.0 = 1)

e Safety configured with encoder (p9506 = 0)

e SDIl enabled (p9501.17 = 1)

e SDI positive deselected (r9720.12 = 1) and SDI negative deselected (r9720.13 = 1)

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7]); see note "Non-
critical alarms" at the beginning of the section "Acceptance test".

o No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section
"Acceptance test".

2. ¢ |t may be necessary to take measures in the higher-level control to be able to exceed the SDI tolerance.
e Please ensure that the internal limits r9733.0 and r9733.1 are canceled by the selection "Start acceptance
test".
3. Configure and activate trace recording

e Trigger: Trigger on variable - bit pattern (r9722.7 = 0)

¢ Record the following values: r9713[0], r9720, r9721, r9722

o Select the time interval and pretrigger so you can recognize when the active SDI
tolerance has been exceeded and the subsequent drive responses

For better analysis, display the following bit values:
e r9720.12 (deselection SDI positive) or r9720.13 (deselection SDI negative)

e r9721.1 (SOS active)
e r9721.13 (STOP C active)

e r9722.7 (internal event; set to 0 when the first Safety message occurs)

e r9722.12 (SDI positive active) or r9722.13 (SDI negative active)

Select SDI positive or SDI negative

Switch-on the drive and traverse in the negative or positive direction of rotation

e Check whether the drive is moving, and after the SDI tolerance (p9564/9364) has
been exceeded that it is decelerated to a standstill along the OFF3 ramp
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10.5 Acceptance tests

No. Description Status
Check whether the following Safety messages are pending:

e (01716 (0), C30716 (0); tolerance for SDI exceeded in positive direction or

e (CO01716 (1), C30716 (1); tolerance for SDI exceeded in the negative direction

e (01708, C30708 (STOP C initiated)

4. Analyze trace:

e As soon as r9713[0] (unit um or m°) leaves the SDI tolerance window, a Safety
message (r9722.7 = 0) becomes active

e STOP Cis initiated as a consequence.

5. Save/print the trace and add it to the acceptance report (refer to the example below)

Deselect SDI and safely acknowledge Safety messages

e Check whether the drive is running with the setpoint again

e No Safety faults, alarms and messages (r0945[0...7], r2122[0...7], r9747[0...7])

7. Repeat points 1 to 6 for the opposite direction.
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10.5 Acceplance fests

Example, SDI positive trace with encoder with STOP C

i Drive_1.r9713[0]: SI Motion diagnostics position actual value load side, actual value at the Control Unit

\ Deselect SDI positive
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STOP C active
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Figure 10-12 Example trace: SDI positive with encoder with STOP C

Trace evaluation:

e Function SDI positive is activated (see bits "Deselect SDI positive" and "SDI positive
active")

® The drive starts moving (time axis approx. -300 ms)

e Exiting the SDI tolerance window is detected (time axis 0 ms)

e Safety messages are initiated (time axis 0 ms; bit "internal event" is set to 0)
® Error response STOP C is triggered (time axis 0 ms; see bit "STOP C active")
® The drive is decelerated to a standstill

e After the SS2 timer has expired the follow-up function SOS is activated (time axis
400 ms)

® The "SOS active" bit is set

Note

Small time differences (of the order of 2 to 3 Safety clock cycles (here up to 6 ms)) are
caused by internal calculations and do not present a problem.
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10.5 Acceptance tests

SDI positive/negative with encoder and stop response "STOP D"

Table 10- 25 "Safe Direction positive/negative with encoder" function with STOP D

No. Description Status

Note:
The acceptance test must be individually performed for each configured control and for both directions of rotation.
Control may be via TM54F or PROFIsafe.

1. Initial state
e Drive in "Ready" state (p0010 = 0)

o Safety Integrated Extended Functions enabled (p9601.2 = 1)

e Safety functions enabled (p9501.0 = 1)

e Safety configured with encoder (p9506 = 0)

e SDIl enabled (p9501.17 = 1)

e SDI positive deselected (r9720.12 = 1) and SDI negative deselected (r9720.13 = 1)

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7]); see note "Non-
critical alarms" at the beginning of the section "Acceptance test".

¢ No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section
"Acceptance test".

2. ¢ |t may be necessary to take measures in the higher-level control to be able to exceed the SDI tolerance.
e Please ensure that the internal limits r9733.0 and r9733.1 are canceled by the selection "Start acceptance
test".
3. Configure and activate trace recording

e Trigger: Trigger on variable - bit pattern (r9722.7 = 0)

¢ Record the following values: r9713[0], r9720, r9721, r9722

e Select the time interval and pretrigger so you can recognize when the active SDI
tolerance has been exceeded and the subsequent drive responses

For better analysis, display the following bit values:
e r9720.12 (deselection SDI positive) or r9720.13 (deselection SDI negative)

e r9721.2 (pulse enable; this is set for STOP A)

e r9721.14 (STOP D active)

e r9722.1 (SS1 active; set for STOP B)

e r9722.3 (SOS active)

e r9722.7 (internal event; set to 0 when the first Safety message occurs)

e r9722.12 (SDI positive active) or r9722.13 (SDI negative active)

Select SDI positive or SDI negative
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10.5 Acceplance fests

No. Description ‘ Status
Switch-on the drive and traverse in the negative or positive direction of rotation
e Check whether the drive moves and — after the SDI tolerance (p9564/9364) has

been exceeded as well as the standstill window for SOS exited — decelerates along
the OFF3 ramp before STOP A becomes active

Check whether the following Safety messages are pending:
e (C01716 (0), C30716 (0); tolerance for SDI exceeded in positive direction or
e (01716 (1), C30716 (1); tolerance for SDI exceeded in the negative direction

e C01709, C30709 (STOP D initiated)

e (01707, C30707 (Tolerance for safe operating stop exceeded)

e (CO01701, C30701 (STOP B initiated)

e (CO01700, C30700 (STOP A initiated)

4. Analyze trace:

e As soon as r9713[0] (unit um or m°) leaves the SDI tolerance window, a Safety
message (r9722.7 = 0) becomes active

e STOP D is initiated as a consequence.

e As a consequence of STOP D (selection SOS) the above-described responses will
be triggered if the drive is not stopped by the higher-level control on activation of

STOP D
5. Save/print the trace and add it to the acceptance report (refer to the example below)
6. Deselect SDI and safely acknowledge Safety messages

¢ No Safety faults, alarms and messages (r0945[0...7], r2122[0...7], r9747[0...7])

e r0046.0 = 1 (drive in "switch-on inhibit" state)

Acknowledge "switch-on inhibit" and run the drive

e Check whether the drive is moving

7. Repeat points 1 to 6 for the opposite direction.
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Example, SDI positive trace with encoder with STOP D

B | Drive_1.r9713[0]: SI Motion diagnostics position actual value load side, actual value at the Control Unit
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Figure 10-13 Example trace: SDI positive with encoder with STOP D

Trace evaluation:

e Function SDI positive is activated (see bits "Deselect SDI positive" and "SDI positive
active")

® The drive starts moving (time axis approx. -300 ms)
e Exiting the SDI tolerance window is detected (time axis 0 ms)
e Safety messages are initiated (time axis 0 ms; bit "internal event" is set to 0)

e Fault response STOP D (corresponds to selecting SOS) is initiated (time axis 0 ms; see
bit "STOP D active")

® The standstill position is only safely monitored (time axis 300 ms; see bit "SOS active")
after the transition time STOP E to SOS (p9553/p9353) has expired

e But as the axis continues to turn, the standstill tolerance window is violated (time axis
approx. 600 ms)

e STOP B is initiated (see bit "SS1 active")

® The drive is decelerated to a standstill
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10.5 Acceplance fests

e Standstill is reached (time axis approx. 650 ms)

e STOP A (as follow-up response to STOP B) is activated (see bit "STO active"); at this
point the speed falls below the shutdown speed SS1 (p9560/p9360) (drops below the
shutdown speed SS1 before SS1 timer p9556/p9356 has expired).

Note

Small time differences (of the order of 2 to 3 Safety clock cycles (here up to 6 ms)) are
caused by internal calculations and do not present a problem.

SDI positive/negative with encoder and stop response "STOP E"

Table 10- 26 "Safe Direction positive/negative with encoder” function with STOP E

No. Description Status

Note:
The acceptance test must be individually performed for each configured control and for both directions of rotation.
Control may be via TM54F or PROFIsafe.

1. Initial state
e Drive in "Ready" state (p0010 = 0)

o Safety Integrated Extended Functions enabled (p9601.2 = 1)

o Safety functions enabled (p9501.0 = 1)

e Safety configured with encoder (p9506 = 0)

o SDI enabled (p9501.17 = 1)

e SDI positive deselected (r9720.12 = 1) and SDI negative deselected (r9720.13 = 1)

o No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7]); see note "Non-
critical alarms" at the beginning of the section "Acceptance test".

e No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section
"Acceptance test".

2. e |t may be necessary to take measures in the higher-level control to be able to exceed the SDI tolerance.
e Please ensure that the internal limits r9733.0 and r9733.1 are canceled by the selection "Start acceptance
test".
3. Configure and activate trace recording

e Trigger: Trigger on variable - bit pattern (r9722.7 = 0)

e Record the following values: r9713[0], r9720, r9721, r9722

e Select the time interval and pretrigger so you can recognize when the active SDI
tolerance has been exceeded and the subsequent drive responses

For better analysis, display the following bit values:
e r9720.12 (deselection SDI positive) or r9720.13 (deselection SDI negative)

e r9721.2 (pulse enable; this is set for STOP A)
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10.5 Acceptance tests

No. Description Status
e r9721.15 (STOP E active)

e r9722.1 (SS1 active; set for STOP B)
o r9722.3 (SOS active)

e r9722.7 (internal event; set to 0 when the first Safety message occurs)

e r9722.12 (SDI positive active) or r9722.13 (SDI negative active)

Select SDI positive or SDI negative

Switch-on the drive and traverse in the negative or positive direction of rotation

e Check whether the drive moves and — after the SDI tolerance (p9564/9364) has
been exceeded as well as the standstill window for SOS exited — decelerates along
the OFF3 ramp before STOP A becomes active

Check whether the following Safety messages are pending:
e (01716 (0), C30716 (0); tolerance for SDI exceeded in positive direction or
e (CO01716 (1), C30716 (1); tolerance for SDI exceeded in the negative direction

e (C01710, C30710 (STOP E initiated)

e (CO01707, C30707 (tolerance for safe operating stop exceeded)
e (CO01701, C30701 (STOP B initiated)
e (C01700, C30700 (STOP A initiated)

4. Analyze trace:

e As soon as r9713[0] (unit um or m°) leaves the SDI tolerance window, a Safety
message (r9722.7 = 0) becomes active

e STOP E is initiated as a consequence.

e As a consequence of STOP E (selection SOS) the above-described responses will
be triggered if the drive is not stopped by the drive-based ESR function or higher-
level control when STOP E is activated

5. Save/print the trace and add it to the acceptance report (refer to the example below)

Deselect SDI and safely acknowledge Safety messages
¢ No Safety faults, alarms and messages (r0945[0...7], r2122[0...7], r9747[0...7])

e r0046.0 = 1 (drive in "switch-on inhibit" state)

Acknowledge "switch-on inhibit" and run the drive

e Check whether the drive is moving

7. Repeat points 1 to 6 for the opposite direction.
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Example, SDI positive trace with encoder with STOP E

Drive_1.r9713[0]: S| Motion diagnostics position actual value load side, actual value at the Control Unit
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Figure 10-14 Example trace: SDI positive with encoder with STOP E

Trace evaluation:

Safety Integrated

Function SDI positive is activated (see bits "Deselect SDI positive" and "SDI positive
active")

The drive starts moving (time axis approx. -300 ms)
Exiting the SDI tolerance window is detected (time axis 0 ms)
Safety messages are initiated (time axis 0 ms; bit "internal event" is set to 0)

Fault response STOP E (corresponds to selecting SOS) is initiated (time axis 0 ms; see
bit "STOP E active")

The standstill position is only safely monitored (time axis 500 ms; see bit "SOS active")
after the transition time STOP E to SOS (p9554/p9354) has expired

But as the axis continues to turn, the standstill tolerance window is violated (time axis
approx. 800 ms)

STOP B is initiated (see bit "SS1 active")

The drive is decelerated to a standstill
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e Standstill is reached (time axis approx. 850 ms)

e STOP A (as follow-up response to STOP B) is activated (see bit "STO active"); at this
point the speed falls below the shutdown speed SS1 (p9560/p9360) (drops below the
shutdown speed SS1 before SS1 timer p9556/p9356 has expired).

Note

Small time differences (of the order of 2 to 3 Safety clock cycles (here up to 6 ms)) are
caused by internal calculations and do not present a problem.

10.5.3 Acceptance tests for Extended Functions (without encoder)

10.5.3.1 Acceptance test Safe Torque Off without encoder (Extended Functions)

Table 10- 27 Function "Safe Torque Off without encoder"

No. Description ‘ Status

Notes:

The acceptance test must be individually conducted for each configured control.
The control can be realized via TM54F or via PROFIsafe.

1. Initial state
e Drive in "Ready" state (p0010 = 0)

e Safety Integrated Extended Functions enabled (p9601.2 = 1)

e Safety functions enabled (p9501.0 = 1)

e Safety configured without encoder (p9506 = 1 or p9506 = 3)

e No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7]); see note "Non-critical
alarms" at the beginning of the section "Acceptance test".

e No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section "Acceptance
test".

e r9772.18 =r9872.18 = 0 (STO deselected via Safe Motion Monitoring)

e r9772.0=r9772.1 = 0 (STO deselected and inactive — Control Unit)

e r9872.0 =r9872.1 = 0 (STO deselected and inactive — Motor Module)

e r9773.0=r9773.1 = 0 (STO deselected and inactive — drive)

e r9720.0 = 1 (STO deselected)

e r9722.0 =0 (STO inactive)
2. Run the drive

e Check whether the correct drive is operational
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10.5 Acceplance fests

No. Description ‘ Status

Select STO when you issue the traversing command and check the following:

e The drive coasts to a standstill or is braked and stopped by the mechanical brake (if
available and configured (p1215, p9602, p9802)).

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])

e r9772.18 =r9872.18 = 1 (STO selected via Safe Motion Monitoring)

e r9772.0=r9772.1 =1 (STO selected and active — Control Unit)

e r9872.0=r9872.1 =1 (STO selected and active — Motor Module)

e r9773.0=r9773.1 =1 (STO selected and active — drive)

e r9720.0 = 0 (STO selected)

e 19722.0 = 1 (STO active)

3. | Deselect STO and check the following:
¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])

e r9772.18 =r9872.18 = 0 (STO deselected via Safe Motion Monitoring)

e r9772.0=r9772.1 = 0 (STO deselected and inactive — Control Unit)

e r9872.0=r9872.1 = 0 (STO deselected and inactive — Motor Module)

e r9773.0=r9773.1 = 0 (STO deselected and inactive — drive)

e r9720.0 =1 (STO deselected)

e r9722.0 =0 (STO inactive)

e r0046.0 = 1 (drive in "switch-on inhibit" state)

4. | Acknowledge "switch-on inhibit" and run the drive. Check whether the correct drive is operational.

The following is tested:

e Correct DRIVE-CLIQ wiring between Control Unit and Motor/Power Modules
e Correct assignment of drive No. — Motor/Power Module — motor

e The hardware is functioning properly

e Correct parameterization of the STO function

e Forced Checking Procedure of the Shutdown Paths
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10.5 Acceptance tests

10.5.3.2

Table 10- 28 Function "Safe Stop 1 without encoder”

Acceptance test for Safe Stop 1 without encoder (Extended Functions)

No.

Description

‘ Status

Note:

The acceptance test must be individually conducted for each configured control.
The control can be realized via TM54F or via PROFIsafe.

1.

Initial state

e Drive in "Ready" state (p0010 = Q)

e Safety Integrated Extended Functions enabled (p9601.2 = 1)

e Safety functions enabled (p9501.0 = 1)

o Safety configured without encoder (p9506 = 1 or p9506 = 3)

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7]); see note "Non-critical
alarms" at the beginning of the section "Acceptance test".

e No Safety faults and alarms at the TM54F master and slave module (r0945]0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section "Acceptance
test".

Run the drive

e Check whether the correct drive is operational

Configure and activate trace recording

e Trigger: Trigger on variable - bit pattern (r9720.1 = 0)

e Record the following values: r9714[0], r9714[1], r9720, r9722

e Select the time interval and pretrigger so you can recognize the selection of SS1 and the
transition into the subsequent STO state

Select SS1 while the drive is moving

e The drive decelerates along the OFF3 ramp

e Subsequent state STO is activated

For better analysis, display the following bit values:

e r9720.1 (deselection SS1)

e r9722.0 (STO active)

e r9722.1 (SS1 active)

Analyze trace:

e STO is triggered if the speed drops below the shutdown speed (p9360/9560)

Save/print the trace and add it to the acceptance report (refer to the example below)

Canceling SS1

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])

Acknowledge "switch-on inhibit" and run the drive

e Check whether the correct drive is operational
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10.5 Acceplance fests

Example, Safe Stop 1 trace without encoder

Drive_1.r9714[0]: SI Motion diagnostics velocity, load-side actual velocity value at the Control Unit

Drive_1.r9714[1]: S| Motion diagnostics velocity, actual SBR velocity limit at the Control Unit

i Deselect SS1

I T T T T T T T T T T T T T T T T T T T T
-200 -100 0 100 200 300 400 500 600 Foa 00 900 1000 1100 1200 13200 1400 1500 1600 1700 1800
[ms]

Figure 10-15 Example, Safe Stop 1 trace without encoder

Trace evaluation:

e SS1 function is selected (time axis 0 ms; see bit "deselection SS1")

® Response bit "SS1 active" is set (time axis approx 20 ms)

® The drive decelerates along the configured OFF3 ramp (p1135)

® Recording of r9714[0] (orange curve) shows whether the OFF3 ramp is active

e STO is activated (time axis approx. 720 ms; see bit "STO active"); at this point the speed
falls below the shutdown speed SS1 (p9560/p9360)

e A fault is generated if the envelope curve of function SAM (Drive_1.r9714[1]) is exceeded
by the actual speed (drive_1.r9714[0])

In contrast to the SBR for Safety with encoder, this curve is not tracked according to
actual speed but calculated using Safety parameters. Furthermore, this monitoring only
becomes active after a configurable time has elapsed (in this case the time is 250 ms).

Note

Small time differences (of the order of 2 to 3 Safety clock cycles (here up to 36 ms)) are
caused by internal calculations and do not present a problem.
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10.5 Acceptance tests

10.5.3.3 Acceptance test for Safe Brake Control without encoder (Extended Functions)

Table 10- 29 Acceptance test "Safe Brake Control without encoder”

No. Description ‘ Status

Note:
The acceptance test must be individually conducted for each configured control.
The control can be realized via TM54F or via PROFIsafe.

1. Initial state
e Drive in "Ready" state (p0010 = Q)

e Safety Integrated Extended Functions enabled (p9601.2 = 1)

e Safety functions enabled (p9501.0 = 1)

e Safety configured without encoder (p9506 = 1 or p9506 = 3)

e Enable SBC function (p9602 = 1, p9802 = 1)

e Brake as in sequence control or brake always released (p1215 =1 or p1215 = 2)

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7]); see note "Non-critical
alarms" at the beginning of the section "Acceptance test".

¢ No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section "Acceptance
test".

e r9772.18 =r9872.18 = 0 (STO deselected via Safe Motion Monitoring)

o r9772.4=r9872.4 =0;r9773.4 = 0 (SBC not requested)
e r9720.0 =1 (STO deselected) or r9720.1 = 1 (SS1 deselected)

e r9722.0 =0 (STO inactive)

2. Run drive (if applied, brake is released)

e Check whether the correct drive is operational

Select STO when you issue the traversing command and check the following:

e Brake is applied

e No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])
o 197724 =r9872.4=1;r9773.4 = 1 (SBC requested)

e r9772.18 =r9872.18 = 1 (STO selected via Safe Motion Monitoring)

e r9720.0 = 0 (STO selected) or r9720.1 = 0 (SS1 selected)

e r9722.0 =1 (STO active)

3. Deselect STO and check the following:
¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])

o 197724 =r9872.4 =0;r9773.4 = 0 (SBC deselected)

o r9772.18 =r9872.18 = 0 (STO deselected via Safe Motion Monitoring)
e r9720.0 =1 (STO deselected) or r9720.1 = 1 (SS1 deselected)
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10.5 Acceplance fests

No. Description Status
e r9722.0 =0 (STO inactive)

e r0046.0 = 1 (drive in "switch-on inhibit" state)

4. Acknowledge "switch-on inhibit" and run the drive. Check whether the correct drive is operational.

The following is tested:

e The brake is connected properly

e The hardware is functioning properly

e The SBC is parameterized correctly

e Forced dormant error detection of the brake control

10.5.3.4 Acceptance test for Safely Limited Speed without encoder (Extended Functions)

SLS without encoder with stop response "STOP A"

Table 10- 30 Function "Safely-Limited Speed without encoder" with "STOP A"

No. Description Status

Note:
The acceptance test must be carried out separately for each configured control and each SLS speed limit used.
Control may be via TM54F or PROFIsafe.

1. Initial state
e Drive in "Ready" state (p0010 = 0)

o Safety Integrated Extended Functions enabled (p9601.2 = 1)

o Safety functions enabled (p9501.0 = 1)

e Safety configured without encoder (p9506 = 1 or p9506 = 3)

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7]); see note "Non-
critical alarms" at the beginning of the section "Acceptance test".

¢ No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section
"Acceptance test".

2. e It may be necessary to take measures in the higher-level control to be able to exceed the active speed limit.
e Please ensure that the internal limits r9733.0 and r9733.1 are canceled by the selection "Start acceptance
test".
3. Configure and activate trace recording

o Trigger: Trigger on variable - bit pattern (r9722.7 = 0)

e Record the following values: r9714[0], r9720, r9721, r9722

e Select the time interval and pretrigger so you can recognize when the active SLS
limit has been exceeded and the subsequent drive responses

Select SLS with level x
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10.5 Acceptance tests

No. Description | Status

Switch on the drive and specify the setpoint above the SLS limit

¢ Check whether the drive is moving, and after the SLS limit (p9331[x]/9531[x]) has
been exceeded that it is coasting down or a configured holding brake is closed

Check whether the following Safety messages are pending:

e C01714 (x00), C30714 (x00); x = 1...4 depending on the SLS level (safely limited
speed exceeded)

e (01700, C30700 (STOP A initiated)

4. Analyze trace:

e If r9714[0] exceeds the active SLS limit, a Safety message (r9722.7 = 0) becomes
active

e STOP Ais initiated as a consequence

For better analysis, display the following bit values:
e r9720.4 (deselection SLS) and r9720.9/.10 (selection SLS level)

e 19721.12 (STOP A or B active)

e r9722.0 (STO active; set for STOP A)

e r9722.4 (SLS active) and r9722.9/.10 (active SLS level)

o r9722.7 (internal event; set when the first Safety message occurs)

5. Save/print the trace and add it to the acceptance report (refer to the example below)

Deselect SLS and acknowledge Safety messages.
¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])

e r0046.0 = 1 (drive in "switch-on inhibit" state)

Acknowledge "switch-on inhibit" and run the drive

e Check whether the drive is moving
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10.5 Acceplance fests

Example, SLS trace without encoder with STOP A

1 Drive_1.r9714[0]: S| Motion diagnos!ics velocity, load-side actual velocity value at the Control Unit

i

Select SLS bit 1

Select SLS bit 0

|

=

Deselect SLS

'
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—
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— T
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— T —
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Figure 10-16 Example, SLS trace without encoder with STOP A

Safety Integrated

Function Manual,

Trace evaluation:

SLS function with SLS level 1 is active (see bits "deselection SLS", "selection SLS bit 0",
"selection SLS bit 1" and "SLS active", "active SLS level bit 0" and "active SLS level
bit 1)

Drive is accelerated beyond the SLS limit (time axis from approx. -800 ms)

Exceeding the limit is recognized (time axis 0 ms)
Safety fault is initiated (time axis 0 ms; bit "internal event" is set to 0)

Fault response STOP A is initiated (time axis 0 ms; see bit "STOP A or B active" and
"STO active")

Drive coasts (see red curve of r9714[0])

Note

Small time differences (of the order of 2 to 3 Safety clock cycles (here up to 36 ms)) are
caused by internal calculations and do not present a problem.
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SLS without encoder with stop response "STOP B"

Table 10- 31 Function "Safely-Limited Speed without encoder" with "STOP B"

No.

Description

Status

Note:
The acceptance test must be carried out separately for each configured control and each SLS speed limit used.
Control may be via TM54F or PROFIsafe.

1.

Initial state

e Drive in "Ready" state (p0010 = 0)

o Safety Integrated Extended Functions enabled (p9601.2 = 1)

e Safety functions enabled (p9501.0 = 1)

e Safety configured without encoder (p9506 = 1 or p9506 = 3)

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747]0...7]); see note "Non-
critical alarms" at the beginning of the section "Acceptance test".

¢ No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section
"Acceptance test".

e |t may be necessary to take measures in the higher-level control to be able to exceed the active speed limit.

e Please ensure that the internal limits r9733.0 and r9733.1 are canceled by the selection "Start acceptance

test".

Configure and activate trace recording

e Trigger: Trigger on variable - bit pattern (r9722.7 = 0)

e Record the following values: r9714[0], r9714[1], r9720, r9721, r9722

e Select the time interval and pretrigger so you can recognize when the active SLS
limit has been exceeded and the subsequent drive responses

Select SLS with level x

Switch on the drive and specify the setpoint above the SLS limit

¢ Check whether the drive is moving, and after the SLS limit (p9331[x]/9531[x]) has
been exceeded that it is decelerated along the OFF3 ramp before STOP A
becomes active

Check whether the following Safety messages are pending:

e C01714 (x00), C30714 (x00); x = 1...4 depending on the SLS level (safely limited
speed exceeded)

e (CO01701, C30701 (STOP B initiated)

e (01700, C30700 (STOP A initiated)

Analyze trace:

e |fr9714[0] exceeds the active SLS limit, a Safety message (r9722.7 = 0) becomes
active

e A STOP B is initiated as a consequence (with subsequent stop STOP A)
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No. Description Status

For better analysis, display the following bit values:
e r9720.4 (deselection SLS) and r9720.9/.10 (selection SLS level)

e r9721.12 (STOP A or B active)

e r9722.0 (STO active; set for STOP A)

e r9722.1 (SS1 active; set for STOP B)

e r9722.4 (SLS active) and r9722.9/.10 (active SLS level)

o r9722.7 (internal event; set when the first Safety message occurs)

5. Save/print the trace and add it to the acceptance report (refer to the example below)

6. Deselect SLS and acknowledge Safety messages
e No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7])

e r0046.0 = 1 (drive in "switch-on inhibit" state)

Acknowledge "switch-on inhibit" and run the drive

e Check whether the drive is moving
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Example trace SLS without encoder with STOP B

, Drive_1.r9714[0]: S| Motion diagnostics velocity, load-side actual velocity value at the Control Unit

1 Drive_1.r9714[1]: SI Motion diagnostics velocity, actual SBR velocity limit at the Control Unit

STOP A or B active

Select SLS bit 1

Select SLS bit 0

7/

e e e S S

0 i ; ; ; i : i i ; i : i : ; Deselect SLS
———— T T T T T T T T T T T T T

1000 -800 600 -400 -200 1] 200 400 E00 200 1000 1200 1400 1600 1800 2000

[ms]

Figure 10-17 Example trace: SLS without encoder with STOP B

Trace evaluation:

e SLS function with SLS level 1 is active (see bits "deselection SLS", "selection SLS bit 0",
"selection SLS bit 1" and "SLS active", "active SLS level bit 0" and "active SLS level
bit 1")

® Drive is accelerated beyond the SLS Ilimit (time axis from approx. -800 ms)

® Exceeding the limit is recognized (time axis 0 ms)

e Safety fault is initiated (time axis 0 ms; bit "internal event" is set to 0)

® Fault response STOP B is initiated (time axis 0 ms; see bit "STOP A or B active" and
"SS1 active")

® Drive is decelerated to a standstill (see orange curve of r9714[0])
e Standstill reached (time axis from approx. 600 ms)

® STOP A (as follow-up response to STOP B) is activated (see bit "STO active"); at this
point the speed falls below the shutdown speed SS1 (p9560/p9360)

® SBR monitoring is activated after 250 ms

Note

Small time differences (of the order of 2 to 3 Safety clock cycles (here up to 36 ms)) are
caused by internal calculations and do not present a problem.
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10.5 Acceplance fests

10.5.3.5 Acceptance test for Safe Speed Monitor without encoder (Extended Functions)

Table 10- 32 "Safe Speed Monitor without encoder” function

No. Description Status

1. Initial state
e Drive in "Ready" state (p0010 = 0)

o Safety Integrated Extended Functions enabled (p9601.2 = 1)

o Safety functions enabled (p9501.0 = 1)

o Safety configured without encoder (p9506 = 1 or p9506 = 3)

¢ Please note:
With active safety functions and for "SSM active" feedback signal with a pulse
inhibit (p9509.0 = 1), the drive enable must be issued within 5 seconds after STO
deselection using a positive edge at OFF1, otherwise STO becomes active again.

e No Safety faults, alarms and messages (r0945[0...7], r2122[0...7], r9747[0...7]); see
note "Non-critical alarms" at the beginning of the section "Acceptance test".

e No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section
"Acceptance test".

2. Switch off the drive or specify speed setpoint = 0

Configure and activate trace recording

e Trigger: Trigger on variable - bit pattern (r9722.15 = 1)

¢ Record the following values: r9714[0], r9722

e Select the time interval and pretrigger so you can recognize when the level
exceeds the SSM limit (p9346/p9546) and subsequently falls below it again

For better analysis, display the following bit values:
e 19722.15 (SSM speed under the limit value)

Switch on the drive and specify the setpoint so that the level briefly exceeds the SSM limit and then drops below
it once more

e Check whether the drive is turning

3. Analyze trace:
o 1f r9714[0] exceeds the SSM limit p9346/p9546, r9722.15 = 0 applies

¢ If the hysteresis is active, then r9722.15 only becomes 1 again if r9714[0] falls
below the limit p9346/p9546 minus hysteresis value p9347/p9547.

4, Save/print the trace and add it to the acceptance report (refer to the example below)
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10.5 Acceptance tests

Example, SSM trace without encoder (with hysteresis)

Drive_1.r9714[0]: SI Motion diagnostics velocity, load-side actual velocity value at the Control Unit

SSM (speed below limit value)

PR ) T BT B TR T T 7 ) P e e ) R 1 L R e L )
-300 -200 100 1] 100 200 300 400 500 BO0 700
[ms]

Figure 10-18 Example trace: SSM without encoder (with hysteresis)

Trace evaluation:

® Drive is accelerated (time axis from approx. -150 ms)

e SSM limit value (p9546/p9346) is exceeded (time axis 0 ms)

® Bit "SSM (speed below limit value)" is set to 0 (time axis 0 ms)
® Drive is decelerated again (time axis approx. 470 ms)

® Hysteresis active: The above mentioned bit is only set to 1 once more if the speed falls
below the SSM limit value minus the hysteresis value (p9547/p9347) (time axis approx.
670 ms)

Note

Small time differences (of the order of 2 to 3 Safety clock cycles (here, approx. 7 ms)) are
caused by internal calculations and do not present a problem.
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10.5.3.6 Acceptance test for Safe Direction without encoder (Extended Functions)

SDI positive/negative without encoder with stop response "STOP A"

Table 10- 33 "Safe Direction positive/negative without encoder" function with STOP A

No. Description Status

Note:
The acceptance test must be individually performed for each configured control and for both directions of rotation.
Control may be via TM54F or PROFIsafe.

1. Initial state
e Drive in "Ready" state (p0010 = 0)

e Safety Integrated Extended Functions enabled (p9601.2 = 1)

e Safety functions enabled (p9501.0 = 1)

o Safety configured without encoder (p9506 = 1 or p9506 = 3)

e SDI enabled (p9501.17 = 1)

¢ No safety function selected

e No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7]); see note "Non-
critical alarms" at the beginning of the section "Acceptance test".

¢ No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section
"Acceptance test".

2. ¢ |t may be necessary to take measures in the higher-level control to be able to exceed the SDI tolerance.

e Please ensure that the internal limits r9733.0 and r9733.1 are canceled by the selection "Start acceptance
test".

o Please note:
With active safety functions and for SSM active feedback signal with a pulse inhibit (p9509.0 = 1), within 5
seconds after STO deselection, the drive enable must be issued using a positive edge at OFF1, otherwise
STO becomes active again.

3. Configure and activate trace recording

e Trigger: Trigger on variable - bit pattern (r9722.7 = 0)

e Record the following values: r9713[0], r9720, r9721, r9722

e Select the time interval and pretrigger so you can recognize when the active SDI
tolerance has been exceeded and the subsequent drive responses

For better analysis, display the following bit values:
e r9720.12 (deselection SDI positive) or r9720.13 (deselection SDI negative)

e r9721.2 (pulse enable)
e r9722.0 (STO active; set for STOP A)

e r9722.7 (internal event; set to 0 when the first Safety message occurs)

e r9722.12 (SDI positive active) or r9722.13 (SDI negative active)
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No. Description Status
Select SDI positive or SDI negative

Switch-on the drive and traverse in the negative or positive direction of rotation

e Check whether the drive is moving, and after the SDI tolerance (p9564/9364) has
been exceeded that it is coasting down or a configured holding brake is closed

Check whether the following Safety messages are pending:
e (CO01716 (0), C30716 (0); tolerance for SDI exceeded in positive direction or
e (C01716 (1), C30716 (1); tolerance for SDI exceeded in the negative direction

e (CO01700, C30700 (STOP A initiated)

4. Analyze trace:

e As soon as r9713[0] (unit ym or m°) leaves the SDI tolerance window, a Safety
message (r9722.7 = 0) becomes active

e As consequence, STOP A is initiated and the pulses are canceled (p9721.2 = 1).

Save/print the trace and add it to the acceptance report (refer to the example below)

6. Deselect SDI and safely acknowledge Safety messages
¢ No Safety faults, alarms and messages (r0945[0...7], r2122[0...7], r9747[0...7])

e r0046.0 = 1 (drive in "switch-on inhibit" state)

Acknowledge "switch-on inhibit" and run the drive

e Check whether the drive is moving

7. Repeat points 1 to 6 for the opposite direction.
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Example, SDI negative trace without encoder with STOP A

Drive_1.r9713[0]: SI Motion diagnostics position actual value load side, actual value at the Control Unit

/_—L_/Deselect SDI negative

4

SDI negative active

Internal event

STO active

Pulse enable
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600 G50 500 450 400 -3/00 300 250 200 150 100 50 0 a0 1an

[ms]

Figure 10-19 Example trace: SDI negative without encoder with STOP A

Trace evaluation:

Safety Integrated

Function SDI negative is activated (see bits "Deselect SDI negative " and "SDI negative
active")

The drive starts moving (time axis approx. -220 ms)
Exiting the SDI tolerance window is detected (time axis 0 ms)
Safety messages are initiated (time axis 0 ms; bit "internal event” is set to 0)

Error response STOP A is initiated (time axis 0 ms; bits "STO active" and "Pulse enable"
are setto 1)

The drive coasts to a standstill or a configured holding brake is closed

Note

Small time differences (of the order of 2 to 3 Safety clock cycles (here up to 7 ms)) are
caused by internal calculations and do not present a problem.
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10.5 Acceptance tests

SDI positive/negative without encoder and stop response "STOP B"

Table 10- 34 "Safe Direction positive/negative without encoder" function with STOP B

No.

Description

Status

Note:

The acceptance test must be individually performed for each configured control and for both directions of rotation.
Control may be via TM54F or PROFIsafe.

1.

Initial state

e Drive in "Ready" state (p0010 = 0)

o Safety Integrated Extended Functions enabled (p9601.2 = 1)

e Safety functions enabled (p9501.0 = 1)

e Safety configured without encoder (p9506 = 1 or p9506 = 3)

e SDIl enabled (p9501.17 = 1)

* No safety function selected.

¢ No Safety faults and alarms (r0945[0...7], r2122[0...7], r9747[0...7]); see note "Non-

critical alarms" at the beginning of the section "Acceptance test".

¢ No Safety faults and alarms at the TM54F master and slave module (r0945[0...7],
r2122[0...7]); see note "Non-critical alarms" at the beginning of the section
"Acceptance test".

2. ¢ |t may be necessary to take measures in the higher-level control to be able to exceed the SDI tolerance.
e Please ensure that the internal limits r9733.0 and r9733.1 are canceled by the selection "Start acceptance
test".
¢ Please note:
With active safety functions and for "SSM active" feedback signal with a pulse inhibit (p9509.0 = 1), the drive
enable must be issued within 5 seconds after STO deselection using a positive edge at OFF1, otherwise STO
becomes active again.
3. Configure and activate trace recording

e Trigger: Trigger on variable - bit pattern (r9722.7 = 0)

e Record the following values: r9713[0], r9720, r9721, r9722

e Select the time interval and pretrigger so you can recognize when the active SDI
tolerance has been exceeded and the subsequent drive responses

For better analysis, display the following bit values:

e r9720.12 (deselection SDI positive) or r9720.13 (deselection SDI negative)

e r9721.2 (pulse enable; this is set for STOP A)

e r9722.1 (SS1 active; set for STOP B)

e r9722.7 (internal event; set to 0 when the first Safety message occurs)

e r9722.12 (SDI positive active) or r9722.13 (SDI negative active)

Select SDI positive or SDI negative
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Acceplance test and acceptance report

10.5 Acceplance fests

No. Description ‘ Status

Switch-on the drive and traverse in the negative or positive direction of rotation

e Check whether the drive is moving, and after the SDI tolerance (p9564/9364) has
been exceeded that it is decelerated along the OFF3 ramp before STOP A
becomes active

Check whether the following Safety messages are pending:
e (C01716 (0), C30716 (0); tolerance for SDI exceeded in positive direction or
e (01716 (1), C30716 (1); tolerance for SDI exceeded in the negative direction

e (C01701, C30701 (STOP B initiated)

e (01700, C30700 (STOP A initiated)

4. Analyze trace:

e As soon as r9713[0] (unit um or m°) leaves the SDI tolerance window, a Safety
message (r9722.7 = 0) becomes active

e STOP B is initiated as a consequence (with subsequent stop STOP A)

5. Save/print the trace and add it to the acceptance report (refer to the example below)

6. Deselect SDI and safely acknowledge Safety messages
¢ No Safety faults, alarms and messages (r0945[0...7], r2122[0...7], r9747[0...7])

e r0046.0 = 1 (drive in "switch-on inhibit" state)

Acknowledge "switch-on inhibit" and run the drive

e Check whether the drive is moving

7. Repeat points 1 to 6 for the opposite direction.
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10.5 Acceptance tests

Example, SDI negative trace without encoder with STOP B

Drive_1.r9713[0]: S| Motion diagnostics position actual value load side, actual value at the Control Unit

/7 Deselect SDI negative

B

SDI negative active

Internal event

SS1 active

Pulse enable

—
-300 700

L N ) e ) o R B ) PLEE R e 3 ) S G R R
-600 -A00 -A00 -300 -200 -100 0 a0 200 200 400

[ms]

Figure 10-20 Example trace: SDI negative without encoder with STOP B

372

Trace evaluation:

Function "SDI negative" is activated (see bits "Deselect SDI negative " and "SDI negative
active")

The drive starts moving (time axis approx. -220 ms)

Exiting the SDI tolerance window is detected (time axis 0 ms)

Safety messages are initiated (time axis 0 ms; bit "internal event" is set to 0)
Error response STOP B is triggered (time axis 0 ms; see bit "SS1 active")
The drive is decelerated to a standstill

Shutdown speed is detected (time axis from approx. 25 ms)

STOP A (as follow-up response to STOP B) is activated (see bit "pulse enable" = 1); at
this point, the speed falls below the shutdown speed SS1 (p9560/p9360) (speed drops
below the shutdown speed SS1 before SS1 timer p9556/p9356 has expired)

Note

Small time differences (of the order of 2 to 3 Safety clock cycles (here up to 7 ms)) are
caused by internal calculations and do not present a problem.
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Acceplance test and acceptance report

10.6

S| parameters

Conclusion of the report

10.6 Conclusion of the report

Were the specified values checked?

Yes

No

Control Unit

Motor Module

Checksums

Basic Functions + Extended Functions

Drive name Drive number Sl reference checksum S| | Sl reference checksum Sl
parameters (Control Unit) | parameters (Motor Module)
p9799 = p9899 =
p9799 = p9899 =
p9799 = p9899 =
p9799 = p9899 =
p9799 = p9899 =
p9799 = p9899 =

only Extended Functions

Drive name

Drive number

Sl reference checksum SI
parameters (Control Unit)

Sl reference checksum Sl
parameters (Motor Module)

p9399[0] = p9729[0] =
p9399[1] = p9729[1] =

p9729[2] =
p9399[0] = p9729[0] =
p9399[1] = p9729[1] =

p9729[2] =
p9399[0] = p9729[0] =
p9399[1] = p9729[1] =

p9729[2] =
p9399[0] = p9729[0] =
p9399[1] = p9729[1] =

p9729[2] =
p9399[0] = p9729[0] =
p9399[1] = p9729[1] =

p9729[2] =
p9399[0] = p9729[0] =
p9399[1] = p9729[1] =

p9729[2] =

TM54F
Reference checksum: p10005[0] = p10005[1] =
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10.6 Conclusion of the report

Safety logbook

Functional "

Checksum for functional tracking of changes r9781[0] =

Checksum for hardware dependent tracking of changes ra781[1] =

Time stamp for functional tracking of changes r9782[0] =

Time stamp for hardware dependent tracking of changes r9782[1] =

1 These parameters can be found in the expert list of the Control Unit.

Data backup

Storage medium Storage location
Type Designation Date
Parameter

PLC program

Circuit diagrams

Countersignatures
Commissioning engineer

This confirms that the tests and checks have been carried out properly.

Date Name Company/dept. Signature

Machine manufacturer

This confirms that the parameters recorded above are correct.

Date Name Company/dept. Signature
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A

Acceptance test
Acceptance report, 286
Authorized person, 286
Complete, 288
Necessity, 286
Partial, 290
Preconditions, 287
SBC, 309
SBC with encoder, 315
SBC without encoder, 358
SDI with encoder with STOP A, 339
SDI with encoder with STOP B, 342
SDI with encoder with STOP C, 345
SDI with encoder with STOP D, 348
SDI with encoder with STOP E, 351
SDI without encoder with STOP A, 367
SDI without encoder with STOP B, 370
SLS with encoder with STOP A, 322
SLS with encoder with STOP B, 324
SLS with encoder with STOP C, 327
SLS with encoder with STOP D, 330
SLS with encoder with STOP E, 333
SLS without encoder with STOP A, 359
SLS without encoder with STOP B, 362
SOS, 319
SS1 (time controlled), 307
SS1 with encoder, time and acceleration
controlled, 313
SS1 without encoder, 356
SS2, 317
SSM with encoder, 337
SSM without encoder, 365
STO, 305
STO with encoder, 311
STO without encoder, 354
Structure, 286

Acknowledgment
Extended, 126

Actual value acquisition, 129

Actual value synchronization, 132
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B

Basic Functions via PROFIsafe and terminals, 210

Bit pattern test, 163

C

Commissioning
Linear axis, 273
Rotary axis, 273
Safety Integrated, 239
TM54F, 245
Communication failure, 214
ESR, 214

D

Debounce time, 163
DOs

Deactivation/activation, 276
DRIVE-CLIiQ rules, 42

E

EDS, 47
Encoder systems, 129
Actual value synchronization, 132
Encoder types, 131
ESR
Communication failure, 214
Extended acknowledgment, 126
Extended Functions
Deactivation/activation of DO, 276

F

F parameters, 265, 272

F_Dest_Add, 272

Fault acknowledgement on TM54F
Safe, 122

F-DI, 143

F-DO, 143

Forced dormant error detection, 79, 136

Function test, 136

375



Index

Functions
Safe Torque Off, 68

H

Hotline, 3
HW Config, 259

Internal armature short-circuit, 71

K
K82, 144, 149, 154

K82, use of option K82 in conjunction with option K90

or K95, 153

K82, use of option K82 without option K90 or K95, 153

K82, wiring, 153
K88, 194

L

Limit exceeded, 122
Linear axis
Commissioning, 273

M

Message buffer, 127

Modular machine concept, 276

Motion monitoring functions
Safe motion monitoring, 40

O

Overview of Safety Integrated functions
Overview, Safety functions, 37

P

PFH value, 47
Probability of failure, 47
Process data, control words

S| STW (PROFIsafe STW), 210, 212

Process data, status words

S| ZSW (PROFIsafe ZSW), 211, 213

PROFIsafe, 143

Activating via the expert list, 273
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Enable, 209

License requirement, 209
PROFIsafe address of the drive

F_Dest_Add, 266
PROFIsafe topology, 258
PROFIsafe version, 265

R

Residual risk, 53

Response times, 48

Rotary axis
Commissioning, 273

S

Safe Acceleration Monitor
SAM, 112
Safe actual value acquisition, 129
Safe Brake Adapter, 75, 200, 205
230V AC, 200
24V DC, 205
X12, 196
X13, 198
X14, 196, 198
X15, 196
Safe Brake Adapter 230 V AC, 200
Dimension drawing, 203
Fast de-energization, 200
Interfaces, 201
Spare fuse, 203
Technical data, 204
X11, 202
X12, 202
X14, 202
X15, 203
Safe Brake Adapter 24 V DC, 205
Dimension drawing, 208
Interfaces, 206
Spare fuse, 207
Technical data, 208
X11, 206
X13, 207
X14, 207
Safe Brake Control
SBC, 74
Safe Brake Ramp
SBR, 114
Safe Direction, 117
With encoder, 117
Safe direction of motion, 117
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Safe Operating Stop
SOS, 95
Safe Speed Monitor
Restart, 110
SSM, 105
with encoder, 106
without encoder, 107
Safe Stop 1
SS1, 72, 87
Time and acceleration controlled, 87
time controlled, 72
Safe Stop 1 with encoder, 87
Safe Stop 2
SS2, 92
Safe Torque Off
STO, 68
Safely-Limited Speed
SLS, 97
Safely-Limited Speed (SLS)
With encoder, 97
without encoder, 99
Safety Info Channel, 140
Safety Integrated, 38
Acknowledging faults, 78
Call in STARTER, 236
Commissioning, 239
Password, 40
Safe Torque Off, 68
Safety Integrated Basic Functions
Forced dormant error detection, 79
Safety faults, 77
Stop responses, 77
Safety Integrated Extended Functions
Forced dormant error detection, 136
Safety faults, 122
Safety Integrated password, 40
Safety logbook, 294
Safety Master
Creating a safety slot, 258
Safety slave, 263
Safety slot, 236
SAM
Safe Acceleration Monitor with encoder, 112
SBA, 75
230V AC, 200
24V DC, 205
SBC
Acceptance test, 309
Safe Brake Control, 74
SBC with encoder
Acceptance test, 315
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SBC without encoder
Acceptance test, 358

SBR
Safe Brake Ramp without encoder, 114

SDI, 117
With encoder, 117
Without encoder, 118

SDI with encoder with STOP A
Acceptance test, 339

SDI with encoder with STOP B
Acceptance test, 342

SDI with encoder with STOP C
Acceptance test, 345

SDI with encoder with STOP D
Acceptance test, 348

SDI with encoder with STOP E
Acceptance test, 351

SDI without encoder with STOP A
Acceptance test, 367

SDI without encoder with STOP B
Acceptance test, 370

Series commissioning with third-party motor, 279

SIC
see Safety Info Channel, 140

Simultaneity, 162

Single-encoder system, 129

SLS
Safely-Limited Speed, 97
Speed limit values, 98

SLS with encoder with STOP A
Acceptance test, 322

SLS with encoder with STOP B
Acceptance test, 324

SLS with encoder with STOP C
Acceptance test, 327

SLS with encoder with STOP D
Acceptance test, 330

SLS with encoder with STOP E
Acceptance test, 333

SLS without encoder with STOP A
Acceptance test, 359

SLS without encoder with STOP B
Acceptance test, 362

SOS
Acceptance test, 319
Safe Operating Stop, 95

SS1
Delay time, 88
Safe Stop 1, 72

SS1 (time controlled)
Acceptance test, 307
Safe Stop 1, 72
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SS1 with encoder, time and acceleration controlled
Acceptance test, 313
SS1 without encoder
Acceptance test, 356
SS2
Acceptance test, 317
Safe Stop 2, 92
SSM
Safe Speed Monitor, 105
SSM with encoder
Acceptance test, 337
SSM without encoder
Acceptance test, 365
STO
Acceptance test, 305
Safe Torque Off, 68
STO with encoder
Acceptance test, 311
STO without encoder
Acceptance test, 354
STOP A, 77,122
STOP B, 122
STOP C, 122
STOP D, 122
STOPE, 122
STOPF, 77, 122
Stop response
Stop A, 77
Stop F, 77
Stop responses, 122
Priorities, 124
Priorities vis-a-vis extended functions, 124
Support, 3

T

Technical Support, 3
Telegram 700, 140
Terminal Module TM54F, 215
Test of shutdown paths, 79
Test stop, 136

Duration, 253

Procedure, 253
Test stop modes, 252
Third-party motor with absolute encoder, 279
TM54F, 143

Commissioning, 245

Interfaces, 221
Tolerance time, 162
Two-channel brake control, 75
Two-encoder system, 130
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X11, 202, 206
X12, 196, 202
X13, 198, 207

X14, 196, 198, 202, 207

X15, 196, 203
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