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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

indicates that minor personal injury can result if proper precautions are not taken.

NOTICE

indicates that property damage can result if proper precautions are not taken.

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 A5E41702836B AL Copyright © Siemens AG 2017 - 2022.
Digital Industries (® 09/2022 Subject to change All rights reserved
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Introduction 1

1.1 About SINAMICS

Description

With the SINAMICS converter series you can solve drive tasks in the low, medium and DC voltage
range. All Siemens drive components, such as converters, motors, and controls, are matched to
each other and can be integrated into your existing automation systems.

You can find more information via the SINAMICS YouTube playlist (https://www.youtube.com/
playlist?list=PLw7ILwXw4H53rtHeTeifKtVMr2aXTYt0X).
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1.2 About this manual

1.2

1.2.1

Description

1.2.2

Description

1.2.3

Description
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About this manual

Content

These operating instructions provide a summary of all of the information required to safely and
reliably operate the converter-motor combination.

The operating instructions enable the target groups being addressed to mount, install, connect,
and commission the converter and motor safely and in the correct manner.

Target group

These operating instructions are intended for persons who perform different tasks in the drive
environment, e.qg. for:

¢ Planning engineers

e Project engineers

* Machine manufacturers

¢ Commissioning engineers
* Electricians

e Installation personnel

* Service technician

¢ Warehouse personnel

Standard scope

This documentation describes the functionality of the standard scope. This scope may differ
from the scope of the functionality of the system that is actually supplied. Please refer to the
ordering documentation only for the functionality of the supplied drive system.

Further functions may be executable in the system, which are not explained in this
documentation. However, there is no entitlement to these functions in the case of a new
delivery or service.
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1.2 About this manual

This documentation does not contain all detailed information on all types of the product.

Furthermore, this documentation cannot take into consideration every conceivable type of
installation, operation and service/maintenance.

The machine manufacturer must document any additions or modifications they make to the
product themselves.

1.2.4 Websites of third-party companies

Description

This document may contain hyperlinks to third-party websites. Siemens is not responsible for
and shall not be liable for these websites and their content. Siemens has no control over the
information which appears on these websites and is not responsible for the content and
information provided there. The user bears the risk for their use.

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
Operating Instructions, 09/2022, A5E41702836B AL 17



Introduction
1.3 SINAMICS documentation

1.3 SINAMICS documentation

Description

Comprehensive documentation on the SINAMICS converter series can be found at Siemens
Industry Online Support (https://support.industry.siemens.com/cs/ww/en/ps/13205/man).

Figure 1-1  The SINAMICS converter family
You can display documents or download them in PDF and HTML5 format.

The SINAMICS documentation is divided into the following categories:

Table 1-1 SINAMICS documentation

Information Documentation Content Target group
class”
General information | Function Manual Description, commissioning, and op- | Configuration engineers, technolo-

tionally the application (programming | gists (of machine manufacturers),
or configuring) of functions thatcan be | commissioning engineers (for systems

used in the system or on a machine or machines), programmers

List Manual Meaning, setting options, and depend- | Configuration engineers, program-
encies of the product or system param- | mers, commissioning engineers
eters

Commissioning Complete and detailed description for | Commissioning engineers

Manual commissioning a product, system, or
plant

Configuration Man- | Rules, guidelines, and tools for config- | Planners, configuration engineers
ual uring products, systems, and plants.
Also contains information on the oper-
ating and ambient conditions for hard-
ware and software, the use of func-
tions, as well as on circuit diagrams
and terminal diagrams and the instal-
lation of software insofar as this is nec-
essary for commissioning.
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1.3 SINAMICS documentation

Information

Documentation
class?

Content

Target group

Device information

Equipment Manual

Compact description of module-specif-
icinformation, such as properties, con-
nection diagrams, characteristics, tech-
nical specifications

Planners, installation personnel, con-
figuration engineers

Installation Instruc-
tions

All relevant information on setting up,
installing and cabling, as well as the
required dimensional drawings and cir-
cuit diagrams

Installation personnel, commissioning
engineers, service and maintenance
personnel

Basic information

Operating instruc-
tions

Comprehensive collection of all infor-
mation necessary for the safe opera-
tion of products, plant units, and com-
plete plants (IEC/IEEE 82079-1)

Machine operators, plant operators

System Manual

Configuring, installation, wiring and
commissioning

Configuration engineers, installation
personnel, commissioning engineers

Compact instruc-
tions

Essential contents of the operating in-
structions in reduced and compressed
form

Machine operators, plant operators

Product Information

Information that only becomes known
shortly before or even after start of de-
livery and is therefore not included in
the associated user documentation

Planners, configuration engineers,
technologists, installation personnel,
constructors; commissioning engi-
neers, machine operators, program-
mers, service and maintenance per-
sonnel

Online help

Instructions for configuring, program-
ming, and commissioning

Configuration engineers, program-
mers, commissioning engineers

" Not all documentation classes are available for every SINAMICS product.
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1.4 Service and Support

1.4 Service and Support
1.4.1 Siemens Industry Online Support on the Web
Description

The following is available via Siemens Industry Online Support (https://
support.industry.siemens.com/cs/ww/en/), among others:

* Product support

* Global forum for information and best practice sharing between users and specialists
* Local contact persons via the contact person database (= Contact)

* Information about field services, repairs, spare parts, and much more (= Services)
* Search for product info

* Important topics at a glance

* FAQs (frequently asked questions)

* Application examples

* Manuals

* Downloads

e Compatibility tool

* Newsletters with information about your products

» (Catalogs/brochures

1.4.2 Siemens Industry Online Support on the road

Description

Figure 1-2  "Siemens Industry Online Support" app
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1.4 Service and Support

The "Industry Online Support" app supports you in the following areas, for example:
* Resolving problems when executing a project

¢ Troubleshooting when faults develop

¢ Expanding a system or planning a new system

Furthermore, you have access to the Technical Forum and other articles that our experts have
drawn up:

¢ FAQs

¢ Application examples

¢ Manuals

¢ Certificates

¢ Product announcements and much more

There is a Data Matrix code on the nameplate of your product. You can obtain technical
information about the device if you scan the code using the "Industry Online Support" app
(https://support.industry.siemens.com/cs/ww/en/sc/2067).

The app is available for Apple iOS and Android.

1.4.3 Feedback on the technical documentation

Description

We welcome your questions, suggestions, and corrections for this technical documentation.
Please use the "Provide feedback" link at the end of the entries in Siemens Industry Online
Support.

Figure 1-3  Requests and feedback
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1.4 Service and Support

1.4.4

Description

1.4.5

Description
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mySupport documentation

With the "mySupport documentation” web-based system, you can compile your own individual
documentation based on Siemens content and adapt this for your own machine documentation.

To start the application, click the "My Documentation” tile on the mySupport homepage (https://
support.industry.siemens.com/cs/ww/en/my):

Figure 1-4  mySupport
The configured manual can be exported in RTF, PDF or XML format.

Siemens content that supports the mySupport documentation can be identified by the
"Configure" link.

Technical support

Your routes to technical support (https://support.industry.siemens.com/cs/ww/en/sc/4868):

* Support Request (https://www.siemens.com/SupportRequest)

e Contact person database (https://www.automation.siemens.com/aspa_app)

* "Industry Online Support" mobile app

The Support Requestis the mostimportantinput channel for questions relating to products from
Siemens Industry. This will assign your request a unique ticket number for tracking purposes.
The Support Request offers you:

* Direct access to technical experts
* Recommended solutions for various questions (e.g. FAQs)

* Status tracking of your requests
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1.4 Service and Support

Technical support also assists you in some cases via remote support (https://
support.industry.siemens.com/cs/de/en/view/106665159) to resolve your requests. A Support
representative will assist you in diagnosing or resolving the problem through screen transfer.

More information on the Support service packages is available on the Internet via the following
address (https://support.industry.siemens.com/cs/ww/en/sc/4869).

1.4.6 Training

Description

SITRAIN — Digital Industry Academy offers a comprehensive range of training courses on
Siemensindustrial products —directly from the manufacturer, for allindustries and use cases, for
all knowledge levels from beginner to expert.

More information can be found on the Internet via the following address (https://
www.siemens.com/sitrain).

1.4.7 Spare parts services

Description

By using the online spare parts service "Spares on Web", you ensure the smooth operation of
your product. The spare parts service is aimed at the following:

* Improved spare parts inventories by balancing stock and spare parts on call
¢ Minimized downtimes during a plant standstill
* Reduced costs

More information can be found on the Internet via the following address (https://
WWW.SOW.Siemens.com).
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1.5 Important product information

1.5

1.5.1

Important product information

Intended use

The products described in this manual, together with software, accessories and options, forman
electric drive system to supply low-voltage AC motors. The products are professional devices
designed for stationary use indoors.

Depending on the length of the motor cable and the use of an external line filter, EMC Categories
C2 or C3 can be achieved.

Intended use c2 c3
(according to IEC (according to IEC
61800-3) 61800-3)

Supply from public low-voltage grids No No

Supply from private low-voltage grids Yes Yes

Industrial applications Yes Yes

Light industrial and commercial applications No No

Use in residential areas No No

24

The products must be correctly transported and stored. They must be installed, commissioned
and maintained by trained professionals who have sufficient knowledge to implement the safety
and EMC measures according to the specifications described in this manual and state-of-the-art
technology.

You may only use the products in compliance with the following requirements:

¢ All requlations and directives that are applicable at the place of final use, especially with
regard to electrical safety, functional safety and electromagnetic compatibility.

¢ Allinstructions, notes, technical data and safety instructions that are included in this
document and other supporting documentation.

The products are used as part of a system or machine. They must guarantee the safety of persons
and material assets as well as electromagnetic compatibility by applying suitable system-related
measures.

They must perform a risk assessment of the complete application, including third-party
products, and must make adequate safety measures before they deploy the product.

Products in an open version (IPO0 / IP20) are intended for installation in control panels or control
cabinets, which provide the required level of protection.

The motor is only approved for converter operation.

Any other use of the product is considered to be not as intended.
If you have any questions regarding the intended usage, please contact your local Siemens
office.
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1.5 Important product information

Any application that is not expressly permitted is excluded from any warranty, and can result in
unpredictable hazards.

/\ WARNING

Non-intended use

If you do not use the motors for their intended use, there is a risk of death, severe injury and/or
material damage.

e Only use the motors for their intended purpose.

¢ Do not use the motors in hazardous areas (where there is a risk of explosion), if the motors
have not been expressly released and authorized for these types of applications. Carefully
observe any special supplementary notes that may be attached.

* Make sure that the conditions at the location of use comply with all the rating plate data.

¢ Make sure that the conditions at the location of use comply with the conditions specified in
this documentation. When necessary, take into account deviations regarding approvals or
country-specific regulations.

Note

The compliance with EMC emission limit values cannot be guaranteed if the products are
connected to an isolated distribution supply grounded through a high ohmic connection or a
distributed supply with grounded line conductor (corner-grounded supply).

¢ Draw-up an EMC plan to comply with the EMC requirements of the intended application.

1.5.2 Open source software components

The license conditions and copyright information of the Open Source Software components
used by the device are saved on the device itself. These can be downloaded to the PG/PC using
the integrated web server.

Additional information on this is provided in Chapter Calling up supportinformation (Page 211)".
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Compliance with the General Data Protection Regulation

Siemens complies with the principles of the General Data Protection Regulation (EU), in

particular the principle of data minimization (privacy by design). For this SINAMICS product, this
means:

* User management and access control (UMAC)
The product processes or stores the following personal data:

— Login data for user management and access control:
User name, group, password, role, rights.

The data for user management and access control are stored in the converter and optionally
on a memory card.

e Support data (optional)
For optimal support in service cases, the end user or machine manufacturer (OEM) can
optionally store contact data (header, email address, telephone number, homepage) in the
converter.
If this data is created, the author must give thought to data protection consent for this
optional data. Siemens takes no responsibility for this data.
This support contact data can be read and is freely accessible in, for example, the user
interface as well as in the diagnostics report. This data is not encrypted!

This data is used for user management and access control (UMAC) and for the support function.
The storage of this data is appropriate and limited to what is necessary, as it is essential to
identify the authorized operators and service contact.

The personal data is also available as part of the backup system to ensure fast recovery of use
cases.

The above-mentioned personal data cannot be stored anonymously or pseudonymized, as they
serve the purpose of identifying the operating personnel. The anonymization or
pseudonymization, e.g. of the login data, must be performed using suitable login names and
contact data by the plant/machine operator.

Our product does not provide any functions for automatically deleting personal data. Individual
UMAC data can be deleted manually by authorized personnel as soon as this is deemed
recommended/required.
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General safety instructions

/\ WARNING

Electric shock and danger to life due to other energy sources

Touching live components can result in death or severe injury.
* Only work on electrical devices when you are qualified for this job.
¢ Always observe the country-specific safety rules.

Generally, the following steps apply when establishing safety:
1. Prepare for disconnection. Notify all those who will be affected by the procedure.

2. Isolate the drive system from the power supply and take measures to prevent it being
switched back on again.

3. Wait until the discharge time specified on the warning labels has elapsed.

4. Check that there is no voltage between any of the power connections, and between any of
the power connections and the protective conductor connection.

5. Check whether the existing auxiliary supply circuits are de-energized.
6. Ensure that the motors cannot move.

7. ldentify all other dangerous energy sources, e.g. compressed air, hydraulic systems, or
water. Switch the energy sources to a safe state.

8. Check that the correct drive system is completely locked.

After you have completed the work, restore the operational readiness in the inverse sequence.

/\ WARNING

Risk of electric shock and fire from supply networks with an excessively high impedance

Excessively low short-circuit currents can lead to the protective devices not tripping or tripping
too late, and thus causing electric shock or a fire.

* Inthe case of a conductor-conductor or conductor-ground short-circuit, ensure that the
short-circuit current at the point where the converter is connected to the line supply at least
meets the minimum requirements for the response of the protective device used.

* You must use an additional residual-current device (RCD) if a conductor-ground short circuit
does not reach the short-circuit current required for the protective device to respond. The
required short-circuit current can be too low, especially for TT supply systems.

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
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/\ WARNING

Risk of electric shock and fire from supply networks with an excessively low impedance

Excessively high short-circuit currents can lead to the protective devices not being able to

interrupt these short-circuit currents and being destroyed, and thus causing electric shock or a

fire.

¢ Ensure that the prospective short-circuit current at the line terminal of the converter does
not exceed the breaking capacity (SCCR or Icc) of the protective device used.

/\ WARNING

Electric shock if there is no ground connection

For missing or incorrectly implemented protective conductor connection for devices with
protection class |, high voltages can be present at open, exposed parts, which when touched,
can result in death or severe injury.

¢ Ground the device in compliance with the applicable regulations.

/\ WARNING

Electric shock due to connection to an unsuitable power supply

When equipment is connected to an unsuitable power supply, exposed components may carry
a hazardous voltage. Contact with hazardous voltage can result in severe injury or death.

¢ Only use power supplies that provide SELV (Safety Extra Low Voltage) or PELV- (Protective
Extra Low Voltage) output voltages for all connections and terminals of the electronics
modules.

/\ WARNING

Electric shock due to damaged motors or devices
Improper handling of motors or devices can damage them.

Hazardous voltages can be present at the enclosure or at exposed components on damaged
motors or devices.

¢ Ensure compliance with the limit values specified in the technical data during transport,
storage and operation.

¢ Do not use any damaged motors or devices.
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/\ WARNING

Electric shock due to unconnected cable shields

Hazardous touch voltages can occur through capacitive cross-coupling due to unconnected
cable shields.

¢ As a minimum, connect cable shields and the cores of cables that are not used at one end
at the grounded housing potential.

/\ WARNING

Arcing when a plug connection is opened during operation

Opening a plug connection when a system is operation can result in arcing that may cause
serious injury or death.

¢ Only open plug connections when the equipment is in a voltage-free state, unless it has
been explicitly stated that they can be opened in operation.

/\ WARNING

Electric shock due to residual charges in power components

Because of the capacitors, a hazardous voltage is present for up to 5 minutes after the power
supply has been switched off. Contact with live parts can result in death or serious injury.

¢ Wait for 5 minutes before you check that the unit really is in a no-voltage condition and start
work.

NOTICE

Damage to equipment due to unsuitable tightening tools.

Unsuitable tightening tools or fastening methods can damage the screws of the equipment.
* Only use screw inserts that exactly match the screw head.
¢ Tighten the screws with the torque specified in the technical documentation.

e Useatorque wrench oramechanical precision nut runner with a dynamic torque sensor and
speed limitation system.

e Adjust the tools used regularly.
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/\ WARNING

Spread of fire from built-in devices
Built-in devices can cause a fire and a pressure wave in the event of a fault. Fire and smoke can
escape from the control cabinet and cause serious personal injury and property damage.

e Install built-in appliances in a robust metal control cabinet that is suitable for protecting
people from fire and smoke.

¢ Only operate built-in devices with the control cabinet doors closed.
e Ensure that smoke can only escape via controlled and monitored paths.

/\ WARNING

Active implant malfunctions due to electromagnetic fields

Converters generate electromagnetic fields (EMF) in operation. Electromagnetic fields may
interfere with active implants, e.g. pacemakers. People with active implants in the immediate
vicinity of an converter are at risk.

¢ Asthe operator of an EMF-emitting installation, assess the individual risks of persons with
active implants.

¢ Observe the data on EMF emission provided in the product documentation.

/\ WARNING

Active implant malfunctions due to permanent-magnet fields
Even when switched off, electric motors with permanent magnets represent a potential risk for
persons with heart pacemakers or implants if they are close to converters/motors.

e If you have a heart pacemaker or implant, maintain the minimum distance specified in the
Chapter "Technical data".

¢ When transporting or storing permanent-magnet motors always use the original packing
materials with the warning labels attached.

¢ Clearly mark the storage locations with the appropriate warning labels.
* |ATA regulations must be observed when transported by air.
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/\ CAUTION

Symptomatic respiratory and skin reaction to chemicals

A newly purchased product might contain traces of substances that are identified as sensitizers.

Sensitizers are substances which can cause sensitization in the lungs and skin after exposure
to them.

Once sensitized, individuals can have severe reactions to further exposure, even in small
amounts. In the most extreme cases, individuals might develop asthma or dermatitis
respectively.

e |f the product has a strong smell, keep it in a well-ventilated area for 14 days.

/\ WARNING

Unexpected machine movement caused by radio devices or mobile phones

Using radio devices, cellphones, or mobile WLAN devices in the immediate vicinity of the
components can result in equipment malfunction. Malfunctions may impair the functional
safety of machines and can therefore put people in danger or lead to property damage.

* Therefore, if you move closer than 20 cm to the components, be sure to switch off radio
devices, cellphones or WLAN devices.

e Use the "SIEMENS Industry Online Support app" only on equipment that has already been
switched off.

NOTICE

Damage to motor insulation due to excessive voltages

When operated on systems with grounded line conductors or in the event of a ground fault in
the IT system, the motor insulation can be damaged by the higher voltage against ground. If
you use motors that have insulation that is not designed for operation with grounded line
conductors, you must perform the following measures:

e |T system: Use a ground fault monitor and eliminate the fault as quickly as possible.

e TN or TT systems with grounded line conductor: Use an isolating transformer on the line
side.

/\ WARNING

Fire due to inadequate ventilation clearances

Inadequate ventilation clearances can cause overheating of components with subsequent fire
and smoke. This can cause severe injury or even death. This can also result in increased
downtime and reduced service lives for devices/systems.

e Ensure compliance with the specified minimum clearance as ventilation clearance for the
respective component.
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NOTICE

Overheating due to inadmissible mounting position

The device may overheat and therefore be damaged if mounted in an inadmissible position.
¢ Only operate the device in admissible mounting positions.

/\ WARNING

Unrecognized dangers due to missing or illegible warning labels

Dangers might not be recognized if warning labels are missing or illegible. Unrecognized
dangers may cause accidents resulting in serious injury or death.

¢ Check that the warning labels are complete based on the documentation.

¢ Attach any missing warning labels to the components, where necessary in the national
language.

¢ Replace illegible warning labels.

NOTICE

Device damage caused by incorrect voltage/insulation tests

Incorrect voltagel/insulation tests can damage the device.

» Before carrying out a voltagelinsulation check of the system/machine, disconnect the
devices as all converters and motors have been subject to a high voltage test by the
manufacturer, and therefore it is not necessary to perform an additional test within the
system/machine.

/\ WARNING

Unexpected movement of machines caused by inactive safety functions

Inactive or non-adapted safety functions can trigger unexpected machine movements that
may result in serious injury or death.

¢ Observe the information in the appropriate product documentation before commissioning.

e Carry out a safety inspection for functions relevant to safety on the entire system, including
all safety-related components.

e Ensure that the safety functions used in your drives and automation tasks are adjusted and
activated through appropriate parameterizing.

¢ Perform a function test.

¢ Only put your plant into live operation once you have guaranteed that the functions
relevant to safety are running correctly.
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Note
Important Safety instructions for Safety Integrated

If you want to use Safety Integrated functions, you must observe the Safety instructions in the
Safety Integrated documentation.

/\ WARNING

Malfunctions of the machine as a result of incorrect or changed parameter settings

As a result of incorrect or changed parameterization, machines can malfunction, which in turn
can lead to injuries or death.

* Protect the parameterization against unauthorized access.

¢ Handle possible malfunctions by taking suitable measures, e.g. emergency stop or
emergency off.

/\ WARNING

Injury caused by moving or ejected parts

Contact with moving motor parts or drive output elements and the ejection of loose motor
parts (e.g. feather keys) out of the motor enclosure can result in severe injury or death.

¢ Remove any loose parts or secure them so that they cannot be flung out.
* Do not touch any moving parts.
e Safeguard all moving parts using the appropriate safety guards.

/\ WARNING

Fire due to inadequate cooling

Inadequate cooling can cause the motor to overheat, resulting in smoke and fire. Possible
consequences can be serious injury or death. This can also result in increased failures and
reduced service lives of motors.

e Comply with the specified cooling requirements for the motor.

/\ WARNING

Fire due to incorrect operation of the motor

When incorrectly operated and in the case of a fault, the motor can overheat resulting in fire
and smoke. This can result in severe injury or death. Further, excessively high temperatures

destroy motor components and result in increased failures as well as shorter service lives of

motors.

¢ Operate the motor according to the relevant specifications.
¢ Only operate the motors in conjunction with effective temperature monitoring.
* Immediately switch off the motor if excessively high temperatures occur.
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/\ CAUTION

Burns and thermal damage caused by hot surfaces

Temperatures above 100 °C may occur on the surfaces of motors, converters, and other drive
components.

Touching hot surfaces may result in burns. Hot surfaces may damage or destroy temperature
sensitive parts.

¢ Ensure that temperature-sensitive parts do not come into contact with hot surfaces.

¢ Mount drive components so that they are not accessible during operation.

Measures when maintenance is required:

¢ Allow drive components to cool off before starting any work.

¢ Use appropriate personnel protection equipment, e.g. gloves.
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2.2 Equipment damage due to electric fields or electrostatic discharge

Electrostatic sensitive devices (ESD) are individual components, integrated circuits, modules or
devices that may be damaged by either electric fields or electrostatic discharge.

NOTICE

Equipment damage due to electric fields or electrostatic discharge
Electric fields or electrostatic discharge can cause malfunctions through damaged individual
components, integrated circuits, modules or devices.

* Only pack, store, transport and send electronic components, modules or devices in their
original packaging or in other suitable materials, e.g conductive foam rubber of aluminum
foil.

¢ Only touch components, modules and devices when you are grounded by one of the
following methods:

— Wearing an ESD wrist strap
— Wearing ESD shoes or ESD grounding straps in ESD areas with conductive flooring

* Only place electronic components, modules or devices on conductive surfaces (table with
ESD surface, conductive ESD foam, ESD packaging, ESD transport container).
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2.3 Warranty and liability for application examples

Application examples are not binding and do not claim to be complete regarding configuration,
equipment or any eventuality which may arise. Application examples do not represent specific
customer solutions, but are only intended to provide support for typical tasks.

As the user you yourself are responsible for ensuring that the products described are operated
correctly. Application examples do not relieve you of your responsibility for safe handling when
using, installing, operating and maintaining the equipment.
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2.4 Security information

Siemens provides products and solutions with industrial security functions that support the
secure operation of plants, systems, machines and networks.

In order to protect plants, systems, machines and networks against cyber threats, it is necessary
to implement — and continuously maintain — a holistic, state-of-the-art industrial security
concept. Siemens’ products and solutions constitute one element of such a concept.

Customers are responsible for preventing unauthorized access to their plants, systems,

machines and networks. Such systems, machines and components should only be connected to
anenterprise network or the internet if and to the extent such a connection is necessary and only
when appropriate security measures (e.g. firewalls and/or network segmentation) are in place.

For additional information on industrial security measures that may be implemented, please
visit
https:/lwww.siemens.com/industrialsecurity (https://www.siemens.com/industrialsecurity).

Siemens’ products and solutions undergo continuous development to make them more secure.
Siemens strongly recommends that product updates are applied as soon as they are available
and that the latest product versions are used. Use of product versions that are no longer

supported, and failure to apply the latest updates may increase customer’s exposure to cyber
threats.

To stay informed about product updates, subscribe to the Siemens Industrial Security RSS Feed
under

https:/lwww.siemens.com/cert (https://[www.siemens.com/cert).

Further information is provided on the Internet:

Industrial Security Configuration Manual (https://support.industry.siemens.com/cs/ww/en/
view/108862708)

/\ WARNING

Unsafe operating states resulting from software manipulation

Software manipulations, e.g. viruses, Trojans, or worms, can cause unsafe operating states in
your system that may lead to death, serious injury, and property damage.

¢ Keep the software up to date.

¢ Incorporate the automation and drive components into a holistic, state-of-the-art industrial
security concept for the installation or machine.

¢ Make sure thatyou include all installed products into the holistic industrial security concept.

¢ Protectfiles stored on exchangeable storage media from malicious software by with suitable
protection measures, e.g. virus scanners.

* On completion of commissioning, check all security-related settings.
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Residual risks of power drive systems

When assessing the machine- or system-related risk in accordance with the respective local
regulations (e.g., EC Machinery Directive), the machine manufacturer or system installer must
take into account the following residual risks emanating from the control and drive components
of a drive system:

1.

Unintentional movements of driven machine or system components during commissioning,
operation, maintenance, and repairs caused by, for example,

— Hardware and/or software errors in the sensors, control system, actuators, and cables and
connections

— Response times of the control system and of the drive

— Operation and/or environmental conditions outside the specification

— Condensation/conductive contamination

— Parameterization, programming, cabling, and installation errors

— Use of wireless devices/mobile phones in the immediate vicinity of electronic components
— External influences/damage

— X-ray, ionizing radiation and cosmic radiation

Unusually high temperatures, including open flames, as well as emissions of light, noise,
particles, gases, etc., can occur inside and outside the components under fault conditions
caused by, for example:

— Component failure

Software errors

Operation and/or environmental conditions outside the specification

External influences/damage

Hazardous shock voltages caused by, for example:

— Component failure

— Influence during electrostatic charging

— Induction of voltages in moving motors

— Operation and/or environmental conditions outside the specification
— Condensation/conductive contamination

— External influences/damage

Electrical, magnetic and electromagnetic fields generated in operation that can pose a risk to
people with a pacemaker, implants or metal replacement joints, etc., if they are too close

Release of environmental pollutants or emissions as a result of improper operation of the
system and/or failure to dispose of components safely and correctly

Influence of network-connected communication systems, e.g. ripple-control transmitters or
data communication via the network

For more information about the residual risks of the drive system components, see the relevant
sections in the technical user documentation.
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3.1 System overview

The drive system comprises the following system components tailored to one another:
¢ SINAMICS S210 converter

* SIMOTICS S-1FK2 or S-1FT2 motor

¢ OCC MOTION-CONNECT cable (OCC = "One Cable Connection")

SIMOTICS S-1FK2 and SIMOTICS S-1FT2 servomotors with mounted planetary gearbox are
optionally available. More information is provided in the relevant Configuration Manual.

The converter and the motor are intended for use with a higher-level controller (PLC).
Connection to the controller is via PROFINET:

Prefabricated MOTION-CONNECT cables in various lengths are available to simply connect the
motor to the converter and to ensure safe and reliable operation.

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
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Figure 3-2  System components and accessories for converters with 1 AC line connection
@ Fuse or circuit breaker @ OCC connection cable for motor, motor
holding brake and encoder
@ Line contactor (optional) Shield clamp
@ Line filter (optional) @ Shield plate
(@ External braking resistor (optional) @ 24V power supply
(® Shaft sealing ring for IP65 (optional) (1 SD memory card (optional)
@ 1FK2 or 1FT2 servomotor Commissioning device
@ OCC extension cable (optional) @ Controller, e.g. SIMATIC S7-1500

Mounting flange for control cabinet bush- PROFINET/PROFIsafe to the next participant
ing (optional)
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Figure 3-3  System components and accessories for converters with 3 AC line connection
@ Same as in the previous figure

@ X1: Connector for AC coupling (optional)
X3: Connector for DC link coupling (optional)
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3.2 The scope of supply for the system components

You must order the following components individually.

Motor
Included in the scope of supply:
e A '"Safety instructions" sheet
¢ A sheet referencing links to product information
¢ Asecond rating plate
Converter

The components listed below are included in the scope of delivery:

For all converters

¢ A"Safety instructions" sheet

e The Quick Installation Guide (English)

* A warning label for affixing in the control cabinet
* X2: Connector for motor connection

e X107: Connector for motor holding brake

e X124: Connector for 24 V DC supply voltage

¢ X130: Connector for digital inputs

For converters with 1 AC line connection

e Shield plate

e X1: Connector for line connection and external braking resistor (jumper for internal braking
resistor is included)

For converters with 3 AC line connection

¢ The shield plate for FSA
For FSB and FSC, the shield connection is integrated in the converter itself.

¢ X1: Connector for line connection

e X4: Connector for external braking resistor (jumper for internal braking resistor is included)

Note

All connectors are designed so that they cannot be inadvertently interchanged.
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MOTION-CONNECT cable (OCC cable)
The scope of supply for the prefabricated MOTION-CONNECT cables includes:

¢ The MOTION-CONNECT cable with assembled connectors for connecting to motors and
encoders

¢ Ashield clamp for the connection of the shield to the shield plate of the converter
* A safety data sheet

Details of the MOTION-CONNECT OCC cables can be found in section "Ordering data of the
connection system (Page 585)".

Optional accessories

The optional accessories are listed in the section "Accessories (Page 553)".
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3.3 Motor

The SIMOTICS S-1FK2 and SIMOTICS S-1FT2 motors, called "1FK2" or "1FT2" in the following, are
permanent-magnet excited compact synchronous motors with an integrated encoder and a
high degree of protection.

Both motors meet the requirements of standards EN 60034 and EN 60204-1 and comply with
Low-Voltage Directive 2014/35/EU.

In this document, "1FCI2" represents the validity for both TFK2 and 1FT2.

Dynamic versions

Torque range

e 1FO21 "High Dynamic" with low moment of inertia for a maximum acceleration capability in
applications involving low load moments of inertia

e 1FO22 "Compact" with medium moment of inertia and precise positioning and synchronous
operation characteristics for applications with a high and variable load moment of inertia

e 0.16Nm...3.6 Nmfora 1 AC 230V line supply
¢ 0.16 Nm ... 40 Nm for a 3 AC 240 V line supply
¢ 0.64Nm ... 40 Nm for a 3 AC400 V line supply

Degree of protection

Cooling

Bearing version

* IP64
¢ |P65 with radial shaft sealing ring for 1FK2
e |P65 and IP67 with radial shaft sealing ring for 1FT2, with the exception of frame size 20.

You can find more information on the degree of protection in Chapter "Degree of protection
(Page 363)".

The 1FO2 is a non-ventilated motor.

The motor thermal losses are dissipated by thermal conduction, thermal radiation and natural
convection.

If the ambient temperature exceeds 40 °C (104 °F) or the installation altitude 1000 meters above
sea level, you must reduce torque and power of the motor (derating).

Information on derating can be found in the chapter "Derating factors (Page 360)".

Observe the instructions for mounting the motor in the chapter "Cooling (Page 359)".

The motors have deep groove ball bearings with life-long lubrication.
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The average bearing service life is designed for 25000 operating hours.

The motors have spring-loaded bearings in the NDE direction. For version with holding brake,
the NDE bearing is a locating bearing.

The permissible axial and radial forces can be found in the technical specifications in the chapter
"Axial and radial forces (Page 367)".

e Cylindrical shaft without feather key
e (Cylindrical shaft with feather key (half-key balancing)

You can find more information in Chapter "Shaft extension (Page 365)".

The encoder resolution is 22 bit per revolution (single-turn). An optional multiturn encoder is
available thatis equipped with an additional 12-bit revolution counter (traversing range of 4096
revolutions).

The encoder designations are as follows:

e AS22DQC: Absolute encoder single-turn, 22 bit

e AMZ22DQC: Absolute encoder, 22 bit + 12 bit multiturn

e AS26DQC: Absolute encoder, singleturn, 26 bit (only for 1FT2)

e AM26DQC: Absolute encoder 26 bit + 12 bit multiturn (only for 1FT2)

You can find more information in Chapter "Available encoders (Page 373)".

The 1FO2 servomotor is available with integrated holding brake.

The holding brake closes in the current-free state and locks the motor shaft at a standstill. When
current flows, the holding brake opens and releases the motor shaft.

SINAMICS S210 controls the holding brake without any additional devices.

The holding brake is not a working brake for braking the rotating motor. Limited EMERGENCY
STOP operation is permissible.

The brake data can be found in the chapter "Brake data (Page 374)".

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
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Rating plate

3.3 Motor

The rating plate contains the article number and the technical data of the motor.

©O) ®

-~

SIEMENS )

SIMOTICS 1P 1FK2206-2AF10-1MB(

3~Mot. S YFK9662315701 003 @
= Z:

ol

— M, 6 Nm

lb45A | n_ 6000 r/min

@

q3

My 54Nm |1 4,15A | n 3000 r/min

®

L [U,260V

Th.Cl.155 (F)
EN6003 —

m: 8kg IP 64, 1C410

Q

 Encoder AM22DQC [GJ2 @
— Brake 24 VDC[17W 13Nm

Hi-

RN 000

o

KSiemens AG, DE-97616¢ Bad NeUstadt| Magle in Germap

Figure 3-4

sb00 @

Rating plate 1FK2 for S210 (example illustration)

Position Description / technical specifications Position Description / technical specifications

1
2
3

10

11

Article number
ID No., serial number

Order codes as a supplement to the
article number.

Static torque M,

Rated torque My
Induced voltage at rated speed U,

Motor weight m
Marking of encoder type

Data of the holding brake
Manufacturer's address

Stall current |,

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
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12
13
14

15

16
17

18
19

20
21

22

Degree of protection
Rated current I

Cooling method according to
EN 60034-6

Temperature class of the insulation
system

Revision

Type of balancing (only for motors
with feather key)

Rated speed ny

Maximum permissible speed of the
MOtOor Np.y

Certifications

Standard for all rotating electrical ma-
chines

Data matrix code
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3.4 Motor-converter combinations for 1TFK2

3.4 Motor-converter combinations for 1FK2

3.4.1 Motor-converter combinations for 1 AC 200 ... 240V

Converter with line connection 1 AC200V ... 240V

The following table lists recommended combinations of converters connected to a 1 AC
200V ... 240V line supply and motors with the associated connecting cables.

Motor Converter OCC cable
Article number Torque Rated power P,/ kW | Article number | Connector size | Article number
(positions 1.... 10 of the M,/ Nm 6SL3210-5HB10-... 6FX . 002-8Q..
article number)
High Dynamic
1FK2102-0AG 0.16 0.1 ...TUFO M12 ...NO4-...
1FK2102-1AG 0.32
1FK2103-2AG 0.64 0.2 ...2UF0
1FK2103-4AG 1.27 0.4 ...4UF0
1FK2104-4AF 0.2 ...2UF0 M17 ...NO8-...
TFK2104-4AK 0.4 ...4UF0
1FK2104-5AF 2.4
T1FK2104-5AK 0.75 ...8UFO
1FK2104-6AF 3.2
Compact
1FK2203-2AG 0.64 0.2 ...2UF0 M12 ...NO4-...
1FK2203-4AG 1.27 0.4 ...4UF0
1FK2204-5AF 2.4 M17 ...N08-...
TFK2204-5AK 0.75 ...8UFO
1FK2204-6AF 3.2
1FK2205-2AF 3.6

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
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3.4.2

Converter with line connection 3 AC200V ... 240V

3.4 Motor-converter combinations for 1FK2

Motor-converter combinations for 3 AC 200 ... 240V

The following table lists recommended combinations of converters connected to a 3 AC

200V ... 240V line supply and motors with the associated connecting cables.

Motor Converter OCC cable
Article number Torque Rated power Article number | Connector size | Article number
(positions 1...10of the |  M,/Nm Pyl kW 6SL3210-5HE... 6FX . 002-8Q..
article number)
High Dynamic

1FK2102-0AG 0.16 0.4 ...10-4U... M12 ...NO4...
1FK2102-1AG 0.32
1FK2103-2AG 0.64 0.75 ...10-8U...
1FK2103-4AG 1.27 1.0 ...11-0U...
1FK2104-4AF 0.4 ...10-4U... M17 ...NO8...
1FK2104-4AK 1.0 ...11-0U...
1FK2104-5AF 2.4 0.75 ...10-8U...
1FK2104-5AK 1.5 ..11-5U...
TFK2104-6AF 3.2 1.0 ...11-0U...
TFK2105-4AF 5 1.5 ..11-5U...
1FK2105-6AF 8 2.0 ...12-0U...
1FK2106-3AF 9 5.0 ...15-0U... M23 NT1..
TFK2106-4AF 12
1FK2106-6AF 16 7.0 ...17-0U...

Compact
1FK2203-2AG 0.64 0.75 ...10-8U... M12 ...NO4...
1FK2203-4AG 1.27 1.0 ...11-0U...
1FK2204-5AF 2.4 0.75 ...10-8U... M17 ...NO8...
1FK2204-5AK 1.5 ..11-5U...
1FK2204-6AF 3.2 1.0 ...11-0U...
1FK2205-2AF 3.6
1FK2205-4AF 6 1.5 ..11-5U...
1FK2206-2AF 6.5 M23 NT1..
1FK2206-4AF 12 3.5 ...13-5U...
1FK2208-3AC 18
1FK2208-4AC 22 5.0 ...15-0U...
TFK2208-5AC 27 7.0 ...17-0U...
1FK2210-3AB 30 3.5 ...13-5U...
1FK2210-3AC 7.0 ...17-0U...
1FK2210-4AB 40 5.0 ...15-0U...
TFK2210-4AC 7.0 ...17-0U...

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
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3.4 Motor-converter combinations for TFK2

3.4.3

Converter with line connection 3 AC380V...480V

Motor-converter combinations for 3 AC 380 ... 480 V

The following table lists recommended combinations of converters connected to a 3 AC
380V ... 480V line supply and motors with the associated connecting cables.

Motor Converter OCC cable
Article number Torque M,/ Nm | Rated power P/ kW Article number Connector Article number

(positions 1 ... 10 of 6SL3210-5HE... size 6FX . 002-8Q.
the article number)
High Dynamic

1FK2103-2AH 0.64 0.4 ...10-4UF0O M17 NOS8-...

1FK2103-4AH 1.27 0.75 ...10-8UFO

1FK2104-4AF 1.27 0.4 ...10-4UF0O

1FK2104-4AK 1.27 1 ...11-0UFO

1FK2104-5AF 2.4 0.75 ...10-8UFO

TFK2104-5AK 2.4 1.5 ...11-5UF0

1FK2104-6AF 3.2 1.0 ...11-0UFO

1FK2105-4AF 5 1.5 ...11-5UF0

TFK2105-6AF 8 2.0 ...12-0UFO

TFK2106-3AF 9 5.0 ...15-0UF0 M23 N11-..

1FK2106-4AF 12

TFK2106-6AF 16 7.0 ...17-0UFO
Compact

TFK2203-2AK 0.64 0.4 ...10-4UFO M17 NO8-...

1FK2203-4AK 1.27 0.75 ....10-8UFO

T1FK2204-5AF 2.4 0.75 ...10-8UFO

TFK2204-5AK 1.5 ...11-5UF0

1FK2204-6AF 3.2 1.0 ...11-0UFO

1FK2205-2AF 3.6

TFK2205-4AF 6 1.5 ...11-5UF0

T1FK2206-2AF 6.5 M23 N11-...

1FK2206-4AF 12 3.5 ...13-5UF0

1FK2208-3AC 18

TFK2208-4AC 22 5.0 ...15-0UFO

TFK2208-5AC 27 7.0 ...17-0UF0

1FK2210-3AB 30 3.5 ...13-5UF0

TFK2210-3AC 7.0 ...17-0UFO

1FK2210-4AB 40 5.0 ...15-0UFO

TFK2210-4AC 7.0 ...17-0UFO
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3.5

3.5.1

Motor-converter combinations for 1FT2

Motor-converter combinations for 200 ... 240V 1 AC (1FT2)

Converter with line connection 1 AC200V ... 240V

3.5 Motor-converter combinations for 1FT2

The following table lists recommended combinations of converters connected to a 1 AC
200V ... 240V line supply and motors with the associated connecting cables.

Motor Converter OCC cable
Article number Torque Rated power P,/ kW | Article number | Connector size | Article number
(positions 1.... 10 of the M,/ Nm 6SL3210-5HB10-.. 6FX . 002-8Q..
article number)
High Dynamic
1FT2102-0AG 0.16 0.1 ...TUFO M12 ...NO4-...
1FT2102-1AG 0.32
1FT2103-2AG 0.64 0.2 ...2UF0
1FT2103-4AG 1.27 0.4 ...4UFO0
1FT2104-4AF 0.2 ...2UF0 M17 ...NO8-...
1FT2104-4AK 0.4 ...4UF0
1FT2104-5AF 2.4
1FT2104-5AK 0.75 ...8UF0
1FT2104-6AF 3.2
Compact
1FT2203-2AG 0.64 0.2 ...2UF0 M12 ...NO4-...
1FT2203-4AG 1.27 0.4 ...4UF0
1FT2204-5AF 2.4 M17 ...N08-...
1FT2204-5AK 0.75 ...8UFO
1FT2204-6AF 3.2
1FT2205-2AF 3.6
1FT2205-2AH 3.6

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
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3.5 Motor-converter combinations for 1FT2

3.5.2 Motor-converter combinations for 200 ... 240 V 3 AC (1FT2)

Converter with line connection 3 AC200V ... 240V

The following table lists recommended combinations of converters connected to a 3 AC
200V ... 240V line supply and motors with the associated connecting cables.

Motor Converter OCC cable
Article number Torque Rated power Article number | Connector size | Article number
(positions 1... 10 of the |  M,/Nm Pyl kW 6SL3210-5HE... 6FX . 002-8Q..
article number)
High Dynamic
1FT2102-0AG 0.16 0.4 ...10-4U... M12 ...NO4...
1FT2102-1AG 0.32
1FT2103-2AG 0.64 0.75 ...10-8U...
1FT2103-4AG 1.27 1.0 ...11-0U...
1FT2104-4AF 0.4 ...10-4U... M17 ...NO8...
1FT2104-4AK 1.0 ...11-0U...
1FT2104-5AF 2.4 0.75 ...10-8U...
1FT2104-5AK 1.5 ..11-5U...
1FT2104-6AF 3.2 1.0 ...11-0U...
1FT2105-4AF 5 1.5 ..11-5U...
1FT2105-4AH 3.5 ...13-5FU...
1FT2105-6AF 8 2.0 ...12-0U...
1FT2106-3AF 9 5.0 ...15-0U... M23 NT1..
1FT2106-4AF 12
1FT2106-6AF 16 7.0 ...17-0U...
Compact
1FT2203-2AG 0.64 0.75 ...10-8U... M12 ...NO4...
1FT2203-4AG 1.27 1.0 ...11-0U...

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
52 Operating Instructions, 09/2022, A5E41702836B AL



Overview

3.5 Motor-converter combinations for 1FT2

Motor Converter OCC cable
Article number Torque Rated power Article number | Connector size | Article number
(positions 1... 10 of the Mo/ Nm Pyl kW 6SL3210-5HE... 6FX . 002-8Q..
article number)
1FT2204-5AF 2.4 0.75 ...10-8U... M17 ...NO8...
1FT2204-5AK 1.5 .. 11-5U...
1FT2204-6AF 3.2 1.0 ...11-0U...
1FT2205-2AF 3.6
1FT2205-2AH 0.8 .. 11-5U...
1FT2205-4AF 6 1.5
1FT2206-2AF 6.5 1.5 M23 N11...
1FT2206-2AH 2 ...12-0U...
1FK2206-4AF 12 3.5 ...13-5U...
1FT2206-4AH 5 ...15-5U...
1FT2208-3AC 18 3.5 .. 13-5U...
1FT2208-3AF 5.0 ...15-0U...
1FT2208-4AC 22
1FT2208-4AF 7.0 ...17-0U...
1FT2208-5AC 27
1FT2210-3AB 30 3.5 ..13-5U...
1FT2210-3AC 7.0 ...17-0U...
1FT2210-4AB 40 5.0 ...15-0U...
1FT2210-4AC 7.0 ...17-0U...
SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
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3.5 Motor-converter combinations for TFT2

3.5.3 Motor-converter combinations for 380 ... 480 V 3 AC (1FT2)

Converter with line connection 3 AC380V...480V

The following table lists recommended combinations of converters connected to a 3 AC
380V ... 480V line supply and motors with the associated connecting cables.

Motor Converter OCC cable
Article number Torque M,/ Nm | Rated power P/ kW Article number Connector Article number

(positions 1 ... 10 of 6SL3210-5HE... size 6FX . 002-8Q.
the article number)
High Dynamic

1FT2103-2AH 0.64 0.4 ...10-4UFO M17 NO8-...

1FT2103-4AH 1.27 0.75 ...10-8UFO

1FT2104-4AF 1.27 0.4 ...10-4UFO

1FT2104-4AK 1.27 1 ...11-0UFO

1FT2104-5AF 2.4 0.75 ...10-8UFO

1FT2104-5AK 2.4 1.5 ...11-5UF0

1FT2104-6AF 3.2 1.0 ...11-0UFO

1FT2105-4AF 5 1.5 ...11-5UF0

1FT2105-4AH 3.5 ...13-5UF0

1FT2105-6AF 8 2.0 ...12-0UFO

1FT2106-3AF 9 5.0 ...15-0UFO0 M23 N11-..

1FT2106-4AF 12

1FT2106-6AF 16 7.0 ...17-0UFO
Compact

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
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3.5 Motor-converter combinations for 1FT2

Motor Converter OCC cable
Article number Torque M,/ Nm | Rated power P/ kW Article number Connector Article number
(positions 1 ... 10 of 6SL3210-5HE... size 6FX . 002-8Q.
the article number)
1FT2203-2AK 0.64 0.4 ...10-4UFO M17 NOS8-...
1FT2203-4AK 1.27 0.75 ...10-8UFO
1FT2204-5AF 2.4 0.75 ...10-8UFO
1FT2204-5AK 1.5 ...11-5UF0
1FT2204-6AF 3.2 1.0 ...11-0UFO
1FT2205-2AF 3.6
1FT2205-4AF 6 1.5 ...11-5UF0
1FT2205-2AH 3.6 1.1
1FT2206-2AF 6.5 1.5 M23 N11-...
1FT2206-2AH 2 ...12-5UF0
1FT2206-4AF 12 3.5 ...13-5UF0
1FT2206-4AH 5.0 ...15-0UFO0
1FT2208-3AC 18 3.5 ...13-0UFO
1FT2208-3AF 5.0 ...15-0UFO0
1FT2208-4AC 22
1FT2208-4AF 7.0 ...17-0OUFO
1FT2208-5AC 27
1FT2210-3AB 30 3.5 ...13-5UF0
1FT2210-3AC 7.0 ...17-0UFO
1FT2210-4AB 40 5.0 ...15-0UFO0
1FT2210-4AC 7.0 ...17-0UFO
SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
Operating Instructions, 09/2022, A5E41702836B AL 55



Overview

3.6 Converter

3.6 Converter

The converter is a single-axis device (complete converter with integrated infeed). It is
characterized by a compact design, side-by-side installation and high overload capability.

The converter is intended for use with 1FK2 and 1FT2 motors and is available in the following
versions:

* Line supply voltage 1 AC230V (200 V ... 240 V)
Power range 0.1 kW ... 0.75 kW

* Line supply voltage 240 V 3 AC (200 V ... 240 V) and 400 V 3 AC (380 V ... 480 V)
Power range when connected to 400 V 3 AC: 0.4 kW ... 7 kW
With 3 AC converters, connection to a network with grounded neutral point is required.

Control mode

Servo control, optimized for 1FCJ2 motors

Safety functions integrated in the drive
The converter offers the following safety functions integrated in the drive:

* Basic Functions
Included in the scope of delivery of the converter

* Extended Functions
Subject to license
The Basic Functions are kept when purchasing a license for the Extended Functions.

Table 3-1 Safety functions integrated in the drive (Safety Integrated)

Functions Abbr. | Brief description

Basic Func- | Safe Torque Off STO Safe Torque Off according to stop Category O

tions ¥ Safe Stop 1 SS1 Safe stopping process in accordance with stop category 1
Safe Brake Control SBC Safe brake control

Extended Safe Torque Off STO Safe Torque Off according to stop Category O

Functions [ safe Stop 1 SS1 Safe stopping process in accordance with stop category 1
Safe Brake Control SBC Safe brake control
Safe Operating Stop SOS Safe monitoring of the standstill position
Safe Stop 2 SS2 Safe stopping process in accordance with stop category 2
Safely-Limited Speed SLS Safe monitoring of the maximum speed
Safe Speed Monitor SSM Safe monitoring of the minimum speed
Safe Direction SDI Safe monitoring of the direction of motion
Safely-Limited Acceleration SLA Safely-limited acceleration
Diagnostic function Safe Brake Test | SBT Safe test of the required holding torque of a brake

" License not required
You can find more information in Chapter "Safety functions integrated in the drive (Page 99)".

Additional data on Extended Functions see "Using functions that require a license (Page 261)".

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
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3.6 Converter

Integrated braking resistor

In order to absorb the regenerative load of the motor, converters have an internal braking
resistor (exception: 100 W device)?.

If the internal braking resistor is not sufficient, you have the option of connecting an external
braking resistor. More information:

e "Configuring the braking resistor (Page 85)"
e "Connecting the converter (Page 176)"

2 Aninternal braking resistor is not required for normal operation on account of the available DC
link capacitance.

DC link coupling (devices of the 3 AC series only)

For devices of the 3 AC series, the DClinks of up to 6 converters can be coupled. This means that
energy balancing between the axes is possible and braking energy can be used by other axes for
accelerating. This also reduces the dissipated heat in the control cabinet because the braking
energy no longer has to be converted into heat in the braking resistor. More information:

e "DClink coupling (Page 92)"

Communicating with the controller via PROFINET

Commissioning,

The converter supports the following functions:

¢ RT (Real Time)

* IRT (Isochronous Real Time) with the telegrams 5 and 105
¢ MRP (media redundancy) with RT

¢ MRPD (seamless media redundancy) with IRT

* Shared Device

* PROFIsafe

* PROFlenergy

¢ Automatic telegram selection

diagnostics and data backup

Commissioning, diagnostics and data backup are performed using a PC or notebook
(commissioning device). The following commissioning tools are available to you:

e Web server (integrated in the converter):
"Commissioning and diagnostics using the web server (Page 199)"

¢ Startdrive (commissioning software):
"Commissioning and diagnostics with Startdrive (Page 267)"

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
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3.6 Converter

Nameplate and date of manufacture - 1 AC

©@-1P 6S13210-5HB10-4UFQ
S ZVE4Y7M000141
(O SNC-A5E37577127

INPUT: 1AC 200-240V 5.8A/0.3A 50/60Hz
@—I INPUT: 24VDC 0.5A OUTPUT: 3AC 0-INPUT V 2.6A 0-550Hz

IP CLASS: IP20 MOTOR: 0.2kW/0.4kW
(@3 VERSION: 01] |SCCR: 65kA
USE IN PD2 AND OVC IIl ENVIRONMENT ONLY

USE 75°C COPPER WIRES ONLY |[REFERTO MANUA T

LISTED
i EAL N (€ .C € e
$210B000VO_1AB 4TR2

(@& Siemens AG, Frauenauracher Str. 80, DE-91056 Erlangen
@; Made in China

Manufacturer

Environmental conditions
Product designation Reference to the manual
Article number Certificate examples
Serial number Manufacturer's address
Material number Production location

Electrical data and degree of protection Data matrix or QR code

OIIGIOIOIOS)
SISISISIGIOO)

Function releaselversion Note on disposal

Date of manufacture

The date of manufacture of the converter is coded in the serial number:

S ZV@Y7M000141

Month of manufacture

1 January 2 February 3 March 4 April

5 May 6 June 7 July 8 August

9 September O October N November D December
Year of manufacture
E 2014 F 2015 H 2016 J 2017 K 2018 L 2019 M 2020
N 2021 P 2022 R 2023 S 2024 T 2025 U 2026 VvV 2027
W 2028 X 2029

Figure 3-5  Date of manufacture (example June 2018)

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
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3.6 Converter

Nameplate and date of manufacture - 3 AC

i

e T T TOOTY

®T

Manufacturer Reference to the manual

Function status and material number Certificate examples
Product designation Manufacturer's address
Article number Production location

Serial number Data matrix or QR code

SISISIGIOIO)

Electrical data and degree of protection Note on disposal

OISIGIOIOIONS)

Environmental conditions

Date of manufacture

The date of manufacture of the converter is coded in the serial number:

S T-6123456

Month of manufacture

1 January 2 February 3 March 4 April

5 May 6 June 7 July 8 August

9 September O October N November D December

Year of manufacture
J 2017 K 2018 L 2019 M 2020 N 2021 P 2022 R 2023
S 2024 T 2025 U 2026 VvV 2027 W 2028 X 2029

Figure 3-6  Date of manufacture (example May 2018)
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3.6 Converter

Information label

60

Q% 00-1F-F8-42-5A-34
G 3SL3210-5HE11-0UF0

A W N =

Product designation
Function releaselversion
Service interface

MAC address of the service interface

PROFINET interface
MAC address of the PROFINET interface
Article number

0 N o U

Data matrix or QR code

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
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3.7 Connection systems

3.7 Connection systems
The motor is connected to the converter by a MOTION-CONNECT cable.

The cable uses all-in-one cable technology (One Cable Connection, OCC cable). As a result of its
flexibility and low diameter, it permits very tight bending radii.

The OCC cables are available in the following variants:

e MOTION-CONNECT 500
— Cost-effective solution for mainly fixed installation
— Suitable for low mechanical loading

e MOTION-CONNECT 800PLUS

— Fulfills the requirements for use in cable carriers
- Tested for horizontal traversing paths up to 50 m
- Not self-supporting

— Suitable for high mechanical loading
— Oil-resistant
The OCC cables can be supplied in lengths by the decimeter.
Extensions and cabinet bushings are available for the OCC cables.
You will find more information under:
» "Technical data and properties of the connection system (Page 524)"

¢ "Ordering data of the connection system (Page 585)"
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3.7 Connection systems
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Configuring 4

4.1 Permissible line supplies and connection options

The converter is designed for the following line supplies according to IEC 60364-1 (2005).
e TN system

e TT system
e |T system (only 1 AC devices)

Converter with 1 AC line connection on an IT line system

You must remove the grounding screw when operating the converter on an IT line system. As a
consequence, you remove the grounding of the integrated EMC filter.

o=(—
s —

FSA/FSB, FSC,
1AC 230V 1AC 230V

/\ WARNING

Electric shock when the grounding screw is removed

Because of the capacitors, hazardous voltage is present at the grounding screw for up to
5 minutes after the power supply has been switched off.

Contact with live parts can result in death or serious injury.

e After switching off the supply voltage, wait for 5 minutes before you check that the unit
really is in a no-voltage condition and start work.

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
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Configuring

4.1 Permissible line supplies and connection options

Converters with 3 AC line connection
You must observe the following when operating converters with a 3 AC line connection:

* TNand TT line systems with grounded neutral point:
The converter can be directly connected.

e |T line systems as well as TN and TT line systems that are not grounded at the neutral point
(for example, with grounded line conductor):
The converter must be connected up via an isolating transformer. The neutral point on the
secondary side of the isolating transformer must be grounded.

/\ WARNING

Electric shock when operating the converter without grounding screw

If the converter is operated without a grounding screw, there is a risk of electric shock through
contact with live parts when the cover is open or missing.

* Do not open the cover and do not remove the grounding screw.

NOTICE

Destruction of the converter when operated without grounding screw

Operating the converter with 3 AC line connection without grounding screw will destroy it.
¢ Do not remove the grounding screw.

Permissible line system configurations for motors

In combination with the drive system, the motors are generally approved for operation on TN
and TT line systems with grounded neutral point and on IT line systems.

For operation on IT line systems, the occurrence of a first fault between an active part and
ground must be signaled by a monitoring device. According to IEC 60364-4-41, it is
recommended that the first fault is removed as quickly as is practically possible.

Motor operation in such a fault situation can reduce the service life due to a damage insulation
system as a result of partial discharge.

Line supplies with a grounded line conductor, an isolating transformer with grounded neutral
point (secondary side) must be connected between the supply and the drive system to protect
the motor insulation from excessive stress.
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Minimum cross-section of the protective conductor

I,

|
—
opo
ooo
lafo

S e ®

@ The protective conductor (PE) must be dimensioned in accordance with the local installation rules
for equipment with increased discharge currents. As a minimum, one of the following conditions
must be satisfied:

The protective conductor is routed so that along its complete length it is protected against
mechanical damage.

The protective conductor has a cross-section = 10 mm? Cu.

For a cross-section < 10 mm? copper, a 2nd protective conductor with the same cross-section
is provided.

When establishing the connection using an industrial plug connector according to EN 60309,
the insulated conductor of a multi-conductor cable must have a cross-section = 2.5 mm? Cu.

As an insulated conductor of a multi-conductor cable, the protective conductor has a cross-
section = 2.5 mm? Cu.

@ The protective conductor must be dimensioned in compliance with local installation rules.

If each converter is individually protected, the protective conductor with the same cross-sec-
tion must be routed in the same way as the line connecting cable to the converter.

If a group of converters is connected via the AC coupling, the protective conductors must,
within the scope of IEC, be routed with at least 6 mm? Cu® and for the USA and Canada with
8 AWG Cu?.

The cable cross-section must be dimensioned in compliance with local installation rules.

@ Same cross-section as the line conductor of the motor cable. The protective conductor is part of
the OCC cable.

M According to IEC 60364-5-54, Chap. 543.1.2
2 According to NEC (NFPA 70) Table 250.122 | CEC (CSA 22.1.18) Rule 10-6149

Figure 4-1

Protective connection concept
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4.1.1 Connecting options for converters with 1 AC line connection

Basic connection options

3 AC 400V
L1

L2

L3

N

1AC200V..240V

_—Ili- .

No transformer required. Note the  Transformer required.

following safety instructions
regarding the currents in the
neutral conductor.

1AC 120V /240 V 1AC 200V ... 240V
. L1
120 V .
Jrzov] N
I120vv240v
- RN | |

No transformer required.

Figure 4-2  Connection options

No transformer required.

L1

L1
L2
L3
N

3AC200V..240V

L1

L2

Transformer required.

3AC200V...240V

No transformer required.
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/\ WARNING

Neutral conductor fire caused by high currents

If you connect the converter without an isolating transformer to a supply system with 400 V
3 AC between the N-conductor and a line conductor (L1, L2 or L3), the harmonic currents in the

N-conductor can add up to values that are greater than the currents in the line conductors. This
heats up the N-conductor and can cause a fire.

Take the harmonic currents into account when dimensioning the line connecting cables,
e.g. according to DIN VDE 100-520 Insert 3.

Connection examples and cable cross-sections

The protective device should be provided to protect the cable in the case of a short-circuit or
ground fault. Overload converter protection is integrated in the converter itself.

200V ..240V1AC

L1

N

Figure 4-3

Connection example for 1 AC 230V

Line disconnecting device

e.g. switch disconnector

Line contactor

optional

WEE

Protective device for

fault protection

e.g. fuses, circuit breakers, miniature circuit breakers (see "Protective Devices for SINAMICS
5210 (https:/Isupport.industry.siemens.com/cs/ww/en/view/109748999)")
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Line filter (optional)

6SL3203-0BB21-8VA1 rated current 18 A

In conjunction with the line filter, the sum of the rated input currents must not exceed 18 A.
The rated current of the protective device must be appropriately adapted

Distribution block

Line connection

0.75mm?2... 2.5 mm?/ AWG 18 ... AWG 12 in accordance with the installation conditions
(type of cable routing and ambient temperature) and the local regulations

Q @ ©

Protective conductor con-
nection

Same cross-section as the line connecting cable @

©)

Cable to the line filter

Depending on the installation conditions (type of cable routing and ambient temperature)
and the local regulations with reference to the total rated input currents.

The same cross-section should be used for the protective conductor.

3AC400V

L1

L2

L3

Figure 4-4

Connection example for 400 V 3 AC

Line disconnecting device

e.g. switch disconnector

Line contactor

optional

Protective device for
fault protection

e.g. fuses, circuit breakers, miniature circuit breakers (see "Protective Devices for SINAMICS
S210 (https://support.industry.siemens.com/cs/ww/en/view/109748999)")

® OO

Line filter (optional)

from third-party manufacturers
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Distribution block

Line connection

0.75 mm?2... 2.5 mm?/ AWG 18 ... AWG 12 in accordance with the installation conditions
(type of cable routing and ambient temperature) and the local regulations

Q @O

Protective conductor con-
nection

Same cross-section as the line connecting cable @

©

Cable to the line filter

Depending on the installation conditions (type of cable routing and ambient temperature)
and the local regulations with reference to the total rated input currents.

The same cross-section should be used for the protective conductor.

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
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4.1.2

70

Connecting options for converters with 3 AC line connection

Operating the converter on 200V ... 240 V 3 AC line supplies
Use an external, intrinsically safe braking resistor to ensure safe and reliable converter operation.

When using an external braking resistor, connections DCP and R2 must not be jumpered at
connector X4. Connect the braking resistor via the DCP and R1 terminals.

When operatingona 200V ... 240V 3 ACline supply, the jumper for the internal braking resistor

must not be installed at connector X4. In this particular case, connect an external, intrinsically
safe braking resistor.

Figure 4-5  Connector X4: Connection for an external braking resistor

/\ WARNING

Fire due to not carefully complying with connection and installation notes

When incorrectly connected and in the case of a fault, the converter can overheat resulting in
fire and smoke. This can result in severe injury or death.

Install built-in units in a suitable metal cabinet in such a way that personnel are protected
against fire and smoke, or take other appropriate measures to protect personnel.

It is crucial that you carefully observe connection and installation notes.

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
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Connection options

You can connect each converter individually via the standard terminals and the protective
devices assigned to them in accordance with the local regulations or you can connect a group
of converters via the optional AC coupling and a common protective device.

3AC 200V ...240V/3AC 380V ... 480 V
g
PE

0]
@
@
®
@

@ Line disconnecting de-  e.g. load breaker switch

vice

@ Line contactor optional

@ Protective device for e.g. fuses, circuit breakers, miniature circuit breakers (see "Protective

fault protection Devices for SINAMICS S210 (https://
support.industry.siemens.com/cs/ww/en/view/109748999)")

@ Line connection 1.5mm?...6 mm?/AWG 16 ... AWG 10 in accordance with the conditions
in the installation (type of cable installation and ambient temperature)
and the local regulations

@ Protective conductor Same cross-section as the line connecting cable @

connection

Figure 4-6  Individually connected converters with 3 AC line connection

AC coupling

You can connect a group of converters via a common protective device if you order the
connector kit for AC coupling 65L3260-2DC10-0AAO (AC link) for each converter. It is not
permissible that the sum of the rated input currents of the converter exceed the continuous
current carrying capacity of the cables and/or the rated current of the optional radio interference
suppression filter; see Section "DC link coupling”.

The connector in the connector kit for the AC coupling (16 mm?/AWG 6) replaces the line
connector contained in the scope of delivery of the converter (6 mm?/AWG 10). The single-core
cable is routed through this connector and electrical contact with the cable is made with a set

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
Operating Instructions, 09/2022, A5E41702836B AL 71


https://support.industry.siemens.com/cs/ww/en/view/109748999
https://support.industry.siemens.com/cs/ww/en/view/109748999

Configuring

4.1 Permissible line supplies and connection options

Q © ® OO

©

Figure 4-7

72

screw. In this way, the line connections of a phase are connected via a cable for all converters
(see also the chapter "Establishing an AC coupling and DC link coupling (Page 190)").

3AC200V..240V/3AC380V..480V

Line disconnecting device
Line filter (optional)

Protective device for fault protection

Cables for the AC coupling
Protective conductor

Protective connection

Cable to the line filter

DC link coupling

3AC200V..240V/3AC380V..480V

@F1..F3

e.g. load breaker switch

6S1.3203-0BE23-5HAO0: Rated current 35 A
6S1.3203-0BE26-5HAOQ: Rated current 65 A

e.g. fuses, circuit breakers, miniature circuit breakers (see Product Information
"Protective Devices for SINAMICS S210 (https://support.industry.siemens.com/cs/
ww/en/view/109748999)")

For the permissible cables for IEC, UL and CSA applications, see the chapter "Es-
tablishing an AC coupling and DC link coupling (Page 190)"

For the cross-section according to @
minimum cross-section, see

Group protection according to IEC:

e 6 mm?/10 AWG

Group protection according to NEC/CEC:

e 6 mm?/ 10 AWG for overcurrent protective devices up to 60 A
* 10 mm?/ 8 AWG for overcurrent protective devices up to 100 A

Depending on the installation conditions (type of cable routing and ambient tem-
perature) and the local regulations with reference to the total rated input currents.

Converter with AC coupling (without/with line filter)

You can couple the DC links of up to 6 converters to exchange energy within this drive line-up.
To couple the DC links, the line connections of the coupled converters must also be connected.
For this purpose, order the connector kit 6SL3260-2DC00-0AAO (AC and DC link) for each

converter.

The following figure shows the basic structure of such a system.
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3AC200V..240V/3AC380V..480V

5
' @
®
® ° e

Line disconnecting de-
vice

Line filter (optional)

Protective device for
fault protection

e.g. load breaker switch

6SL3203-0BE23-5HAOQ: Rated current 35 A
6SL3203-0BE26-5HAOQ: Rated current 65 A

e.g. fuses, circuit breakers, miniature circuit breakers
(see Product Information "Protective Devices for SINAMICS S210 (https://
support.industry.siemens.com/cs/ww/en/view/109748999)")

Cables for the
AC coupling

Cables for the
DC link coupling

Q0 @ © ©® O

Protective conductor

©)

Protective connection

(9) cable to the line filter

For the permissible cables for IEC, UL and CSA applications, see
the chapter "Establishing an AC coupling and DC link coupling
(Page 190)"

same as @

For the cross-section according to @
minimum cross-section, see @

Group protection according to IEC:

e 6mm?/10 AWG

Group protection according to NEC/CEC:

e 6 mm?/ 10 AWG for overcurrent protective devices up to 60 A
e 10 mm? /8 AWG for overcurrent protective devices up to 100 A

Depending on the installation conditions (type of cable routing and am-
bient temperature) and the local regulations with reference to the total
rated input currents.

Figure 4-8  Converters with AC coupling and DC link coupling

Note that for the cables for the line connection (5) and for coupling the DC links ®, only the
specified cable types are permissible to achieve degree of protection IP20 and ensure reliable

contacting.

The cables for the AC coupling (® of adrive line-up must be loaded with no more than 65 A due
to the plug-in connector. Calculate the permissible current-carrying capacity of the cables in
accordance with the local installation standards and make sure that the total of the rated input
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currents of all devices that are connected to a common AC coupling does not exceed the
calculated current-carrying capacity of the cables or the optional radio interference suppression
filter.

Example of a calculation according to IEC 60364-5-52:
* Cross-section: 16 mm?

* Insulating material: PVC

* No. of loaded conductors: 3

¢ Type of cable installation: E

¢ Ambient temperature: 50 °C

e Current carrying capacity: 56.8 A

Ambient temperature [°C] Max. current Max. current
at 70 °C cables [A] at 90 °C cables [A]
40 65.0 65.0
45 63.2 65.0
50 56.8 65.0

For end use in the USA or Canada, the relevant national standards that apply there must be
observed in installations.

The common protective device must disconnect the power supply of the drive line-up in the
event of a fault without thermally overloading the AC coupling.

For suitable protective devices, see the product information "Protective Devices for SINAMICS
S210 (https://support.industry.siemens.com/cs/ww/en/view/109748999)".

The selection of the protective device can be as follows with estimation:

 Calculate the input current of group I, 4., as the total of the rated input currents (see the
chapter "Specific data of the converter with 3 AC line connection (Page 522)").

* Theinput current of group I, 4, Must be less than the current-carrying capacity I, of the AC
coupling

* The rated current I of the protective device should be 25 % greater than the previously
calculated input current of the group, but must not exceed the maximum permissible rated
current of the largest protective element according to "Protective Devices for SINAMICS

S210".
4.1.3 Line connection via protection and monitoring equipment
4.1.3.1 Overcurrent protective devices (mandatory)

Standard fuses for IEC and UL

Examples of suitable fuses are provided in the technical data.
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Permissible protective devices are described for 3 connection types (1 AC, 3 ACand 3AC with AC
coupling) in the subsequent chapters with connection options for converters.

More detailed information is provided in the product information "Protective Devices for
SINAMICS S210 (https://support.industry.siemens.com/cs/ww/en/view/109748999)".

For installation in conformance with UL and cUL, additional information is provided in the
Appendix "UL Markings" of this document.

/\ WARNING

Electric shock or fire if damaged protective devices are used

When a protective device is tripped, this indicates that a fault current was interrupted.
Components could have been damaged as a result. Using damaged components can result in
electric shock or fire, and therefore cause severe injuries or death.

e Check all the protective devices and replace any damaged devices.
e Completely replace protective devices that have been burned out.

4.1.3.2 Residual current devices (optional)

Residual current devices RCCB (optional)

RCCBs can be used in addition to overcurrent protective devices.

Code Meaning

RCCB e Residual current circuit breaker

¢ Residual current circuit breaker

e Ground-fault circuit interrupter

Conditions for using residual current devices

e Super-resistant (short-time delayed) RCCBs
— Type A or type B for converters with 1 AC line connection
— Type B for converters with 3 AC line connection

* Rated fault current 300 mA

* Separate RCCB for each converter or for a group of converters when coupling converters on
the AC side with 3 AC line connection

e Carefully ensure that the loop impedance is maintained corresponding to local installation
regulations.

* Only operate the system with the internal or recommended line filters.

e Ensure that the switching elements (disconnector unit, contactors) for connecting and
disconnecting the drive system have a delay time of max. 35 ms between the closing/
opening of the individual main contacts.
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/\ WARNING

Electric shock or fire when using unsuitable residual current devices

Converters with 3 AC line connection can generate smooth DC fault currents, which render
type A or AC RCDs unusable.

e Use the recommended type B RCDs to protect converters.
¢ If higher-level RCDs are used, then these must also be type B devices.

Typical converter leakage currents

Note
Nuisance tripping of RCDs

For unfavorable line supply conditions, as a result of the system, converters can generate
capacitive discharge currents, which means that RCDs can nuisance trip.

Table 4-1 Decision-making support/guide values for leakage currents of 1 AC devices”
Device Ic,,, typical leme typical l.me typical
50 Hz component up | 60 Hz component Complete frequency
to 240V up to 240V spectrum for 50 Hz, up to
240V
FSA 13 mA 15 mA 70 mA (maximum @
8 kHz)
FSB 13 mA 15 mA 70 mA (maximum @
8 kHz)
FSC 13 mA 15 mA 70 mA (maximum @
8 kHz)
1AC line filter (18A) 7 mA 8 mA A statement is not possi-
Supplementary filter (forad- | 40 mA 48 mA ble, as this depends heav-
ditional load, three-phase) ily on the system

" Actual values can deviate significantly as a result of the dependency of the leakage current on the load,
cable length, line voltage and frequency, component tolerances as well as the protective conductor
connection.
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By removing the grounding screw of the filter, for an appropriate configuration, multiples of the
leakage currents of the complete frequency spectrum can occur from the table above.

Table 4-2 Decision-making support/guide values for leakage currents of 3 AC devices”
Device I typical l.me typical l.me typical
50 Hz component up | 60 Hz component | Complete frequency
to 480V up to 480V spectrum for 50 Hz, up to
480V
FSA 10 mA 12 mA 85 mA (maximum @
8 kHz)
FSB 15 mA 17 mA 100 mA (maximum @
750 Hz)
FSC 24 mA 29 mA 100 mA (maximum @
750 Hz)
3AClinefilter(35Aand 65A | 9 mA 11 mA A statement is not possi-
type) ble, as this depends heav-
Supplementary filter (for ad- | 40 mA 48 mA ily on the system

ditional load, three-phase)

" Actual values can deviate significantly as a result of the dependency of the leakage current on the load,
cable length, line voltage and frequency, component tolerances as well as the protective conductor

connection.
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4.2 Configuring the motor

4.2.1 Configuration sequence

Motion Control

Drives are optimized for motion control applications. They execute linear or rotary movements
within a defined movement cycle. All movements should be optimized in terms of time.

As a result, drives must meet the following requirements:

* High dynamic response, i.e. short rise times

* (Capable of overload, i.e. a high reserve for accelerating

* Wide control range, i.e. high resolution for precise positioning.

The following table "Configuring procedure” is valid for synchronous and induction motors.

General configuring procedure

The function description of the machine provides the basis for configuration. The components
are selected according to physical interdependencies and the selection process is usually carried
out in the following sequence of steps:

Table 4-3 Configuration sequence
step Description of the configuring activity
1. Clarify the drive type See the next
2. Define the constraints and incorporate them into the automation system chapter
3. Define the load case, calculate the maximum load torque and determine the
motor
4. Define the converter required See
5. Repeat steps 3 and 4 for additional axes catalog
6. Determine line-side power options (main switch, fuses, line filters, etc.)
7. Define other system components (e.g. braking resistors)
8. Calculate the current demand of the components for the 24 V DC power supply
- and specify the power supplies (SITOP devices, Control Supply Modules)
9. Determine the connection system components
10. Configure the drive line-up components
11. Calculate the required cable cross sections for power supply and motor con-
nections
12. Inclusion of mandatory installation clearances

Observe also the recommended combinations of converters and motors with the associated
connecting cables in the chapters "Motor-converter combinations for 1FK2 (Page 48)" and
"Motor-converter combinations for 1FT2 (Page 51)".
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4.2.2 Clarify the drive type

Select the motor on the basis of the required torque (load torque), which is defined by the
application, e.g. traveling drives, hoisting drives, test stands, centrifuges, paper and rolling mill
drives, feed drives or main spindle drives.

Gearboxes to convert motion or to adapt the motor speed and motor torque to the load
conditions must also be taken into account when selecting the motor.

You must know the following mechanical data in order to determine the torque to be supplied
by the motor:

* The load torque specified by the application

* Masses to be moved

¢ Diameter of the drive wheel

* Leadscrew pitch, gear ratios

* Frictional resistance data

* Mechanical efficiency

» Traversing distances

*  Maximum velocity

e Maximum acceleration and maximum deceleration

e Cycle time

4.2.3 Define the boundary conditions and incorporate them into the automation
system

Take the following into account during the confguration:

* The line system configuration when using specific motor types and/or line filters

* Rated values of the motor

* The ambient temperatures and the installation altitude of the motors and drive components
¢ Heat dissipation from the motors

Other conditions apply when integrating the drives into an automation environment such as
SIMATIC or SIMOTION.

For motion control and technology functions (e.g. positioning), as well as for synchronous
operation functions, the corresponding automation system, e.g. SIMATIC S7-1500 or SIMOTION
D is used.
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4.2.4 Define the load case, calculate the maximum load torque and determine the
motor

The motors are defined bases on the motor type-specific limiting characteristic curves.
The limiting characteristic curves describe the torque or power curve over the speed.

The limiting characteristic curves take the limits of the motor into account on the basis of the DC-
link voltage. The DC-link voltage is dependent on the line voltage.

3,5
301 M_max
2,5
Z 20
£
215
& S1
I9 1,0 \
0,5
0
0 1000 2000 3000 4000 5000 6000 7000
Motor speed in r/min
M_max Curve of the maximum torque
S1 S1 characteristic

Figure 4-9  Limit characteristics for synchronous motors

Procedure

1. Determine the load which is specified by the application.
Use different characteristics for the different loads.
The following operating scenarios have been defined:

— Duty cycle with constant ON duration
— Free duty cycle

2. Determine the characteristic torque and speed operating points of the motor for the defined
load.

3. Calculate the acceleration torque of the motor.
Add the load torque and the acceleration torque. to obtain the maximum required torque.

4. Verify the maximum motor torque with the limiting characteristic curves of the motors.
The following criteria must be taken into account when selecting the motor:

— Compliance with the dynamic limits

All torque-speed points of the load must be below the relevant limiting characteristic
curve.

— Compliance with the thermal limits
At average speed, the effective motor torque must be below the S1 characteristic
(continuous operation) during the load.

You have specified a motor.
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Duty cycles with constant ON duration

For duty cycles with constant ON duration, there are specific requirements for the torque
characteristic curve as a function of the speed, for example:

M = constant, M ~ n2, M ~ n or P = constant.

t

7~ 'smax

t

Figure 4-10  S1 duty (continuous operation)

The drives with this load cycle typically operate at a stationary operating point.

Procedure

1. Configure a base load for the stationary operating point. The base load torque must lie below
the S1 characteristic.

2. In the event of transient overloads (e.g. during acceleration), configure an overload.
Calculate the overload current in relation to the required overload torque. The overload
torque must lie below the M_max characteristic.

In summary, the motor is configured as follows:

3,5
M_max
3,0
251 M_konst_U
E
= 2,0
c
é 1,5 ST
g
21,0 M_konst_G \
0,5
0 1000 2000 3000 4000 5000 6000 7000
Motor speed in r/min

M_max Curve of the maximum torque M_const_ov Curve of the overload torque
er

S1 S1 characteristic M_const_ba Curve of the base load torque
se

Figure 4-11  Motor selection for a duty cycle with constant switch-on duration

3. Select a motor that satisfies the requirements of S1 duty.
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Free duty cycle

82

A free duty cycle defines the curve of the motor speed and the torque over time.

T t
SR
1 At ] t
n Speed T Cycle time
M Torque At Time interval

t Time
Figure 4-12  Example of free duty cycle

Procedure
Determine the required motor torque as follows:

» Define a load torque for each time slice. Also take the average load moment of inertia and
motor moment of inertia into account for acceleration operations. If required, take a
frictional torque into account that opposes the direction of motion.

*  With mounted gearbox:
Determine the load torque and the acceleration torque that must be supplied by the motor.
Take the gear ratio and gear efficiency into account.

Note

A higher gear ratio increases positioning accuracy in terms of encoder resolution. For any
given encoder resolution, as the gear ratio increases, so does the resolution of the machine
position to be detected.

The following formulas can be used for duty cycles outside the field weakening range.

For the motor torque in a time slice At ;the following applies:

2m Anpg . 2m  ANpasy, 1
Myt i= (utJg)e oo ——"0i + (Jlasie on o ——+ M + Mg ) » ;
Mot, (JM ‘]G) 60 At ( Last 60 At, Last, R) ie nG
The motor speed is: Mot = Niasy,i *1
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4.2 Configuring the motor

The effective torque is obtained as follows: D M2 AL
Muotet =\ = 7

The average motor speed is calculated as follows: Z Mvoria + Muori e AL
nMot, mittel = % l

Ju Motor moment of inertia

Js Gearbox moment of inertia

Jioad Load moment of inertia

Nioad Load speed

i Gear ratio

Ne Gearbox efficiency

Migad Load torque

Mg Frictional torque

T Cycle time

A E Initial value, final value in time slice At;

t. ON duration

At Time interval

The effective torque M.t must lie below the S1 characteristic.

The maximum torque M,,,, is produced during the acceleration operation. M,,,, must lie below
the voltage limiting characteristic curve. In summary, the motor is configured as follows:

3,5
3,0 = \|_max
2,5
E 2,0 M_max (from travel curve)
= [}
s 10 S12_*
5 —M_rms °
= 110 _I [ . \
0.5 n_average ® °
0
0 1000 2000 3000 4000 5000 6000 7000
Motor speed in r/min

M_max Curve of the maximum torque S1  S1 characteristic = M,
M_eff Effective torque ° Points from the traversing profile
n_mean Mean speed

Figure 4-13  Motor selection for duty cycle

You have defined the characteristic motor values corresponding to the duty cycle.
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4.2 Configuring the motor

Defining the motor

By varying, you can find the motor that satisfies the conditions of the operating mode (duty
cycle).

¢ Determine the motor current at base load. The calculation depends on the type of motor
(synchronous motor or induction motor) and the operating mode (duty cycle) used.

Note

When configuring according to duty cycle with constant ON duration with overload, the
overload current is calculated in relation to the required overload torque.

e Comply with the thermal limits of the motor.

* Configure the other properties of the motor through the available motor options.
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4.3 Configuring the braking resistor

4.3 Configuring the braking resistor

Note
Operating the converter on 3 AC200V ... 240 V line supplies

Use an external, intrinsically safe braking resistor to ensure safe and reliable converter operation.

The use of the internal braking resistor ona 3 AC200V ... 240V line supply is not permissible,
see Section "Connecting options for converters with 3 AC line connection (Page 70)".

The converter has a Braking Module that converts regenerative energy of the servomotor into
heat via an integrated braking resistor. Regenerative energy is produced, for example, when
braking the connected mechanical system.

If the motor feeds back more energy than can be dissipated by the braking resistor, then the
converter shuts down with fault F30002 (DC link overvoltage). In this case, you will require an
external braking resistor.

If you are familiar with your system's moments of inertia in relation to the motor shaft, calculate
the generated braking energy using the formula in the section "Calculating the braking energy

(Page 86)".

Table 4-4 Braking power and braking energy with the internal braking resistor

Article number Rated Continuous Peak power | Braking energy

power in kW braking in kW in kJ
power in W

Converter with line connection 200V ... 240V 1 AC
6SL3210-5HB10-1UFO 0.1 51 0.35 0.01
6SL3210-5HB10-2UFO 0.2 10 0.6 0.15
6SL3210-5HB10-4UFO 0.4 20 1.3 0.325
6SL3210-5HB10-8UFO 0.75 40 24 0.60
Converter with line connection 3 AC380V ... 480V
6SL3210-5HE10-4UFO 0.4 50 1.2 0.30
6SL3210-5HE10-8UFO 0.75 50 2.4 0.30
6SL3210-5HE11-0UFO 1.0 50 3.0 0.30
6SL3210-5HE11-5UF0 1.5 100 5.7 0.60
6SL3210-5HE12-0UFO 2.0 100 6.0 0.60
6SL3210-5HE13-5UF0 3.5 325 15.0 1.95
6SL3210-5HE15-0UFO 5.0 325 19.0 1.95
6SL3210-5HE17-0UFO 7.0 325 19.5 1.95

D The 1 AC 200 ... 240 V 100 W device does not have an internal braking resistor. An internal braking
resistor is not required for normal operation as a result of the available DC link capacitance.

Internal braking resistors for connection to 200 ... 240 V 3 AC

For operation with a supply voltage of 3 AC200V to 240V, an external, intrinsically safe braking
resistor is always required for each device. Use of braking resistors integrated in the device is not
permissible with this supply voltage. For more information, see section "Requirements placed on
the external braking resistor (Page 87)".
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4.3 Configuring the braking resistor

4.3.1 Calculating the braking energy

To find out whether you require an external braking resistor, calculate the braking energy
according to the following formula:

W)
Jmot | kgm?

J I'’kgm?

n, l rimin
n, | rimin

Braking energy
Moment of inertia of the servo motor

e "Technical specifications and characteristics of 1FK2 connected to TAC 230V,
3AC 240 V" (Page 377)

e "Technical specifications and characteristics of 1FK2 connected to 3AC400V,
3AC 480 V" (Page 407)

e "Technical specifications and characteristics of 1FK2 connected to TAC 230V,
3AC 240 V" (Page 435)

e "Technical specifications and characteristics of 1FK2 connected to 3AC400V,
3AC 480 V" (Page 471)

Moment of inertia of the driven mechanical system in relation to the shaft of the
servomotor

Initial speed
Speed after braking

Note

As the friction is not taken into account in the above formula, less energy is fed back to the servo
drive system in practice than that calculated in the formula.

Example

Servomotor with low moment of inertia, power 0.75 kW

Moment of inertia of the servomotor 1FK2104-5AK1... Joot = 0.65 x 10* kgm?
Moment of inertia of the driven mechanical system J=4 x10* kgm?
n, = 3000 r/min n, = 600 r/min

= W=22.03J (1J=1WSs)

The braking energy that can be absorbed by the integrated braking resistor (1640 J) is higher
than the actual braking energy (22.03 J). In this case, therefore, no external braking resistor is

required.
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4.3 Configuring the braking resistor

4.3.2 Requirements placed on the external braking resistor
/\ WARNING
Risk of fire caused by continuous overload
If the external braking resistor is continuously overloaded, for example as the result of a
defective Braking Module, an explosion or fire could occur. This can result in severe injury or
death and/or the enclosure could melt.
¢ Use only braking resistors that are intrinsically safe.
e Use only a braking resistor with temperature monitoring and connect it to DI4 of the
converter.
NOTICE
Damage to the converter due to its maximum load being exceeded
If the maximum permissible continuous power, peak power or braking energy is exceeded, the
converter may be damaged.
¢ Only ever operate the converter within its maximum permissible working range.
Load cycles for braking resistors
PaA PaA
Pmax ______________ Pmax ______________
PBr - rxX__- - - --= - -
Pcont
> >
t N — t t
on
T
Figure 4-14  Peak power, continuous power and duty cycle of the braking resistor

Poax [KW]: Maximum peak power

Egr = Pg - 15, Peont [KW]: Maximum continuous power

Pe. [kKW]: Application-specific braking power

T =Eg P Emax [KJ]: Maximum braking energy

Eq, [kJ]: Application-specific braking energy
ton [S]: Braking duration
T [s]: Cycle duration
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4.3 Configuring the braking resistor

88

The following should be observed:

* The braking power required in the application must not exceed the maximum peak power
(according to the tables).

* Therequired braking energy results from the product of the required braking power and the
duty cycle (integral of the braking power over time).

* The required braking energy must not exceed the maximum braking energy (according to
the tables).

* The average braking power (arithmetic mean of the braking cycle) must not exceed the
maximum continuous power (according to the tables).

Table 4-5 Resistance data for an external braking resistor
Converter Braking resistor
Article number Rated Minimum Maximum | Maximum | Maximum
power resistance | continuous | peak power | braking en-
in kW inQ power inW ergy in kJ
in W
Line voltage 200 ... 240V 1 AC
6SL3210-5HB10-1UFO 0.1 300 50 350 0.7
6SL3210-5HB10-2UFO0 0.2 150 100 600 1.3
6SL3210-5HB10-4UF0 0.4 100 200 1300 2.3
6SL3210-5HB10-8UFO 0.75 50 380 2400 3.8
Line voltage 200 ... 240 V 3 AC
6SL3210-5HE10-4UFO 0.4 100 200 600 1
6SL3210-5HE10-8UFO 0.75 100 380 1200 1
6SL3210-5HE11-0UFO 1.0 100 500 1700 1
6SL3210-5HE11-5UF0 1.5 50 880 2900 20
6SL3210-5HE12-0UFO 2.0 50 1000 3800 20
6SL3210-5HE13-5UF0 3.5 15 1750 7500 25
6SL3210-5HE15-0UF0 5.0 15 2500 9500 25
6SL3210-5HE17-0UFO 7.0 15 3250 12500 25
Line voltage 380...480V 3 AC
6SL3210-5HE10-4UFO 0.4 200 200 1200 8
6SL3210-5HE10-8UFO 0.75 200 380 2400 8
6SL3210-5HE11-0UFO 1.0 200 500 3400 8
6SL3210-5HE11-5UF0 1.5 100 880 5700 80
6SL3210-5HE12-0UFO 2.0 100 1000 7600 80
6SL3210-5HE13-5UF0 3.5 30 1750 15000 100
6SL3210-5HE15-0UFO 5.0 30 2500 19000 100
6SL3210-5HE17-0UFO 7.0 30 3250 25000 100
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4.3 Configuring the braking resistor

Table 4-6 Examples of suitable intrinsically safe braking resistors from a third-party supplier
Converter Braking resistor, Michael Koch GmbH"
Article number Rated Order designation with Continu- Continu- | Maximum | Maximum
power in | temperature sensor 190 °C | ous power | ous power | peak pow- | braking en-
kw inW inW er ergy in kJ
for CE for UL inW
Line voltage 200 ... 240V 1 AC
6SL3210-5HB10-1UFO 0.1 BWG250047TS-190 50 50 350 0.7
65L3210-5HB10-2UF0 0.2 BWG250047TS-190 100 100 600 1.1
65L3210-5HB10-4UF0 0.4 BWG250047TS-190 100 100 1300 1.8
65SL3210-5HB10-8UFO 0.75 BWG500027TS-190 200 200 2400 2.7
Line voltage 200 ... 240V 3 AC
65L3210-5HE10-4UFO 0.4 BWG500027TS-190 200 200 600 0.9
65SL3210-5HE10-8UFO 0.75 BWG600014TS-190 380 240 1200 0.8
6SL3210-5HE11-0UFO 1.0 BWG600014TS-190 400 240 1700 0.8
6SL3210-5HE11-5UF0 1.5 BWD500027KO03LIP65IS 600 600 2900 14.5
65L3210-5HE12-0UFO 2.0 BWD500027K03LIP65IS 600 600 3800 13.9
6SL3210-5HE13-5UF0 3.5 BWD600014KO3LIP65IS 1200 720 7500 18.7
6SL3210-5HE15-0UFO0 5.0 BWD600014KO03LIP65IS 1200 720 9500 17.8
6SL3210-5HE17-0UFO 7.0 BWD600014K03LIP65IS 1200 720 12500 18.2
Line voltage 380...480 V 3 AC
6SL3210-5HE10-4UFO 0.4 BWG500100TS-190 200 200 1200 5.2
6SL3210-5HE10-8UFO 0.75 BWG600047TS-190 380 240 2400 6.2
6SL3210-5HE11-0UFO 1.0 BWG600047TS-190 400 240 3400 6.1
6SL3210-5HE11-5UF0 1.5 BWD500100KO03LIP65IS 600 600 5700 30.4
6SL3210-5HE12-0UF0 2.0 BWD500100K03LIP65IS 600 600 7600 30.4
6SL3210-5HE13-5UF0 35 BWD600047K03LIP65IS 1200 720 15000 50.0
6SL3210-5HE15-0UF0 5.0 BWD600047K03LIP65IS 1200 720 19000 47.5
6SL3210-5HE17-0UFO 7.0 BWD600047K03LIP65IS 1200 720 25000 41.7

" Can only be directly sourced from Michael Koch GmbH

Remark relating to braking resistors:

¢ Braking resistors from Michael Koch GmbH
The resistance values of the braking resistors deviate from the listed general values in Table
"Resistance data for an external braking resistor".
The braking resistors have been tested in conjunction with S210 converters and are
approved.

¢ Braking resistors from other manufacturers
Braking resistors from other manufacturers should be dimensioned according to Table
"Resistance data for an external braking resistor".

External braking resistors for 3 AC 200 ... 240 V

For operation with a supply voltage of 3 AC200V to 240V, an external, intrinsically safe braking
resistor is always required for each device. Use of braking resistors integrated in the device is not
permissible with this supply voltage.
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4.3 Configuring the braking resistor

We recommend the following resistors as a substitute for the internal braking resistors. If these
are not sufficient, you can use the resistors stated in the tables above (200 ... 240 V 3 AC).

e For FSA and FSB devices GXK:BWG250047TS-190
100 W, 47 ohm

GXK:BWG600014TS-190"
240 W, 14 ohm

e For FSC devices

" For UL, the resistor has only a 240 W braking power. According to CE, 400 W braking power is also

possible.

The resistors have approvals for the North American market (cURus and CSA).

The temperature sensor of the resistor can by connected at input DI4 on the converter for
temperature monitoring. This switches the converter off when the braking resistor is overloaded.

Table 4-7 Intrinsically safe braking resistors for converters with 3 AC 200 ... 240 V line connection
Article number Rated Order designation with tem- | Continuous Peak power | Braking ener-
power in | perature sensor 190 °C braking power inwW gy
kw in W inkJ
6SL3210-5HE10-4UFO 0.4 GXK:BWG250047TS-190 100 600 0.6
6SL3210-5HE10-8UFO 0.75 GXK:BWG250047TS-190 100 1200 1.0
6SL3210-5HE11-0UFO 1.0 GXK:BWG250047TS-190 100 1700 1.0
6SL3210-5HE11-5UF0 1.5 GXK:BWG250047TS-190 100 2900 1.7
6SL3210-5HE12-0UFO 2.0 GXK:BWG250047TS-190 100 3200 2.0
6SL3210-5HE13-5UF0 3.5 GXK:BWG600014TS-190 240" 7500 5.4
6SL3210-5HE15-0UF0 5.0 GXK:BWG600014TS-190 240" 9500 6.5
6SL3210-5HE17-0UFO 7.0 GXK:BWG600014TS-190 240" 11000 6.7

D For UL, the resistor has only a 240 W braking power. According to CE, 400 W braking power is also possible.

90

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
Operating Instructions, 09/2022, A5E41702836B AL




Configuring

4.3 Configuring the braking resistor

4.3.3 Connecting an external braking resistor

Connecting an external braking resistor
Use shielded cables to connect power to the external braking resistor.

How to connect the external braking resistor and the temperature monitoring is described in the
sections:

* For converters with 1 AC line connection: "Connecting a 1 AC braking resistor (Page 184)"

* For converters with 3 AC line connection: "Connecting a 3 AC braking resistor (Page 192)"

Setting the temperature monitoring of the external braking resistor

If you have connected the external braking resistor with motor temperature monitoring, you
must activate the temperature monitoring via the web server of the converter.

* "Connecting the digital input (Page 192)"
* "Configuring digital inputs (Page 226)"
Activate the DI4 digital input "Temperature monitoring of the external braking resistor".

The converter switches the motor off as soon as the external braking resistor is too hot or when
no external braking resistor is connected (wire break).

F7860 power unit: Thermal overload of external braking resistor
Cause: The external braking resistor is thermally overloaded. Its use is therefore disabled.

Note: The monitoring of the external braking resistor configured via DI4 of X130 has tripped.
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4.4 DC link coupling
4.4 DC link coupling

DC link coupling for converters with 3 AC line connection
Using connector X3 you can connect the DC links of up to six converters with one another.

With the DC link coupling, energy recovered by drives operating in the generating mode does
not have to be converted into heat via the braking resistor, butis instead used by drives operating
in the motoring mode.

Prerequisites and conditions for the DC link coupling

e Itis permissible to couple the DC links of converters with different power ratings.

¢ Theconverters must be mounted with decreasing power ratings starting from the line supply

infeed.
Line
connection
DC link couplingﬁ i
ISR IS m— T —CTIL
|

7 kW
7 kW
2 kW
1.5 kW
1 kW
0.4 kW

» All converters whose DC links are coupled, must also be coupled on the line side (AC
coupling).

¢ The coupled converters must be housed in the same control cabinet.

¢ Onlya 1-row setup is permissible. It is not possible to distribute the coupled converters over
2 or more rows.

Note
* Fora DClink coupling, line connection via the standard connector is not permissible.
* Feeding in DC power directly at the DC link is not permissible!
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4.4 DC link coupling

Procedure to establish the DC link coupling

1. Mount the converters, without any intermediate spaces, with decreasing power ratings
starting from the line supply infeed.
If an EMC filter is used, the power must be fed in from the left-hand side.

2. Establishing the AC and DC link coupling:
Use the connectors and cables that are described in the following chapter:

"Establishing the AC and DC link coupling (Page 190)"
— "Connectors and cables for the AC and DC link coupling (Page 554)"

Additional external braking resistors for the DC link coupling
The entire braking power of all converters coupled in a group is always available for braking.

If you require an external braking resistor for your system in spite of a DC link coupling, then you
must connect this to the converter with the highest power rating. You can find more information
in the chapter:

* "Configuring the braking resistor (Page 85)"

Special features for converters with a 200V ... 240 V 3 AC line connection

* TheDClink couplingisonly permissible for converters of the same frame size. Otherwise, the
above mentioned points apply.

e In the case of connection to 200 V ... 240 V 3 AC line supplies, also refer to the chapter:
"Connecting options for converters with 3 AC line connection (Page 70)"

* For operation with a supply voltage of 3 AC 200 V to 240V, an external, intrinsically safe
braking resistor is always required for each device. Use of braking resistors integrated in the
device is not permissible with this supply voltage. For more details, refer to the chapter
"Requirements placed on the external braking resistor (Page 87)".
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4.5 Vertical axis

4.5 Vertical axis

If you are using a vertical axis, pay attention to the following notes:
e Vertical axes in combination with STO/SS1 (Page 94)

e Electronic weight counterbalance for a vertical axis (Page 95)

4,5.1 Vertical axes in combination with STO/SS1

If you use the Safety functions SS1 or STO with a vertical axis, you must consider the following
condition in the parameterization to ensure that the axis does not drop after the transition to
STO:

p9652 >p1135+p1228 +r1217

A SS1
}

p1226 —
\ T >
\ \ t
} r1217 } Pulse suppression
\ |

| STO/SBC
! \

p1135[0] OFF3 ramp-down time

r1217 Motor holding brake application time

p1226[0] Speed threshold for standstill detection

p1228 Pulse cancellation delay time

p9652 SISS1 delay time

Behavior

* Thedrive brakes the motor due to immediate setting of n_set=0along the OFF3 ramp down
(p1135).

* After detection of standstill, the drive applies the motor holding brake.

* At the end of the holding brake application time (r1217), the drive cancels the pulses.

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
94 Operating Instructions, 09/2022, A5E41702836B AL



Configuring

4.5.2

Overview

Procedure

4.5 Vertical axis

Standstill is detected when the actual speed value is less than the speed threshold (p1226)
or when the monitoring time (p1227) that started when speed setpoint < speed threshold
(p1226) has expired.

The drive activates Switching On Inhibited.

Electronic weight counterbalance for a vertical axis

With a vertical axis without mechanical weight compensation, you can set an electronic weight
compensation.

Proceed as follows to set the electronic counterweight:

1.

Make a note of the necessary offset value when the axis is at standstill:
r0031 (actual torque smoothed)

Set the value from r0031 in p1532 (torque limit offset).

3. Save the change.

To prevent the axis from dropping after the brake is released, specify the torque offset as an
additional torque setpoint (M_ADD) via the supplementary telegram 750.

The supplementary telegram 750 must be configured in the PLC.

As a result, the holding torque is specified when the brake is released.

Note

Due to the specified supplementary torque setpoint via the controller, a switchover of the
supplementary torque is also possible. Thus, when the load is lifted, you can specify a
supplementary torque that is different from the supplementary torque for movement
without a load.

You can find more information on supplementary telegram 750 in section "Supplementary
telegrams (Page 787)".
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4.6 Application examples

4.6 Application examples

You can find SINAMICS application examples on the Internet page "SINAMICS application
examples”.

1. Call the following site in your Internet browser:
SINAMICS application examples (https://www.automation.siemens.com/mc-app/sinamics-
application-examples/Home/Index?language=en)

2. Select the required filter in the search mask.
Example:

The result list is updated every time a filter setting is specified.

You reset individual filters by clicking the X to the right of the filter. You reset all filters
simultaneously by clicking the "Reset filters" button.
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4.7 Establishing communication of the converter with the controller

4.7 Establishing communication of the converter with the controller

To ensure that communication between the PLC and converter is possible, configure the
converter or converters in the PLC, and activate the topology-based initialization. When
powering up, the converter takes the PROFINET device name as well as the IP address from the
PLC.

The converter also imports the telegram settings from the PLC.

The converter supports a standard telegram with 2 supplementary telegrams and a PROFlIsafe
telegram.

The following telegrams are possible:
» Standard telegrams

— Telegram 3

— Telegram 5

— Telegram 102

— Telegram 105

The telegrams are suitable for IRT communication.
Telegrams 3 and 102 are also suitable for RT communication.
IRT communication is mandatory for telegrams 5 and 105.

* Supplementary telegrams
— Telegram 700
— Telegram 701
— Telegram 750
¢ PROFIsafe telegrams
— Telegram 30 (recommended for Safety Integrated Basic Functions)

— Telegram 901 (recommended for Safety Integrated Extended Functions)

More information

¢ Acyclic communication
The converter supports reading and writing parameters via acyclic communication.
The converter can simultaneously establish a total of 8 acyclic connections via the integrated
PROFINET interface.

¢ You can find more information about the telegrams here:
Communication telegrams (Page 785)

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
Operating Instructions, 09/2022, A5E41702836B AL 97



Configuring

4.8 Functions that require a license

4.8

98

Functions that require a license

You require a memory card with a license key for function packages that require a license.

The function packages requiring a license are released by inserting the memory card with the
license key into a converter. The function packages are no longer released if the card is removed
from the converter.

A "Certificate of License" (abbreviated, ColL) belongs to each license key as proof that you own
the license.

Properties of the license key
¢ The license key is permanently assigned to a memory card.

¢ Alicense key cannot be transferred

Assigning a license key to a memory card

The license key can only be assigned to a SINAMICS memory card:

* Memory cards (Page 553)

You have the following options of assigning a license key to a memory card:

* You order a license together with a memory card.
You receive a memory card with the license key and a Certificate of License.

* Proceed as follows if your converter works with a memory card that you wish to assign a
license to:

— You purchase a Certificate of License.

— With the Certificate of License, you generate a license key using the "WEB License
Manager":
WEB License Manager (http://www.siemens.com/automation/license)

— Assign the license key to the memory card:
Using functions that require a license (Page 261)

Note

Refer to your ordering documentation (e.g. catalogs) for information on basic functions and
functions that require a license.

The licenses are saved to folder "KEYS" on the memory card.
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Safety functions integrated in the drive 5

In comparison to standard drive functions, safety functions (Safety Integrated) have an
especially low error rate. Performance Level (PL) and Safety Integrity Level (SIL) of the
corresponding standards are a measure of the error rate.

As a consequence, the safety functions are suitable for use in safety-related applications to
minimize risk. An application is safety-related if the risk analysis of the machine or the system
indicates a special hazard potential in the application.

Safety Integrated ("drive-integrated") means that the safety functions are integrated in the drive
and can be executed without requiring additional external components.

Conformity

The safety functions are in conformance with:

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

e (Category 3 according to DIN EN ISO 13849-1

e Performance level (PL) d according to DIN EN ISO 13849-1

The safety functions correspond to the functions according to DIN EN 61800-5-2.
PFH values

The probability of failure of safety functions must be specified in the form of a PFH value

(Probability of Failure per Hour) according to [EC61508, IEC 62061 and DIN EN 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.

¢ The PFH values of the SINAMICS S210 can be found at:
PFH values (https://support.industry.siemens.com/cs/ww/en/view/76254308)

¢ The PFH values of all Safety components from Siemens are available in the "Safety Evaluation
Tool"; see:
Safety Evaluation Tool (https://new.siemens.com/global/en/products/automation/topic-
areas/safety-integrated/factory-automation/support/tia-safety-evaluation-tool.html)
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Safety functions integrated in the drive

5.1 Basic Functions

5.1

100

Basic Functions

These functions are part of the standard scope of the drive and can be used without requiring
an additional license. The Basic Functions comprise the following functions:

» Safe Torque Off (STO)

e Safe Brake Control (SBC)

» Safe Stop 1 time-controlled (S51-t)

Functions STO and SS1-t are selected via the F-PLC and/or via the failsafe digital input.
e "Safety settings in the web server (Page 232)"

e "Safety settings in Startdrive (Page 296)"

In order to select the functions via the F-PLC, communication via PROFIsafe must be configured
in the F-PLC and in the drive.

You can find details on the settings in the following sections:
» "Configuring safety functions (Page 141)"
e "Establishing communication of the converter with the controller (Page 97)"

The safety functions are executed with a safety monitoring cycle of 4 ms.
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Safety functions integrated in the drive

5.1 Basic Functions

5.1.1 Safe Torque Off (STO)

Overview

Safe Torque Off (STO) is a safety function that
STO immediately ensures that torque or force-gen-
erating energy is not fed to the motor. This
function corresponds to stop category O to
EN 60204-1.

1
: If the motor is still rotating when STO is selec-
: ted, then it coasts down to standstill.

Functional features

The switching on inhibited prevents an automatic restart after deselection of STO and therefore
satisfies the requirements of EN 60204-1. Consequently, the STO function prevents an
electrically-driven machine component from restarting.

Note

There is no galvanic isolation between motor and drive.

You can select the STO function via PROFIsafe and/or the Failsafe Digital Input (F-DI).

Applications

Applications include all machines and systems with moving axes (e.g. conveyor technology,
handling).

STO is suitable for applications where the motor is already at a standstill or will come to a
standstill in a short, safe period of time as a result of friction.

STO allows you to work safely on the machine with the protective door open. A classic
Emergency Stop with electromechanical isolation is not required. The drive remains connected
to the line and can be fully diagnosed.

Note
The distinction between Emergency Off and Emergency Stop

"Emergency Off" and "Emergency Stop" are commands that minimize different risks in the
machine or plant.

The STO function is suitable for implementing an Emergency Stop - but not an Emergency Off.

You can find details on the distinction between Emergency Off and Emergency Stop in the
section "What is the difference between the Emergency Off and Emergency Stop functions?
(Page 824)".
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Safety functions integrated in the drive

5.1 Basic Functions

Flow diagram
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Behavior

1 | During operation, STO is selected via PROFIsafe and/or F-DI.

2 | » After the response time, the drive immediately initiates safe pulse cancellation.
This safely interrupts the torque-generating energy fed to the motor.

¢ The motor coasts down to a standstill.

* STO safely prevents the motor restarting.

3 | * STOis deactivated by the drive with (manual or automatic program-controlled) deselection.

e Thedrive is again "ready for switching on".

4 |+ You restart the drive with a positive signal edge at ON/OFF1.

Settings
A | e STO is selected via the control bit of the selected PROFIsafe telegram or via the F-DI.

B |e The"STO active" status is signaled in the status bit of the PROFlIsafe telegram.
This value can be applied in the higher-level controller.

C | = The Safety Integrated error is acknowledged by selecting/deselecting the STO function. You can
find more information in Chapter "Faults (Page 335)".

Selecting/deselecting "Safe Torque Off"

If "Safe Torque Off" is selected, the motor holding brake is closed (if connected and configured).
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5.1 Basic Functions

Deselecting "Safe Torque Off" represents an internal safety acknowledgment. You can find
additional information in section "Responses to safety faults and alarms (Page 142)".
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Safety functions integrated in the drive

5.1 Basic Functions

5.1.2 Safe Stop 1 (SS1, time-controlled)
Overview
The "Safe Stop 1" function (SS1, time-control-
v SS1 STO led) causes a drive-autonomous deceleration
Tt of the motor and initiates the "Safe Torque Off"

(STO) function after a predefined time interval
has elapsed. This function corresponds to stop
category 1 to EN 60204-1.

NN N\ N\ \ \

Functional features
The Safety Integrated Basic Function "Safe Stop 1" is available in the following versions:
e SS1 with OFF3 (SS1-t according to IEC 61800-5-2)
e SS1 with external stop (SS1E-t)

Set the SS1 response for Safety commissioning in the "Parameterization” step.

Applications
SS1 can be applied in the following cases:

e The load torque cannot reduce the motor to a standstill through friction within a sufficiently
short time.

e Coasting down of the drive (STO) will pose risks to safety.

SS1 with OFF3 (SS1-t)

When SS1-tis selected, the motor speed is reduced along the OFF3 ramp for the duration of the
selected delay time. After the delay time expires, the drive activates the STO function
(independent of the actual speed).

Note

Braking at the OFF3 ramp is not monitored!
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Safety functions integrated in the drive

5.1 Basic Functions

Flow diagram SS1 with OFF3 (SS1-t)
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Behavior
1 | » SS1isselected in operation.
2 | = The drive immediately initiates braking following the response time via the OFF3 ramp.
e At the same time, the drive initiates the SS1 delay time.
3 |+ Thedrive triggers STO once the SS1 delay time has elapsed.
e The motor coasts down to a standstill.
* STO safely prevents the motor restarting.
4 |+ SS1andSTO are deactivated by the drive with (manual or automatic program-controlled) dese-
lection.
e Thedrive is again "ready for switching on".
5 | * You restart the drive with a positive signal edge at ON/OFF1.
Settings
A |« SS1is selected via the control bit of the selected PROFIsafe telegram or via the F-DI.
B | The drive brakes the motor along the OFF3 ramp.
* OncetheSS1delay time (p9652) has expired, the drive automatically triggers STO independently
of the current speed.
C |+ The"SS1_active" status is signaled in the status bit of the PROFIsafe telegram.
e This value can be applied in the higher-level controller.
¢ When STO becomes active, the "SS1_active" status is also signaled in the status bit of the PRO-
Flsafe telegram.
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Safety functions integrated in the drive

5.1 Basic Functions

SS1 with external stop (SS1E-t)

If several drives are connected with one another through a material web, then braking initiated
by a single drive at the related OFF3 ramp can damage the machine or system.

When the safety function SS1E-t is used, the drive is shut down using the user program of a
higher-level control system. Although the safe delay time is activated when SS1E-t is selected,
OFF3 is not activated. Using an appropriate program, the control must then ramp down the
drives involved within the delay time to the safe state. After the delay time has elapsed, the drive
activates the STO function and safely interrupts the energy feed to the motor (independent of

the actual speed).

In Startdrive, select this function from the drop-down list "SI SS1 drive based braking response”.

Flow diagram, SS1 with external stop (SS1E-t)
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Behavior

1 |« SS1isselected in operation.

2 |

The control system initiates stopping using the setpoint that is entered.

e At the same time, the drive initiates the SS1 delay time.

¢ The motor coasts down to a standstill.

The drive triggers STO once the SS1 delay time has elapsed.

* The pulse inhibit safely prevents the motor restarting.

lection.

e Thedrive is again "ready for switching on".

SS1 and STO are deactivated by the drive with (manual or automatic program-controlled) dese-

You restart the drive with a positive signal edge at ON/OFF1.
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Safety functions integrated in the drive

5.1 Basic Functions

Settings
A |+ Touse SS1E, set the braking response (p9507.3 = 1) to "SS1E external stop".

* SS1is selected via the control bit of the selected PROFIsafe telegram or via the F-DI.

B |+ The motor is braked by the external setpoint that is entered.

e Oncethe SS1 delay time (p9652) has expired, the drive automatically triggers STO independent
of the actual speed.

C | » The"SS1_active" status is signaled in the status bit of the PROFIsafe telegram.
¢ This value can be applied in the higher-level controller.

¢ When STO becomes active, the "SS1_active" status is also signaled in the status bit of the PRO-
Flsafe telegram.

Note
SS1 cannot be interrupted

e |IfSS1is deselected again during this time, the STO function is selected and deselected again
by the drive immediately after the delay time has elapsed or the speed has dropped below the
shutdown speed. This terminates the SS1 function normally. It cannot be interrupted.

* During the delay time, SS1 cannot be deselected by withdrawing the control command,
therefore fulfilling the requirements of EN 60204-1 relating to an Emergency Stop function.

Setting the delay time for SS1

Select the SS1 delay time so that the drive can travel the complete OFF3 ramp, and close any
motor holding brake before the torque is safely switched off.

The OFF3 ramp-down time must be orientated to the actual braking capacity of the system or
machine.

Use the following procedure to select the SS1 delay time:

¢ SS1 delay time with parameterized motor holding brake
SS1 delay time (p9652) = OFF3 ramp-down time (p1135) + pulse cancellation delay time
(p1228) + motor holding brake closing time (r1217)

e SS1 delay time, without parameterized motor holding brake:
SS1 delay time (p9652) = OFF3 ramp-down time (p1135) + pulse cancellation delay time
(p1228)

Parameterize the Emergency Stop function using the "SI SS1 delay time":
e SS1 delay time = 0 - STO (stop category 0 according to EN 60204-1)
e SS1 delay time # 0 - SS1 (stop category 1 according to EN 60204-1)
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Safety functions integrated in the drive

5.1 Basic Functions

5.1.3 Safe Brake Control (SBC)

Overview
. The "Safe Brake Control" function (SBC) is used

v | STO to safely control the motor-integrated holding

! brake, which operates according to the closed-
NN circuit principle.
N
‘N sBC
Iimm—

Functional features

Applications

108

You must enable the function when commissioning in order that SBC can become active.

Note

You cannot select SBC as an autonomous function: SBC is activated (if enabled) immediately
upon selection of STO.

Use SBC in applications where the drive must maintain a safe position, even when the motor is
ina no-current condition. SBC thus prevents suspended or passing loads from dropping (e.g. for
lifting gear, passenger elevators, winders). No external logic or switching elements required, as
the functionality is completely integrated in the drive.

Note
Condition of the motor holding brake

SBC is not able to identify as to whether a holding brake is mechanically worn or is a defective.

As a consequence, observe the maximum permissible number of emergency braking operations
for the motor holding brake being used.
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Flow diagram

Motor holding brake open

5.1 Basic Functions
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Behavior

1

STO is selected in operation.
At the same time, the drive activates SBC.

Taking the brake closing time into account, the command to close the motor holding brake closes
the brake, thus supporting the shutdown process initiated by STO.

The mechanical brake brakes the motor to a standstill.

STO is deactivated by the drive with (manual or automatic program-controlled) deselection.
The drive is again "ready for switching on".

SBC is also simultaneously deactivated with deselection of STO. The brake remains (unsafely)
closed, however, until the standard program executes the command to open the brake

You restart the drive with a positive signal edge at ON/OFF1.
Taking the brake opening time into account, the command to open the brake opens the brake.

Settings

A

STO is selected via the control bit of the selected PROFIsafe telegram or via the F-DI.
The drive activates SBC when the safe brake control is enabled (p9602 = 1).
The drive triggers SBC simultaneously with STO.

Brake management is resulted within the context of standard parameterization of the drive.

The drive adopts a controlling function for the "Safe Brake Control" function and ensures the
following behavior:

If the drive detects a fault or failure of the brake, it deactivates the brake current.

The brake closes and a safe state is reached.
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Safety functions integrated in the drive

5.1 Basic Functions

/\ WARNING

Danger to life as a result of undesirable motor motion due to a defective brake
"Safe Brake Control" function does not detect mechanical defects of the brake.

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

The defects described above may initiate unwanted motor motion, which may result in injury
or death.

¢ In particular, ensure the brake is not powered from an external source. Information on this
topic can be found in EN 61800-5-2:2007, Appendix D.

¢ During commissioning, test the brake using the Safety Integrated Extended Function "Safe
Brake Test (SBT)":
You can find more information in Chapter "Safe Brake Test (SBT) (Page 134)".
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Safety functions integrated in the drive
5.2 Extended Functions

5.2 Extended Functions

The Extended Functions are not included in the standard scope of the converter.

You need a license to be able to use the Extended Functions. With a license, you can use all of
the Extended Functions of the converter. You require a license for each converter.

You can find details on the licenses in the section:

e "Using functions that require a license (Page 261)"

Overview of the Extended Functions
» Safe Torque Off (STO)

e Safe Stop 1 (S51)

e Safe Brake Control (SBC)

» Safe Operating Stop (SOS)

e Safe Stop 2 (552)

o Safely-Limited Speed (SLS)

e Safe Speed Monitor (SSM)

* Safe Direction (SDI)

o Safely-Limited Acceleration (SLA)

» Safe Brake Test (SBT) diagnostic function

You select Extended Functions via the F-PLC. You can also select the STO or SS1 functions via the
failsafe digital input.

e "Safety settings in the web server (Page 232)"
e "Safety settings in Startdrive (Page 296)"

In order to be able to select the functions via the F-PLC, the communication must be configured
in the F-PLC via PROFlsafe.

You can find details on the settings in the sections:
* "Configuring safety functions (Page 141)"
e "Establishing communication of the converter with the controller (Page 97)"

The safety functions are executed with a safety monitoring cycle of 4 ms.
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5.2.1 Safe Torque Off (STO)

The response of STO is identical with Basic and Extended Functions: See Chapter "Safe Torque
Off (STO) (Page 101)"

5.2.2 Safe Brake Control (SBC)

The response of SBC is identical with Basic and Extended Functions: See Chapter "Safe Brake
Control (SBC) (Page 108)"

5.2.3 Safe Stop 1 (SS1)
| — The "Safe Stop 1" function (SS1, time-control-
v SS1 STO led) causes a drive-autonomous deceleration
i of the motor and initiates the "Safe Torque Off"
P —

(STO) function after a predefined time interval
has elapsed. This function corresponds to stop
category 1 to EN 60204-1.

NN\ \\ \ \

Functional features
The Safety Integrated Extended Function "Safe Stop 1" is available in the following versions:
e SS1-a with acceleration monitoring (SAM)
e SS1-rwith braking ramp monitoring (SBR)
* Additionally, SS1 can be parameterized with a delay time before activation of STO.

Set the SS1 response for Safety commissioning in the "Parameterization” step.

Note
Braking operation for SS1
When SS1 is selected, the drive brakes the motor along a braking ramp. In addition to the braking

function along the OFF3 ramp integrated in the drive, you can also stop the drive using a user
program in a higher-level control system (function SS1E).
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Applications

SS1 can be applied in the following cases:

5.2 Extended Functions

The load torque does not reduce the motor to a standstill through friction within a
sufficiently short time.

Coasting down of the drive (STO) will pose risks to safety.

5.2.3.1 Safe Stop 1 with acceleration monitoring (5S1-a)

Flow diagram
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Behavior
1 | SS1isselected in operation.
2 | = The drive immediately initiates braking following the response time via the OFF3 ramp.
e At the same time, safe acceleration monitoring (SAM) is activated.
¢ The drive monitors the speed of the motor and prevents the motor from re-accelerating by
continuously adjusting the monitoring threshold to the decreasing speed.
3 |« STOistriggered upon reaching the STO shutdown speed or once the SS1 delay time has elapsed.
¢ The motor coasts down to a standstill.
e STO safely prevents the motor restarting.
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5.2 Extended Functions

114

STO and SS1 are deactivated by the drive with (manual or automatic program-controlled) dese-
lection.

The drive is again "ready for switching on".

You restart the drive with a positive signal edge at ON/OFF1.

Settings

A

SS1 is selected via the control bit of the selected PROFIsafe telegram or via the F-DI.

B

You set the acceleration monitoring with the speed tolerance (p9548).

As long as the speed reduces, the drive continuously adds the speed tolerance to the current
speed so that the monitoring tracks the speed.

The monitoring is deactivated when the SAM speed limit is fallen below (p9568).

In parallel to monitoring the acceleration, while braking along the OFF3 ramp you can apply the
SS1 delay time (p9556). You set this time analogous to the SS1-t delay time of the Basic Func-
tions. Once this time has expired, the drive automatically triggers STO independently of the
current speed.

When the SS1 delay time (p9556) elapses OR if the speed falls below the STO shutdown speed
(p9560), then the drive triggers STO.

The "SS1_active" status is signaled in the status bit of the PROFIsafe telegram.
You can utilize this status in the higher-level controller.

If STO is active, the "STO_active" status is also signaled in the corresponding status bit of the
PROFlsafe telegram.
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5.2 Extended Functions

5.2.3.2 Safe Stop 1 with braking ramp monitoring (S51-r)

Flow diagram
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Behavior
1 |« SS1isselected in operation.
2 |« The drive immediately initiates braking following the response time via the OFF3 ramp.
¢ At the same time, the drive initiates the SBR delay time.
3 | = The drive monitors the motor to ensure that it does not exceed the set braking ramp when
braking.
¢ Uponreachingthe SBRspeed limit, the drive deactivates monitoring of the braking ramp. Braking
continues.
4 |« STOis triggered by the drive when the STO shutdown speed is reached or when the SS1 delay
time has elapsed.
* The motor coasts down to a standstill.
¢ The drive safely prevents a restart of the motor with the pulse inhibit.
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5 | e STOand SS1 are deactivated by the drive with (manual or automatic program-controlled) dese-
lection.

e Thedrive is again "ready for switching on".

6 | ¢ You restart the drive with a positive signal edge at ON/OFF1.

Settings

A | e SS1is selected via the control bit of the selected PROFIsafe telegram or via the F-DI.

B |« Thedrive initiates the SBR delay time (p9582) with selection of SS51.

* Monitoring of the braking ramp is initiated by the drive when the delay time has elapsed.

C | = You set the braking ramp with the reference speed (p9581) and the SBR monitoring time

(p9583).
¢ The drive deactivates monitoring of the braking ramp if speed falls below the SBR speed limit
(p9568).

D |+ Inparallelto monitoring the braking ramp, while braking along the OFF3 ramp, you can apply the
SS1 delay time (p9556). When this time elapses, the drive automatically triggers STO independ-
ently of the current speed.

E | * When the SS1 delay time (p9556) elapses OR if the speed falls below the STO shutdown speed
(p9560), then the drive triggers STO.

F | » Thedrive signals the "SS1_active" status in the status bit of the PROFIsafe telegram.

¢ You can utilize this status in the higher-level controller.
e [fSTOisactive, thedrive also signals the "STO_active" status in the corresponding status bit of the
PROFIsafe telegram.

Safe Stop 2 (SS2)

SOS

G_D211_XX_00306

|

The SS2 function brings the motor to a standstill with subsequent safe monitoring of the
standstill position. When SS2-r is selected, the drive brakes the motor along a braking ramp. In
addition to the braking function along the OFF3 ramp integrated in the drive, you can also stop
the drive using a user program in a higher-level control system (function SS2E).

SS2 distinguishes the following variants:

SS2-a with acceleration monitoring (SAM)
SS2-r with braking ramp monitoring (SBR)

Additionally, SS2 can be parameterized with a delay time before activation of SOS.
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Selection and monitoring of the acceleration (SAM) and the braking ramp (SBR) are realized with
two channels. Braking with the OFF3 ramp is realized with one channel.

Interruption of the ramp function with OFF2

Activating SS2 can mean that the higher-level controller (PLC, motion controller) which
specifies the speed setpoint, interrupts the ramp function (e.g. with OFF2). The device behaves
in this way as a result of a fault response triggered by OFF3 activation. This fault reaction must
be prevented by way of appropriate parameterization/configuration.

Note

If you are using a higher-level motion controller, then for SLS, SDI and SLA, you must apply stop
response STO when a limit value is violated.

Reason: With safety function SS2-r/SS2-a, SINAMICS S210 brakes autonomously along the OFF3
ramp. The motion controller detects a deviation between target value and actual value and shifts
the drive to pulse cancellation.

Applications

Use the SS2 for applications where an axis must be safely stopped and where the standstill
position must then be safely monitored. Following deselection of SS2, you can continue
traversing the axis without reference point approach.
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5.2 Extended Functions

5.2.4.1

Flow diagram
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SS2 with acceleration monitoring (SS2-a)
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Speed
SAMe
SAM speed limit e Fault response
SOS o
Standstill e SOS
tolerance
@ <1>
SS2 active @
SAM active
SOS active G
<1> SS2 delay time
Behavior
1 | » SS2isselected during operation.
2 | = The drive immediately initiates braking following the response time via the OFF3 ramp.
e At the same time, the drive activates safe acceleration monitoring (SAM).
The drive monitors the speed of the motor and prevents the motor from re-accelerating by
continuously adjusting the monitoring threshold to the decreasing speed.
3 |+ SOSistriggered once the SS2 delay time has elapsed. The SS2 delay time set must allow the drive
to brake to a standstill from every speed of the operating process within this time.
e Thedrive safely monitors standstill of the motor with the safety function SOS. The motor remains
in control mode.
4 |+ SS2and SOS are deactivated by the drive with (manual or automatic program-controlled) dese-
lection.
¢ You can immediately continue traversing the axis from the standstill position.
Settings
A |« SS2isselected via the control bit of the selected PROFIsafe telegram.
B | » The acceleration monitoring SAM is set with the speed tolerance (p9548).
¢ SINAMICS S210 monitors the change in speed between 2 safety monitoring cycles to ensure that
it does not exceed the speed tolerance (p9548). The monitoring is deactivated when the SAM
speed limit is fallen below (p9568).
C |« Standstillis safely monitored (SOS becomes active) once the SS2 delay time (p9552) has elapsed.

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
Operating Instructions, 09/2022, A5E41702836B AL



Safety functions integrated in the drive

5.2 Extended Functions

D | Thedriveisin control mode and monitors the standstill tolerance (p9530).

E |« If the standstill tolerance is violated, the drive executes SS1 as a stop reaction with subsequent
transition to STO.

F |+ The"SS2 active" status is signaled in the status bit of the PROFIsafe telegram.
* You can utilize this status in the higher-level controller.

¢ IfSOSisactive, thedrive also signals "SOS_active" in the corresponding status bit of the PROFIsafe
telegram.
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5.2 Extended Functions

5.24.2

Flow diagram
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SS2 with braking ramp monitoring (SS2-r)

Deselect SS2 o

Speed

Reference
speed

SBR velocity limit 9 0 G

Fault response

g (5] © - (5]
SBR delay time o sos
<1>
<2>
SS2 active (D)
SBR active
SOS active
<1> SBR monitoring time
<2> SS2 delay time
<3> Standstill tolerance
Behavior
1 | e SS2isselected during operation.
2 |+ Thedriveimmediately initiates braking following the response time via the OFF3 ramp. The SBR
delay time is initiated at the same time.
3 |« The drive monitors the motor to ensure that it does not exceed the set braking ramp when
braking.
e Upon reaching the SBR speed limit, monitoring of the braking ramp is deactivated. Braking
continues.
4 |+ SOSistriggered once the SS2 delay time has elapsed.
¢ The SS2 delay time set must allow the drive to brake to a standstill from every speed of the
operating process within this time.
e Standstill of the motor is safely monitored with SOS. The motor remains in control mode.
5 | e SS2and SOS are deactivated with (manual or automatic program-controlled) deselection.
* You can immediately continue traversing the axis from the standstill position.
Settings
A |« SS2isselected via the control bit of the selected PROFIsafe telegram.
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5.25

Applications

5.2 Extended Functions

The SBR delay time (p9582) is initiated with selection of SS2. Monitoring of the braking ramp is
initiated once the delay time has elapsed.

You set the braking ramp with the reference speed (p9581) and the SBR monitoring time
(p9583).

The drive deactivates monitoring of the braking ramp if speed falls below the SBR speed limit
(p9568).

Standstill is safely monitored (SOS becomes active) once the SS2 delay time (p9552) has elapsed.

The drive is in control mode and monitors the standstill tolerance (p9530).

If the standstill tolerance is violated, then the drive responds with SS1 and then transitions into
STO.

The "SS2_active" status is signaled in the status bit of the PROFIsafe telegram.
This value can be applied in the higher-level controller.

If SOS is active, the "SOS_active" status is also signaled in the corresponding status bit of the
PROFIsafe telegram.

Safe Operating Stop (SOS)

When SOS is selected, the drive safely moni-
tors the drive position for standstill. The drive
is in the closed-loop control mode, and can
therefore withstand external forces.

After SOS has been selected it becomes active after the parameterizable delay time has expired.
The drive must be braked to standstill within this delay time, e.g. by the controller.

SOS is suitable for the following applications:
Machine parts must be safely monitored that they actually are at a standstill.

A holding torque is required.

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
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Flow diagram

Deselect SOS o G

Speed
Standstill e Q
tolerance Fault response o
e SOS
e t
SOS
SOS delay time
SOS active
e t
Behavior

1 | » SOSisselected during operation.

2 | = The control system initiates stopping using the setpoint that is entered.

* At the same time, the drive initiates the SOS delay time.

3 |« SOSis triggered when the SOS delay time elapses.

e The SOS delay time set must allow the drive to brake to a standstill from every speed of the
operating process within this time.

¢ The motor is then safely monitored in the standstill position.

4 |+ SOSisdeactivated by the drive with (manual or automatic program-controlled) deselection.

* You can immediately continue traversing the axis from the standstill position.

Settings

A |« SOSis selected via the control bit of the selected PROFIsafe telegram.

B |« Thedrive is braked by external setpoint value specification.

e SOS becomes active when the SOS delay time (p9551) has elapsed.

e Thedrive is in control mode and monitors the standstill tolerance (p9530).

¢ If the standstill tolerance is violated, then the drive responds with SS1 and then transitions into
STO.

E |+ The"SOS active" status is signaled in the status bit of the PROFIsafe telegram.

* You can utilize this status in the higher-level controller.

F |+ Monitoring of the position window is concluded with "Deselect SOS" via the control bit of the
selected PROFIsafe telegram.

e The drive may be operated freely.

Contrary to SS1 and SS2, SOS does not automatically brake the drive.
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5.2.6

Applications

5.2 Extended Functions

The control still enters the setpoint.

The response to "Deselect SOS" in the user program of the control must ensure that the control
brings the drive to a standstill within the delay time.

/\ WARNING

Drive can be forced out of the SOS position by mechanical forces

A drive under position control can be forced out of the "Safe Operating Stop" (SOS) position by
mechanical forces that are greater than the maximum torque of the drive. This unwanted drive
movement then triggers a Category 1 Stop function according to EN 60204-1 (fault response
function SS1). The alarms for SS1 and STO must be observed.

e |f thereis a hazard due to unwanted motion in your application, take measures to counter
it, for example, by using a brake with safe monitoring. You can find additional information
in section "Safe Brake Control (SBC) (Page 108)".

Note
Size of the tolerance window

The size of the tolerance window must be adapted to the respective application, otherwise the
standard monitoring functions will no longer be effective.

Safely-Limited Speed (SLS)

The drive with active SLS function monitors

v l : SLS speed/velocity of the motor to ensure that it
AN : does not exceed the speed/velocity threshold
I valid for the SLS (SLS monitoring).
N :
AN NNNNNNNY

t

The SLS function prevents the parameterized maximum velocity from being exceeded. If the
permitted speed is exceeded, then the drive initiates a parameterizable stop response. It is
possible to switch between 4 different limit value levels in operation. Additionally, you can
specify variable limit values during operation via PROFlsafe.

SLS is suitable for machines susceptible to hazardous situations if a speed is exceeded and
wherever work must be performed directly on a machine, for example:

* During operation
* In setup mode

¢ For maintenance work
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5.2.6.1 SLS with a speed level

Flow diagram

Deselect SLS

Speed

9 Fault response

SLS e

SLS limit value

Setpoint speed limit

SLS delay time

(5]

SLS active

©

Behavior

1 |+ SLSis selected during operation. The speed is higher than the SLS limit value.
e Thedrive initiates the SLS delay time.

2 | The actual speed must remain below the SLS limit value until the SLS delay time has elapsed.

¢ Monitoring becomes effective once the SLS delay time has elapsed (e.g. in the "Setup” operating
mode).

3 |« SLSis deactivated by the drive with (manual or automatic program-controlled) deselection.

* You can continue traversing the axis immediately with greater setpoints (e.g. changing over to
"Automatic" mode).

Settings

A | SLSis selected via the control bit of the selected PROFIsafe telegram.

B |« Thedrive is braked by external setpoint value specification.

e Monitoring of the SLS limit value (level 1 =p9531[0]) becomes effective once the SLS delay time
(p9551) has elapsed.

e If the SLS limit value is violated, the drive executes the set stop reaction (level 1 = p9563[0]).

e The drive signals the "SLS active" status in the status bit of the PROFIsafe telegram.

* You can utilize this status in the higher-level controller.

E | Thedrive ends monitoring of the SLS limit value with deselection of SLS via the control bit of the
selected PROFIsafe telegram.

¢ The drive may be operated freely.
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5.2.6.2

Flow diagram

SLS deselected @

SLS limit value

5.2 Extended Functions

SLS with switchover of speed levels

Stage 1 e

PROFIsafe
control word Stage 2

Speed “

@ SLS (level 1)

level 1
Fault response
SLS limit value (5] sLs
level 2 (evel2) @

Setpoint speed limit

<1> <1>

(5 (F
Stage 1
(D Q

SLS active

PROFIsafe

t 2
control word Stage

<1> SLS delay time

Behavior
1 |« SLSlevel 1isselected during operation. The speed is higher than the SLS limit value.
e The drive initiates the SLS delay time.
2 |+ The actual speed must remain below the SLS limit value level 1 until the SLS delay time has
elapsed.
* Monitoring of level 1 becomes active once the SLS delay time has elapsed.
3 |« The SLS limit value level 1 can be evaluated with the relative setpoint speed limit and made
available as a setpoint limit.
4 |+ Switchover to SLS level 2 is initiated subsequently in the process.
¢ When changing over to a lower limit value, the SLS delay time is (re)started.
¢ The actual speed must remain below the SLS limit value level 2 until this delay time has elapsed.
e The existing limit remains active during the delay time.
¢ The lower limit value becomes active and monitoring of SLS level 2 becomes effective once the
SLS delay time has elapsed.
6 | SLSis deactivated by the drive with (manual or automatic program-controlled) deselection.
* You can continue traversing the axis immediately with greater setpoints (e.g. changing over to
"Automatic" mode).
Settings
A |+ SLS(level 1) is selected via the control bit of the selected PROFIsafe telegram.
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5.2 Extended Functions

The drive is braked by external setpoint value specification.

The SLS limit value (level 1 = p9531[0]) is monitored once the SLS delay time (p9551) has
elapsed.

If the SLS limit value (level 1) is violated, the drive executes the set stop response (lev-
el 1 =p9563[0]).

The drive signals the "SLS active (level 1)" status in the status bit of the PROFlIsafe telegram.
You can utilize this status in the higher-level controller.

Switchover to SLS (level 2) is performed via the control bit of the selected PROFIsafe telegram.

The drive is braked by external setpoint value specification.

Monitoring of the SLS limit value (level 2 = p9531[1]) becomes effective once the delay time for
SLS switchover = SLS delay time (p9551) has elapsed.

If the SLS limit value (level 2) is violated, the drive executes the set stop response (lev-
el 2 =p9563[1]).

The SLS active (level 1 and level 2) statuses are signaled in the status bits of the PROFIsafe
telegram.

You can utilize these values in the higher-level controller.

The drive ends monitoring of the SLS limit value with deselection of SLS (level 2) via the control
bit of the selected PROFIsafe telegram.

The drive may be operated freely.
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5.2 Extended Functions

5.2.6.3 SLS with variable speed limit value

SINAMICS offers the option of influencing the first SLS limit value via PROFlIsafe:

The transfer of the first SLS limit value via PROFlsafe is active if the speed level 1 in the
PROFlsafe telegram is selected and the bit "Enable transfer SLS limit value via PROFIsafe"
(p9501.24) is set.

S _SLS_LIMIT_A has the value range 1 ... 32767; the following applies:
— 32767 2 100% of the 1st SLS level

— The actually monitored limit value is calculated as follows:
SLS limit value = (S_SLS_LIMIT_A/32767) - p9531[0]

Speed levels 2, 3 and 4 can also be parameterized and selected in this case.

The selected delay time cannot be changed during operation. If you require various delay
times in your application, then you must realize this requirement using a time-delayed
transfer of the SLS limit value using your control system (F-CPU).

If an incorrect SLS limit value is transferred, the drive responds with the stop response
parameterized in p9563 for speed level 1 and Safety alarm A01711.
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5.2.6.4 Additional functional features

Setpoint speed limit and SLS

It makes sense to configure the set velocity limit if SLS is also parameterized. This configuration
is realized, for example in a higher-level control that evaluates the Safety Info Channel.

In parameter "SI Motion SLS setpoint speed limiting" (p9533) enter the weighting factor to

determine the setpoint limit from the selected actual speed limit in percent. The active limit
value is evaluated using this factor, and is made available as "Setpoint speed limit effective”
(r9733).

e r9733[0] = p9531[x] - p9533 (converted from the load to the motor side)

e 19733[1] =-p9531[x] - p9533 (converted from the load to the motor side)
[x] = selected SLS stage

Conversion factor from the motor to the load side:
* Motor type = rotary and axis type = linear: p9522/(p9521 - p9520)
* Otherwise: p9522/p9521

SLS limit value

r9733[0] = p9531[x] - p9533

r9733[1] =-p9531[x] - p9533
[x] = selected SLS limit value

"Setpoint speed limit effective" r9733 is used, for example, for transferring 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).

Toggling between SLS limit values

The changeover is performed binary-coded via 2 PROFIsafe control bits. The speed selection
statuses can be checked using parameters "Select SLS bit 0" and "Select SLS bit 1" (r9720.9 and
r9720.10). The actual speed limit value is indicated using parameters "Active SLS level bit 0" and
“Active SLS level bit 1" (r9722.9 and r9722.10), "SLS active" (r9722.4) must be a "1".

Switchover to another stage may also be performed with time delay. This corresponds to the
processes from "SLS with one speed level" with a different respective SLS stage.

When changing over from a lower to a higher limit value, the delay time is not effective: The
higher limit value immediately becomes active.

Response in the event of a communication error

If the "Stop response delay bus failure" (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 reaction with delayed pulse suppression when the bus fails has been parameterized
(p9563[0...3] = 10).
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5.2 Extended Functions

5.2.7 Safe Speed Monitor (SSM)

The Safe Speed Monitor function is used for
safely identifying when a speed limit is fallen
below in both directions of rotation, e.g. to
identify zero speed.

The drive provides a safe output signal for
further processing.

Applications

SSM is suitable for the realization of enabling access to the machine by way of safe SSM
feedback. For example, to ensure that protective doors can only be unlocked when the critical
speeds fall below those specified.

Flow diagram

SSM active
Speed

(5) SSM
Hysteresis
(1) (2]

Velocity limit

Negative speed limit Hysteresis

e SSM

Speed below the limit

value

Speed

A Without filter SSM - with filter @
Velocity limit

Speed below the limit
value

Behavior
1 | » Function SSM is enabled with p9501.16.

e If the speed falls below the speed limit, the "Speed below limit value” signal is set.

e If the speed is greater than the limit, the "Speed below limit value" is not set.
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5.2 Extended Functions

2 | = The parameterizable hysteresis ensures that a stable signal characteristic is achieved for speeds
close to the monitoring threshold: This ensures that the SSM output signal does not jump be-
tween the values "0" and "1" in the limit range.

¢ 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.

3 | = The signal filter smoothes the speed measured by the drive.

Use the filter if you wish to monitor speeds that lie just below the speed limit.
Settings
A | = The function is activated automatically as soon as the Safety Integrated Extended Functions
(p9501.0 = 1) are enabled - and the enable for SSM with hysteresis and filtering is set
(p9501.16 = 1).
B |+ Thespeedlimit(p9546)is effective in both directions of rotation. The SSM function is deactivated
with the setting speed limit = 0.
C |« The speed hysteresis (p9547) stabilizes the output signal speed below limit value.
e The speed hysteresis must be < 0.75 - speed limit.

D |+ The"Speed below limit value" status is signaled in the status bit of the PROFIsafe telegram.
* You can utilize this status in the higher-level controller.

E |+ You setthe response with the filter time (p9545).

SSM is a pure signaling function

Contrary to other drive-autonomous safety functions, a violation of the SSM limit does not result
in a stop response.

Relationship between SSM and SAM

If Ois entered for p9568 (SAM shutdown threshold), the speed limit of the SSM function (p9546)
is simultaneously the lower limit for the Safe Acceleration Monitor function (SAM).

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

5.2.8 Safe Direction (SDI)

130

The drive with active SDI function monitors
the motor's direction of rotation. If the motor
rotates in the impermissible direction, the

drive stops the motor as quickly as possible.
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Applications

5.2 Extended Functions

SDI is suitable for the following cases:

Flow diagram

Machines on which cyclic material must be loaded and removed

For protection against impermissible direction of rotation

A
SDI deselection (A O—
pt
Speed A | \
I |
| I
Tolerance |
- ERw
] ] >t
Direction of w ———————— [ _\J_ _ X —_»
i { | |
rqtat!on SDI delay time Fault response
monitoring o | @ \
A e e * ‘
SDI active |—I_

Behavior
1 | SDIisselected during operation.
¢ Thedrive initiates the SDI delay time.
2 |« You must actuate the drive in the enabled safe direction until the SDI delay time has elapsed.
* Monitoring of the direction of rotation becomes effective once the SDI delay time has elapsed.
3 | » SDlis deactivated by the drive with (manual or automatic program-controlled) deselection.
* You can traverse the axis immediately in both directions of rotation.
Settings
A |+ "Select SDI"is performed via the control bits of the selected PROFlIsafe telegram.
B |+ Thedriveis operated in the enabled direction via external setpoint specification.
¢ Monitoring of the direction of rotation becomes effective once the SDI delay time (p9565) has
elapsed.
C | = Monitoring takes the tolerance (p9564) into account.
* The drive reports the status "SDI active" in the status bit of the PROFlIsafe telegram.
¢ You can utilize this status in the higher-level controller.
E |+ Thedrive ends monitoring of the direction of rotation with "Deselect SDI" via the control bit of the
selected PROFlIsafe telegram.
* You can traverse the axis immediately in both directions of rotation.
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No detection of a change in direction by means of p1821

If the direction of rotation is reversed using p1821 (direction of rotation), then safe monitoring
is still possible: However, in this case, the setpoint limitation r9733 is calculated with the wrong
direction of rotation. A reversal of the direction of rotation with p1821 is therefore not practical.

Response to bus failure

If p9580 =+ 0 and SDI is active, in the event of a communication failure, the parameterized ESR
reaction only occurs if a stop response with delayed pulse suppression when the bus fails has
been parameterized as the SDI response (p9566[0...3] = 10).

5.29 Safely-Limited Acceleration (SLA)
! "The SLA function prevents the
a motor from exceeding the de-
SLA . fined acceleration limit."
1 / \ : t —»
1 \_/_;
ANV VULV VLU LRV

Applications

SLA is suitable for machines for which the permissible acceleration may not be exceeded, for
example in setup mode.
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Flow diagram

5.2 Extended Functions
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Behavior
1 | SLAis selected during operation.
e Thedrive initiates acceleration monitoring.
* The drive signals the "SLA active" status in the status bit of the PROFIsafe telegram.
You can utilize this status in the higher-level controller.
2 |+ When accelerating, the drive monitors to ensure that the defined acceleration limit is not excee-
ded.
3 |« |If SLAdetects that the acceleration limit has been violated, the drive initiates the configured stop
response.
4 |+ SLAisdeactivated with (manual or automatic program-controlled) deselection.
» If you deactivate SLA with "Deselect SLA" = 1 in the Profisafe telegram, then the drive responds
by withdrawing the "SLA active" (= 0) signal.
* You can traverse the axis immediately in both directions of rotation.
Settings
A | « Define the maximum permissible acceleration with the acceleration limit (p9578).
B |+ Select SLA via a control bit of the PROFIsafe telegram.
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5.2 Extended Functions

5.2.10 Safe Brake Test (SBT)
The diagnostic function "Safe Brake Test"
SBT (SBT) checks the required holding torque of a
motor holding brake.
M.s 4 This diagnostic function exceeds the scope

of EN 61800-5-2.

N

w !

The drive purposely generates a force/torque against the applied brake. If the brake is operating
correctly, the axis movement remains within a parameterized tolerance. However, if the drive
determines higher axis motion, then this indicates that the braking force or the braking torque
has diminished. In this case, you must service the brake.

Applications

In conjunction with Safe Brake Control (SBC), SBT is suitable forimplementing a "safe brake". This
allows errors or wear to be detected in the brake mechanics. Automatic testing of the braking
effect reduces maintenance costs and increases safety and availability of the machine or plant.

Flow diagram
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5.2 Extended Functions

Behavior

1 | * Youselect SBT in operation and with the brake open.

e The drive initializes SBT and determines the load torque.

e Thedrive initiates the brake test.

2 | = Thedrive establishes the test torque according to the ramp time against the closed brake. During
the test, the drive maintains the test torque according to the load torque that has been deter-
mined, and monitors the position of the axis.

e After the test time has elapsed, the drive reduces the test torque down to zero within the ramp
time.

e If the brake is functioning correctly, motion of the axis remains within a defined tolerance.
However, if a larger axis movement is identified from the encoder actual values, the brake is not
in a position to provide the specified holding torque.

— Service or replace the brake.

3 |+ With the (manual or automatic program-controlled) deselection, the drive deactivates the SBT.

e The end and the results of the SBT are indicated in the status bits of the Safety Control Channel
(SCO).

¢ Depending on the result of the SBT, the automation program can initiate the next step.

Settings

A |+ SBTis selected and started via the control bits of the SCC - in PROFIdrive telegram 701.

The SBT function is thus controlled directly from a higher-level controller.

B |+ Parameterize the following variables before starting SBT:

— Ramp time (p10208[0])

— Holding torque (p10209[0])

— Test torque = Factor (p10210[0])
— Test duration (p10211[0])

C | » Define the maximum permissible axis motion during the SBT with the position tolerance
(p10212[0]).

D |+ Thedrive signals status "SBT active" in the status bit of the Safety Info Channel (SIC).

e You can utilize this status in the higher-level controller.

E |« Afterthe SBT, the drive withdraws status bit "SBT active" and signals that the SBT has been exited.
The drive is in closed-loop control with n = 0 and the brake open.
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Starting SBT
1. Enable

— Selection via fieldbus (SCC)
Selection of brake test sequence with 0/1 edge in S_STW3B.0

Note
Observe sequence

With selection via fieldbus (SCC, S_STW3B.0), the sequence of steps 2 to 5 described as
follows must be observed.

2. Wait for the following feedback: r10231[0] = 1

3. Select brake and test sequence.
Decide upon the following before initiating the brake test sequence:

— Brake to be tested S_STW3B.2
— Positive or negative direction of the test torque S_STW3B.3
— Brake test sequence 1 or 2S_STW3B.4

4. Start brake test
Start the brake test sequence in S_STW3B.1.

5. Exit brake test
— Withdraw the "Start brake test"in S_STW3B.1.
— Withdraw "Select brake test" in S_STW3B.0.
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5.2.11 Safe Acceleration Monitor (SAM)

The "Safe Acceleration Monitor" (SAM) function is used for safe monitoring of braking. The Safe
Acceleration Monitor function is applied to monitor braking for functions S51 and SS2 (selected
directly or as a response to a limit value violation).

* Aslong as the speed reduces, the drive continuously adds the adjustable speed tolerance to
the current speed so that the monitoring tracks the speed.

* Arenewed acceleration, i.e. an increase in speed by more than the speed tolerance (p9548),
will trigger the limit violation function.

* Thedrive continues to reduce the monitoring limitin accordance with the current speed until
it has fallen below the SAM speed limit (p9568).

* If the speed does not decrease temporarily, then the drive freezes the monitoring limit until
the speed again decreases.

* If the motor accelerates by the speed tolerance during the OFF3 deceleration ramp, SAM
detects the process and triggers STO. Monitoring using SAM is activated for SS1 and SS2, and
ends if STO or SOS take over the monitoring.

ON/OFF1

SS1 deselection

Speed

Speed tolerance
I SAM

SAM speed limit 1 Sl\i;::::jrsct:i(rlasts toa

STO shutdown speed -------=--=-=--=-=--==--=-----
SS1 delay time t

SS1 active
SAM active

STO active

Ready for switching on

Figure 5-1  Example: SS1 with SAM
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Calculating the SAM tolerance of the actual velocity
* The following applies when parameterizing the SAM tolerance:

— The possible velocity increase after SS1 or SS2 is triggered results from the effective
acceleration a and the duration of the acceleration phase.

— The duration of the acceleration phase is equal to a monitoring cycle (MC = 4 ms)

* The following applies for calculation of the SAM tolerance:
Actual velocity for SAM = acceleration - acceleration duration
The following setup rule is derived thereof:

— For alinear axis:
SAM tolerance [mm/min] = a [m/s?] - MC [s] - 1000 [mm/m] - 60 [s/min]

— For arotary axis:
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.

* You set the tolerance such that the "overshoot" is tolerated that necessarily occurs when
standstill is reached after braking along the OFF3 ramp. However, the size of this cannot be
calculated.

Responses to braking ramp violations
o Safety alarm A01706 (SI Motion: SAM/SBR limit exceeded)
¢ Stopping the drive with STO
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5.2 Extended Functions

5.2.12 Safe Brake Ramp (SBR)

The Safe Brake Ramp (SBR) function provides a safe method for monitoring the brake ramp. Safe
Brake Ramp is applied for monitoring of braking for functions SS1 and SS2 (selected directly or
as a response to a limit value violation).

The drive brakes the motor immediately with the OFF3 ramp as soon as SS1 or SS2 is triggered.
Monitoring of the braking ramp is activated once the SBR delay time (p9582) has elapsed. The
drive monitors the motor to ensure that it does not exceed the set braking ramp (SBR) when
braking. The drive deactivates safe monitoring of the braking ramp for the various functions
used as follows:

e For SS1

— As soon as the speed drops below the STO shutdown speed (p9560).
or

— As soon as the SS1 delay time (p9556) has elapsed.
For SS2
— As soon as the SS2 delay time (p9552) has elapsed.

SBR deactivates itself, depending on the function used, as follows:

Function used

Subsequent function

SS1

STO

SS2

SOS

ON/OFF1
SS1 deselection
Speed

Reference velocity

SBR velocity limit Motor coasts to a
"""""""""" standstill

STO shutdown speed »
SBR delay time
SBR monitoring time

SS1 delay time

SS1 active
SBR active
STO active

Ready for switching on

Figure 5-2  Example: SS1 with SBR
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Limitation of the SBR delay time

The SBR delay time (p9582) has a minimum value of 10 ms or twice the value of the safety
monitoring cycle time. SBR becomes active upon SS1 selection after the SBR delay time (p9582).

It should be noted that the specified SBR delay timeis rounded to an integer multiple of the safety
monitoring cycle of 4 ms.

Note

If the ramp-down time OFF3 (p1135) in your application is less than 10 seconds, then leave the
SBR delay time (p9582) at its factory setting (250 ms). If SS1 goes into a fault condition during
the function test, increase this value until the motor brakes normally without a fault. If the ramp-
down time OFF3 (p1135) is set to several minutes, you must extend the delay time to several
seconds in order to avoid any unwanted faults when selecting SS1.

Setting the SBR ramp

Align the SBR curve to the OFF3 curve. Also check that for every load condition the drive can
follow this OFF3 ramp. If you want a monitoring curve that is parallel to the down ramp of the
load, then you must set the following:

» Set the reference velocity (p9581) (reference speed) to the value of the maximum speed.
* SBR monitoring time (p9583) = OFF3 ramp-down time (p1135)/gear ratio

* Where: Gear ratio = Load revolutions / motor revolutions.

* Example: Gear ratio = 1/3 = SBR monitoring time = OFF3 ramp-down time (p1135) - 3

An SBR monitoring time shorter than the value calculated above does not make sense, as the
drive in this case can reduce its monitoring curve faster than the load can be braked.

The longer the monitoring time settings, the more tolerant the monitoring.

Responses to braking ramp violations

140

» Safety alarm A01706 (SI Motion: SAM/SBR limit exceeded)
* Stopping the drive with STO
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5.3 Configuring safety functions

When configuring the safety functions, you specify the interfaces that activate the safety
functions.

Control of the safety functions

Fail-safe digital input (F-DI)

You can select or deselect Basic Functions via F-DI. Whether safety function STO or SS1 is
activated depends on the setting of the SS1 delay time:

¢ SS1 delay time =0 s => STO is immediately activated

e SS1 delay time > 0 s => SS1 is activated; STO is then activated after the SS1 delay time has
expired

PROFIsafe telegram 30

Using PROFIsafe telegram 30, you can select or deselect Basic and Extended Functions.

PROFlsafe telegram 901
Using PROFIsafe telegram 901, you can select or deselect Basic and Extended Functions.
The following Extended Functions are only controlled via PROFlsafe telegram 901:

e SS2E
Enabled by p9501.18 =1

¢ "Transferring SLS limit value via PROFlIsafe"
Enabled by p9501.24 =1

Diagnostics of the safety functions

The following supplementary telegrams are available for non-safety-relevant diagnostics of the
safety functions:

* Telegram 700

* Telegram 701
For example, you use telegram 701 to perform the Safe Brake Test - or the manual test stop
for Safety Integrated Extended Functions.

Basic Functions: What must | observe?

¢ SS1 delay time = 0 s => blocks the evaluation of the Profisafe control bit for SS1

More information

You can find detailed information about the telegrams and the control word and status word
assignments in sections "Standard telegrams (Page 785)" and "Supplementary telegrams
(Page 787)".
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5.4 Responses to safety faults and alarms

The stop responses of the safety functions are initiated by faults and serve to brake a moving

drive down to standstill. The type of response that occurs in the event of alarms and faults can
either be permanently specified by the system or configured by the machine manufacturer — for
example, if a limit value is violated or an internal fault occurs. The converter internally initiates

the responses. They do not have to be selected by selecting an external source, e.g. PROFIsafe
or F-DI.

In this way, you can stop the machine optimally adapted to the specific situation.

Stop Stop Stop Stop Stop
response response response response response
STO SS1 SS2 SS2E KDV

n_ =0 n_ =0 Path-
st st related

Safe Operating Stop (SOS)
Drive under closed-loop control

Safe Torque Off (STO)
Safe pulse cancellation

Figure 5-3  Overview of the responses

More detailed information about the various stop responses is provided in the description of the
specific safety function.
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5.4.1 Stop response priorities
Table 5-1 Stop response priorities
Priority classes Stop response
Highest priority Select STO
..... Select SS1
Select SS2
Select SOS
Lowest priority If the SS2 function is active, then SS1 is initiated. SS2 remains
selected.

Priorities of stop responses and Extended Functions

Highest priority Lowest
Stop response/ priority
Extended Function
Select STO Select SS1 Select SS2 Select SOS Select SS1 for SS2
Highest pri- | STO STO STO STO STO STO
ority
..... SS1 STO Y Ss1 SS1 SS1
SS2 STO SS1 SS2 Ss2 SS22
SS2E STO SS1 SS2 SS2 SS22
.. SOS STO" SS17 SOS SOS SS12
Lowest pri- | SLS, SLA STO? SS13 SS2% SOs¥ SS12
ority

" 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 SS1isthe subsequentstop of SS2, which is activated after a parameterizable time. The selected safety function remains active.

3 The SLS or SLA 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 or SLA 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 response is initiated

for a selected safety function. The stop responses are arranged from left to right in descending
order of priority.

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 (SS1, SS2) are
specified from top to bottom in descending order of priority.

Examples for illustrating the information in the table
» Safety function SS1 has just been selected. STO remains selected.

* By selecting a stop response with a higher priority, stop responses that are present with a
lower priority will be replaced. This means that when SS1 is selected any low-priority stop
responses that are present will be replaced.
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* The SLS safety function is selected. This selection does not modify the function of stop
responses.

* Stopresponse SS2is selected. If the STO or SS1 safety functions are active, this does not have
any effect. If SS2 is active, this brake ramp is retained. If SOS is active, SOS remains effective,
which is also the end status of S52. When SLS is selected, the drive is decelerated with SS2.

SINAMICS S210 servo drive system with S-1FK2 and S-1FT2
144 Operating Instructions, 09/2022, A5E41702836B AL



Safety functions integrated in the drive

5.4 Responses to safety faults and alarms

5.4.2 Discrepancy at the inputs of the F-DI

The safety functions must be selected/deselected simultaneously in both monitoring channels
via the input terminals and only have an effect on the associated drive.

* 1 signal: Deselecting the function
* 0Osignal: Selecting the function

A time delay, for example caused by mechanical switching operations, cannot be avoided.
Define a (permissible) discrepancy time so that undesirable converter responses do not occur.
The selection or deselection must take place in both monitoring channels within this
(permissible) discrepancy time to be interpreted as "simultaneous".

Note
Parameterization of the (permissible) discrepancy time (p9650)
To avoid that faults (nuisance faults) are incorrectly initiated, at these inputs the (permissible)

discrepancy time (p9650) must always be set shorter than the shortest time between 2
switching events (ON/OFF, OFF/ON).

* If the permissible discrepancy time was exceeded (discrepancy error) then the converter
outputs FO1611/F30611.
Under "Response of the safety functions in detail", detailed information is provided as to
precisely when STO becomes active.

* The drive indicates the discrepancy error when the RDY-LED flashes quickly red. More
detailed information on this can be found in section "Table 10-3 Status explanation of the RDY
LED during operation (Page 329)".

* The drive sets the error bit of the safety functions (= internal event):
— Communication telegrams (Page 785)

— Bit assignments of the process data (Page 789)
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Response of the safety functions in detail

Regarding the drive response, a distinction should be made between 2 cases:

¢ The initial state of both DIs is "Low" and STO is active:

If one of the two digital inputs is switched to "High", then the debounce time (p9651)
elapses.

The converter does not respond if the DI returns to "Low" within the debounce time
(p9651) (filtering noise pulses).

The (permissible) discrepancy time then elapses (p9650).

If there is still a discrepancy at the F-DI after the (permissible) discrepancy time elapses,
the converter issues faults FO1611/F30611 ("Fault in a monitoring channel").

The transition time "FO1611 = STO" (p9658) elapses. The converter outputs faults
FO1600/F30600(9999) after this transition time elapses. STO remains active or becomes
active again.

Please note: Even for an active internal event, i.e. after p9650 elapses, STO becomes
inactive if the other DI is also switched to "High" before p9658 elapses. In this case, this
means that the motor can be switched on as long as the transition time (p9658) has not
yet expired.

* The initial state of both Dls is "High":

146

If one of the two digital inputs is switched to "Low", then the debounce time (p9651)
elapses.

The converter does not respond if the DI returns to "High" within this debounce time
(filtering noise pulses).

The following response chain subsequently occurs:

(a) The converter immediately initiates SS1 (for "SI SS1 delay time" (p9652) = 0) or STO
(for "SI SS1 delay time" = 0); regardless of when the other DI is switched.

(b) If "SI SS1 delay time" = 0 is parameterized, then the converter starts the transition time
SS1 - STO.

(c) The (permissible) discrepancy time (p9650) elapses. If there is still a discrepancy at the
F-DI after the (permissible) discrepancy time from (p9650) elapses, the converter issues
faults FO1611/F30611 ("Fault in a monitoring channel").

After the (permissible) discrepancy time (p9650) elapses, the "transition time FO1611 to
STO" (p9658) elapses. The converter then initiates faults FO1600/F30600(9999). For "SI
SS1 delay time" (p9652) =0, STO is initiated as follows (depending on which occurs first):
- After the "SI SS1 delay time" expires

Or

- After "(permissible) discrepancy time" + "transition time FO1611 to STO" expires (p9650
+ p9658).

Please note: For active discrepancy errors FO1611/F30611 ("Fault in a monitoring
channel"), the motor can still be operated as long as STO is not yet active.
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5.4.3 Acknowledging alarms and/or faults and switching on the motor again

Acknowledge fault

To acknowledge faults and to switch on the motor again, proceed as follows:

1. Rectify the cause of this fault.

2. Acknowledge the fault:

— Basic Functions - Safety faults
Safety faults associated with Basic Functions require a safety-related acknowledgment
followed by a standard acknowledgment.

— Extended Functions - Safety alarms
Safety alarms associated with Extended Functions become active after a limit value is
exceeded or other internal events. After the cause has been removed, these alarms
require safety-related acknowledgment.

— Extended Functions - Safety faults
Stop responses initiated by internal events are indicated using Safety faults, which after
safety-related acknowledgment, require a standard acknowledgment.

3. You have the following options:

* POWERON

* Selecting/dese-
lecting STO

» Safe acknowl-
edgment

By switching off the supply voltage and switching it on again

* By selecting/deselecting F-DI
or

¢ Using the PROFIsafe telegram

Note that you can only acknowledge Safety alarms, such as AO1711
and other internal events caused by limit values being exceeded for
Extended Safety, safely using STO if p9507.0 = 1 is set (extended
message acknowledgment to default value).

The following happens once the cause of the fault has been elimi-
nated:

1. The Safety requirement "Close motor holding brake" is canceled.
2. The possibly active FO1611 fault or STO is withdrawn.

3. In addition, reset the messages in the fault buffer using the gen-
eral acknowledgment mechanism.

Using PROFIsafe telegram (S_STWx byte 0 bit 7)

Switching the motor on again

¢ Acknowledge the drive faults.

* Switch the motor off and then on again. (Bit 0 in the STW1:0 = 1)

¢ Safety alarms, such as AO1711 and other internal events caused by limit values being
exceeded for Extended Safety, can only be acknowledged in a safety-related way using STO
if p9507.0 = 1 is set. (extended message acknowledgment to default value).
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5.5 Response times

The safety functions (Safety Integrated) are executed with a safety monitoring cycle of 4 ms.

PROFIsafe telegrams are evaluated in the PROFIsafe scan cycle. The PROFlIsafe scan cycle
corresponds to twice the monitoring cycle.

Note for understanding the following tables

The drive system is the component that provides the safety functions. The designation "fault-
free drive system" means that the component that provides the safety functions does not have
a defect itself:

e Worst case for a fault-free drive system
For faults outside the drive system, the "Worst case for a fault-free drive system" reaction time
is guaranteed.
Examples of faults outside the drive system are faulty setpoint specification by the control
system, limit value violations as a result of the behavior of the motor, closed-loop control,
load, etc.

* Worst case when a fault exists
For a single fault within the drive system, the "Worst case when a fault exists" reaction time
is guaranteed.
Faults within the drive system are, for example, a defect in a switch-off signal path of the
power unit, a defect in an encoder actual value measurement, a defect in a microprocessor,
etc.
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5.5.1 Response times when controlling via terminals (Basic Functions)

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

Table 5-2 Response times when controlling via terminals
Function Worst case for
Drive system has no fault A fault is present
STO 8ms+t EV 12ms+t EY
SBC 16ms+t EV 32ms+t EY
SS1/SS1E (time-controlled)
Selection until STO is initiated 8 ms + p96522 +t EV 12 ms + p9652? +t_EV
SS1/SS1E (time-controlled)
Selection until SBC is initiated 16 ms + p9652? +t_EV 32 ms +p9652? +t EV
SS1 (time-controlled)
Selection until braking is initiated 12ms+2ms+t_EY 16 ms +2 ms+t_EV

V" The following applies for t_E (debounce time of the digital input being used):

p9651¥ =0 t E=8ms
p96513 =0 t E=p9651 +5ms

2 p9652:SISS1 delay time
3 p9651:SI STO/SBC/SST debounce time
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5.5.2 Response times when controlling via PROFIsafe (Basic Functions)

The following table lists the response times" from receiving the PROFIsafe telegram at the
converter up to initiating the specific response.

Table 5-3 Response times when controlling via PROFlsafe
Function Worst case for
Drive system has no fault A fault is present
STO 20ms +t_K? 20ms +t_K?
SBC 24 ms +t K? 40 ms +t_K?
SS1/SS1E (time-controlled)
Selection until STO is initiated 20 ms + p96523 +t_K? 20 ms + p96523 +t_K?
SS1/SS1E (time-controlled)
Selection until SBC is initiated 24 ms + p96523 +t_K? 40 ms + p9652% + t_K?
SS1 (time-controlled)
Selection until braking is initiated 20ms+2 ms+t K2 20ms+2ms+t_K?

V' The specified response times involve SINAMICS-internal response times. Program run times in the F-host and the transmission
time via PROFINET are not taken into account. When calculating the response times between the F-CPU and the drive, you
must take into account that faults in the communication can resultin a safety function only being selected after the PROFIsafe
monitoring time (F_WD_Time) has expired. The PROFIsafe monitoring time (F_WD_Time) must also be included in the
calculation when an error occurs.

2t Kis the time for internal communication within the SINAMICS module; t_K can be determined as follows:

For isochronous communication t_K =To (determine To from the bus configuration on the control side)

For non-isochronous communication t K=4ms

3 p9652:SISS1 delay time
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5.5.3 Response times when controlling via PROFIsafe (Extended Functions)
The following table lists the response times" from receiving the PROFIsafe telegram at the
converter up to initiating the specific response.
Table 5-4 Response times when controlling via PROFlsafe
Function Worst case for
Drive system has no fault A fault is present
STO 5.t EFY +t BFY + t K 5.t EFY+2-t BFY +t K%
SBC 5.t EFY+2-t BFS +t K% 5.t EFY+6 - t_BF® +t_K¥

SS1 (time controlled), SS1E, SS2E: Time from selecting
up to starting the safe timer

SS1 (acceleration controlled), SS2: Time from selecting
up to initiating braking

SOS: Time from selecting up to starting standstill mon-
itoring

5.t EFY+2ms+t K¥

5.t EFY+2ms+t K?

SBR or SAM (limit value violation until STO active)

2-t_EF? +1t _BF®

25t EFY +t BFY + 1 ms

SOS standstill tolerance window violated

1.5-t EFY +2ms

3-tEFY+2ms+1ms

SLA: Limit value violation

SLS speed limit violated? 2-t EFY+2ms 35t EF?+2ms+1ms
SSM?) 4.t EFY 45t EFY+1ms
SDI (limit value violation until braking is initiated) 1.5-t EF?+2ms 31t EFY+2ms+1ms
SLA: Selection or deselection 5.1 EFY +t K¥ 5.1 EFY +t K¥

3-t EFY+2ms 4.t EF?+2ms+1ms

V' The specified response times involve internal SINAMICS response times. Program run times in the F-host and the transmission
time via PROFINET are not taken into account. When calculating the response times between the F-CPU and the drive, you
must take into account that faults in the communication can result in a safety function only being selected after the PROFlsafe
monitoring time (F_WD_Time) has expired. The PROFIsafe monitoring time (F_WD_Time) must also be included in the

calculation when an error occurs.

2 SLS: Specification of the response time required to initiate a braking response 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.

4t Kis the time for internal communication within the SINAMICS module; t_K can be determined as follows:

For isochronous communication

t_K=To (determine To from the bus configuration on the control side)

For non-isochronous
communication

t K=4ms

> Safety monitoring cycle Extended Functions t_EF =4 ms

® Safety monitoring cycle Basic Functions t BF =4 ms
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5.6 Acceptance - completion of commissioning

What is an acceptance?

The machine manufacturer is responsible in ensuring that the plant or machine functions
perfectly. As a consequence, after commissioning, the machine manufacturer must check those
functions or have them checked by specialist personnel, which represent an increased risk of
injury or material damage. This acceptance or validation is, for example, also specified in the
European Machinery Directive and essentially comprises two parts:

* Acceptance test: Checking the safety-relevant functions and machine parts after startup.
* Documentation: Generate an "Acceptance report" that describes the test results.

Supply information for the validation, e.g. the harmonized European standards EN ISO 13849-1
and EN ISO 13849-2.

Acceptance test of the machine or plant

The acceptance test is used to check whether the safety-relevant functions in the machine or
system function properly. The documentation of the components used in the safety functions
can also provide information about the necessary tests. Testing the safety-relevant functions
includes, e.g. the following:

* Are all safety equipment such as protective door monitoring devices, light barriers or
emergency-off switches connected and ready for operation?

¢ Does the higher-level control respond as expected to the safety-relevant feedback signals of
the drive?

¢ Do the drive settings match the configured safety-relevant function in the machine?

Acceptance test of the drive
The acceptance test of the drive is a part of the acceptance test of the entire machine or plant.

The acceptance test (configuration check) requirements for electrical drive safety functions
emanate from DIN EN 61800-5-2, Section 7.1 Point f). The acceptance test is called
"configuration check" in this standard.

e Description of the application including a picture

» Description of the safety-relevant components (including software versions) that are used in
the application

 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 test procedure
 List of all safety-relevant parameters and their values in the PDS(SR)

e Checksum, test date and confirmation by test personnel
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Documentation
The following must be documented for the drive:
¢ Result of the acceptance tests
¢ Settings of the integrated drive safety functions

This documentation must be countersigned.

Persons authorized for acceptance

Personnel from the machine manufacturer, who, on account of their technical qualifications and
knowledge of the safety functions, are in a position to perform the acceptance testin the correct
manner are authorized to perform the acceptance testing of the drive.

Recommendations
For the acceptance test, check whether the safety functions in the drive have been set correctly.

¢ Perform the acceptance test with the maximum possible velocity and acceleration to test the
expected maximum braking distances and braking times.

e Alarm A01697 (Test stop for motion monitoring is required):
This alarm is issued following each system startup and is not critical for acceptance.

After the acceptance test of the drive's safety functions, you must also check whether the safety-
related functions in the machine or system are functioning correctly.

Note
Examples of acceptance tests

The following acceptance tests are examples which demonstrate the basic procedure. They are
not suitable for every possible setting of the drive.

When do you have to conduct an acceptance test of the machine or plant?
You must conduct an acceptance test of the machine or plant in the following cases:
e After commissioning
e After importing a new firmware version to the drive
* If you changed the parameter assignment of the drive

* After the maximum time between 2 acceptance tests set using p9659 has expired (forced
checking procedures).
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5.6 Acceptance - completion of commissioning

When do you have to conduct an acceptance test of the drive?

If you replaced the drive, you have to conduct an acceptance test for it.

Note

When you replace the drive, an error message appears. Acknowledge this error message, e.g. by
switching off and on.

What does the acceptance test for the drive consist of?

Documentation
1. Supplement/change the hardware data

2. Supplement/change the software data (specify version)

Function test, safety functions

You must perform an acceptance test individually for each function used and each configured
control.

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.

If Basic Functions and Extended Functions are combined, the acceptance test for both types
must be carried out for the functions used.
Functional testing of forced checking procedure (test stop)

Select and deselect STO. More detailed information on the topic of "Forced checking procedure
(test stop)" is provided in Chapter "Test stop (forced checking procedure) (Page 242)".

5.6.1 Performing acceptance tests

You must perform an acceptance test both for each of the Basic Functions and for each Extended
Function and each control type that you use.

As of version 15.1 of the commissioning tool Startdrive, a wizard is available for this purpose to
guide you step by step through the acceptance process; see section "Acceptance test
(Page 309)".
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5.7 Information pertaining to component replacements
5.7 Information pertaining to component replacements

Replacing a component from the perspective of Safety Integrated

Note
Note additional safety instructions

Observe the instructions with regard to changing or replacing software components in Section
"Safety instructions (Page 27)"!

The faulty component was replaced according to safety regulations. The information relevant
from the perspective of Safety Integrated is provided in the following.

¢ Based on the NodelD and the saved CRC of the particular hardware component, the drive
identifies that a component has been replaced. You can take the responses of the drive and
the actions that have to be carried out from the following table:

Replaced Control type Drive re- User action Diagnostic
component sponse Fault ac- Acknowledg- | Save® parame-
(fault) knowledg- ment is re- ters
ment re- quired that the
quired® component
has been re-
placed?
Basic Motor All FO1641.1=1| Yes No Yes r9776.2=1
Functions
Extended | Motor All F01640.3=1 | Yes Yes Yes r9776.2 =1
Functions FO01640.4=1 r9776.3 =1
FO1641.1=1
FO1641.5=1
FO1641.6=1

" The fault must be acknowledged each time a component is replaced using a standard acknowledgment. However, even
without acknowledgment the drive can still be operated.

2 Toacknowledge that the component has been replaced, set parameter p9702 = 29. p9702 jumps back up to a value of 0 once
the acknowledgment process has been completed.

3 You must save the modified data after a component has been replaced:
- It is not permissible that the firmware update is active on the drive object.
- Copy from RAM to ROM by setting p0977 = 1.
If the modified data is not saved, then the drive re-issues the fault at the next power on.
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5.7 Information pertaining to component replacements

Acceptance test and acceptance report

/\ WARNING

Unwanted motion if components are replaced without a function test

After a component replacement, connections or functions can be defective so that death or
serious injury can result if a person enters the danger zone of the motors.

* After component replacement, always run a simplified function test.

After the machine has been modified, a full verification is required again — including the
acceptance test and appropriate documentation. The drive identifies when a component has
been replaced based on the saved checksums (CRC):

* Message FO1640/F01641 identifies as to which component was replaced.

* Message FO1650 indicates as to whether an acceptance test is required, and the test depth
that should be performed.

* Each time a component is replaced, a function test should always be carried out so that
incorrect connections and/or wiring can be ruled out.

* For SINAMICS drives, after a component has been replaced, generally a reduced/partial
acceptance test is sufficient.

Replacing a converter

When replacing a converter, after it has run-up, fault FO1641 is displayed as a result of the
changed checksums. No additional stop response is initiated, and operation of the drive is not
restricted as a result.

* The message can be deleted with a standard acknowledgment.

¢ Copying from RAM to ROM should be carried out to avoid that the message is output again
after the next power on.

* Areduced acceptance test of the safety functions is required.

— Check the Emergency Stop function (STO or SS1), as well as the SBC function assuming
that it is being used.

— Test the forced checking procedure (test stop) of the safety function on the drive

— After replacing a component, perform a general check of the actual value acquisition by
switching on the drive and briefly operating with movementin both directions of rotation.

— The converter data (hardware/software version) should be added to the acceptance
protocol, the changed checksum and time stamp should be documented and
countersigned.
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Replacing the motor

5.7 Information pertaining to component replacements

When replacing the motor, after it has run-up, fault F01640 (channel 2) and FO1641 (channel
1) is displayed as a result of the changed checksums. Further, a fault response is initiated, which
prevents the drive from being operated.

¢ Acknowledge the component replacement:

Set p9702 = 1D hex.
Save with "Copy from RAM to ROM".

* Areduced acceptance test is required.

After replacing a component, perform a general check of the actual value acquisition by
switching on the drive and briefly operating with movementin both directions of rotation.

Only for Extended Functions - Check the safety-related actual value acquisition:
With the motion monitoring functions activated (e.g. SLS or SSM with hysteresis), briefly
operate the drive in both directions.

Only for Extended Functions and only after the encoder has been replaced:
Test the encoder parameterization (a trace recording is not required)

* Theconverter data (hardware/software version) should be added to the acceptance protocol,
the changed checksum and time stamp should be documented and countersigned.
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5.8 Functional safety

5.8

158

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 requirements
described in the associated Standards. The requirements to implement functional safety are
based on the following basic goals:

¢ Avoiding 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 avoiding systematic faults. This is expressed in the standards using specific
classification. In IEC/EN 61508, IEC/EN 62061 "Safety Integrity Level" (SIL) and EN I1SO 13849-1
"Category" and "Performance Level" (PL).
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5.9 Machinery Directive

5.9 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 