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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.

/I\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 ABE34261271B AA Copyright © Siemens AG 2010 - 2014.
Industry Sector ® 07/2014 Subject to change All rights reserved
Postfach 48 48
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Change history

Important changes with respect to the Manual, Edition 01/2013

New functions in firmware V4.7 In Chapter

Corrections In Chapter

The forced checking procedure (test stop) starts after Testing the basic functions
selecting STO, however, not after a power-on reset. (Page 162)

Assignment of the signal states in control word 1, bit 0 (basis | Control word 1 and status word 1
functions) has been corrected. (basic functions) (Page 47)
Connecting an actuator without feedback signal to the safety | Connecting the safety output for
output of the SINAMICS G120 with CU250S-2 does not SINAMICS G120 (Page 73)
comply with SIL 2. The connection example has been

removed.

The worst-case response times for the extended STO Response times (Page 269)

function have been corrected for an inverter fault/error:
When controlled via PROFIBUS: 56 ms instead of 58 ms.

When controlled via PROFINET: 56 ms instead of 58 ms (+
bus cycle time).

Worst-case response time for the STO basis function when
controlled via a safety input has been corrected: 6 ms +t_E
instead of 14 ms + t_E.

Worst-case response time for the extended STO function
when controlled via a safety input: 52 ms + t_E instead of
54 ms +t_E.

When debounce time > 0: t_E =debounce time + 3 ms
instead of debounce time + 1 ms

When debounce time = 0: t_E = 4 ms instead of 2 ms

Supplements and revised descriptions In Chapter

New SINAMICS G110M inverters Description (Page 19)
Installing (Page 41)

New SIMATIC ET 200pro FC-2 inverter Description (Page 19)
Installing (Page 41)

Overview, preconditions and restrictions when using the Description (Page 19)

safety functions have been revised.

The description of the time response of active safety Operation (Page 159)

functions is now sorted according to functions.

The test of the safety inputs has been supplemented. Regularly testing the safety functions
(Page 161)

The "Startdrive" commissioning tool is mentioned. Commissioning tools (Page 84)

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
Function Manual, 04/2014, FW V4.7, ASE34261271B AA



Change history

Supplements and revised descriptions

In Chapter

The probability of failure PFD has been supplemented. Probability of failure of the safety

functions (PFH value) (Page 267)

Error response of the SBC function has been supplemented. | Response to faults in the brake

control (Page 176)
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Fundamental safety instructions 1

1.1 General safety instructions

/\WARNING

Risk of death if the safety instructions and remaining risks are not carefully observed

If the safety instructions and residual risks are not observed in the associated hardware
documentation, accidents involving severe injuries or death can occur.

e Observe the safety instructions given in the hardware documentation.

e Consider the residual risks for the risk evaluation.

AWARNING

Danger to life or malfunctions of the machine as a result of incorrect or changed
parameterization

As a result of incorrect or changed parameterization, machines can malfunction, which in
turn can lead to injuries or death.
e Protect the parameterization (parameter assignments) against unauthorized access.

¢ Respond to possible malfunctions by applying suitable measures (e.g. EMERGENCY
STOP or EMERGENCY OFF).
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1.2
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Industrial security

Note
Industrial security

Siemens provides products and solutions with industrial security functions that support the
secure operation of plants, solutions, machines, equipment and/or networks. They are
important components in a holistic industrial security concept. With this in mind, Siemens’
products and solutions undergo continuous development. Siemens recommends strongly that
you regularly check for product updates.

For the secure operation of Siemens products and solutions, it is necessary to take suitable
preventive action (e.g. cell protection concept) and integrate each component into a holistic,
state-of-the-art industrial security concept. Third-party products that may be in use should
also be considered. For more information about industrial security, visit Hotspot-Text
(http://www.siemens.com/industrialsecurity).

To stay informed about product updates as they occur, sign up for a product-specific
newsletter. For more information, visit Hotspot-Text (http://support.automation.siemens.com).

&WARNING

Danger as a result of unsafe operating states resulting from software manipulation

Software manipulation (e.g. by viruses, Trojan horses, malware, worms) can cause unsafe
operating states to develop in your installation which can result in death, severe injuries
and/or material damage.

e Keep the software up to date.

You will find relevant information and newsletters at this address
(http://support.automation.siemens.com).

¢ Incorporate the automation and drive components into a holistic, state-of-the-art
industrial security concept for the installation or machine.
You will find further information at this address
(http://www.siemens.com/industrialsecurity).

e Make sure that you include all installed products into the holistic industrial security
concept.
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About this manual

Who requires this manual and why?

This manual describes the safety functions integrated in the inverter for variable-speed
applications.

The manual is aimed primarily at machine and plant manufacturers, commissioning
engineers, and service personnel.

What are drive-integrated safety functions?

"Safety" functions have, in comparison to "standard" drive functions, 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.

"Integrated in the drive" means that the safety functions are integrated in the inverter and
can be executed without requiring additional external components.
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Introduction
2.1 About this manual

What inverters are described?

Fixed speed Motion control

applications Variable speed applications applications

SIMATIC SIMATIC SINAMICS SINAMICS SINAMICS
ET 200S |ET 200prd|ET 200pro| G110M | G120 | G120 | G120D ||G110D | G130 | G150 | s110 | s120 | s150
Motor starter FC-2
Integrated safety functions according to IEC 61800-5-2
STO
Safe Torque Off = = es
ss1
Safe Stop 1 - - Yes Yes
T E ) Yes 3) Yes4) | Yes3) | Yes3)
Safe Brake Control
SBT |
Safe Brake Test - - M) . Ml )
SLS
|Safely-Limited Speed ) N Yes Yes
SSM |
Safe Speed Monitor N e bl
SDI |
Safe Direction i | " Yes Yes
S0S |
Safe Operating Stop ) ) ) ) ) B ) ) e (=
S82 '
Safe Stop 2 e ) . i - . i ree i
SLP |
Safely-Limited Position]| =~ |~ - - - i - ) ves ) e
Fail-safe interfaces
PROFIBUS /
PROFlsafe Yes Yes 5) Yes Yes
PROFINET /
PROFlsafe Yes Yes 5) Yes Yes
Safety inputs Yes, external components
Yes 5) jes required in certain cases
Saftyloutpats - - Yes, with TM54F | Yes | Yes, with TM54F
Certifications
EN ISO 13849-1:2006 Cat.4/PLe Cat. 3/PLd Cat. 3/PLd
EN 61508 SIL 3 SIL 2 SIL 2
NFPA 79 Yes 5 2 i [ z z . Yes P
NRTL listed Yes - - - - - - - - | Yes1) -
Contents of the manual " Only for SINAMICS S120 Booksize

? Only for CU250S-2 with Safe Brake Relay

3 For Chassis and Cabinet Modules with Safe
Brake Adapter

4 With Safe Brake Relay
5 With external components

° EN ISO 13894-1, PL d/Kat. 2
EN 61508 SIL 1

Figure 2-1 Products with drive-integrated safety functions
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Introduction

2.1 About this manual

What applications are described?

This manual covers all the information, procedures, and operations for the following
scenarios:

Introductory and simplified description of the inverter safety functions
Controlling the safety functions via safety inputs or PROFIsafe
Commissioning and acceptance test of the safety functions
Response of the inverter with active safety functions

Replacing an inverter where the safety functions are enabled.

Diagnostics of the safety functions

The appendix contains an overview of the applicable regulations and standards for using the
safety functions.

What other information do you need?

This manual alone is not sufficient for installing or commissioning the standard inverter
functions. An overview of the documentation available and the associated applications is
provided in the sectionManuals for your inverter (Page 334).

What is the meaning of the symbols in the manual?

:: 1 An operating instruction starts here.

O

2

This concludes the operating instruction.
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Introduction

2.2 Guide through the manual

2.2 Guide through the manual

Chapter

In this chapter, you will find answers to the following questions:

Description (Page 19)

o What safety functions does my inverter have?

e How do the safety functions basically work?

o What are typical applications for the safety functions of the inverter?

¢ In which applications are the safety functions of my inverter not permitted?

Installing (Page 41)

o How many safety inputs and outputs does my inverter have?
e How do | wire up the safety inputs and outputs of my inverter?
o What do | have to observe if the wiring extends beyond the control cabinet?

¢ How are the PROFIsafe control words and status words assigned?

Commissioning (Page 77)

e How do | configure the communication of my inverter via PROFIsafe?

e How do | start commissioning the safety functions?

¢ What tool do | need for commissioning?

e How do | transfer the parameters of the safety functions to other inverters?

e How do | reset my inverter to the factory setting?

Operation (Page 159)

¢ How must | select and deselect the safety function?

e How do the inverter and motor respond when the safety function is active?
¢ How do the safety functions mutually influence one another?

o What happens in the event of a limit violation of the safety functions?

e What happens in the event of a wire breakage at a safety input?

e How do | acknowledge safety function faults?

Corrective maintenance
(Page 251)

o How do | replace defective components of the inverter or the inverter itself?

o How do | ensure that the safety functions are still working correctly after making a
replacement?

¢ What do | have to check after making a replacement?

o What is the meaning of the alarms and faults, which are assigned to the safety
functions?

System properties

e How long does it take for my drive to respond when selecting a safety function?

(Page 267) ¢ How long does it take for my drive to respond when the safety function is active and the
motor malfunctions?
o What are the probabilities of failure of the safety functions of my inverter?
e According to which standards are the safety functions of my inverter certified?
Appendix (Page 277) o How do | check the safety functions after commissioning?

o How do | document the settings of the safety functions?

e As machine manufacturer or company operating a machine, what standards and
regulations must | observe?

e Where can | find more information on my inverter?

18
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Description

3.1

About this chapter

This section provides an overview of the principle mode of operation of safety functions

integrated in the drive.

What can you find in this Chapter?

3.2

® Preconditions and restrictions when using the safety functions

e The principle mode of operation of safety functions integrated in the drive

® Application examples

® The assignment as to which inverters have which safety functions

Overview of the safety functions

Basic functions and extended functions

The safety functions integrated in the drive are split up according to basic functions and

extended functions.

Safety functions integrated in the drive

Basic functions

Extended functions

The basic functions prevent hazardous motion
using one or several of the following measures:

e The energy feed to the motor is safely
switched off

e The motor holding brake solenoid is safely
deenergized

The following basic functions are available:

e Safe Torque Off (STO)

e Safe Brake Control (SBC)

e Safe Stop 1 (SS1) without speed monitoring

Each of the inverters described in this manual
has one or several of the basic functions.

Extended functions include several basic
functions and additional functions to safely
monitor the motor speed:

e STO and SBC basic functions

e Safe Stop 1 (SS1) with speed monitoring
e Safely Limited Speed (SLS)

o Safe Direction (SDI)

e Safe Speed Monitor (SSM)

Whether an inverter has extended functions
generally depends on the Control Unit hardware.
The corresponding inverters have an "F" at the
end of the product name, e.g. Control Unit
CU240E-2 F. For SINAMICS G120 with a
CU250S-2 Control Unit, you require a license for
the extended functions.

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
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Description

3.2 Overview of the safety functions

Table 3-1 Inverters with safety functions integrated in the drive

Inverter Basic functions Extended functions

STO S§81, SBC | SS1, SDI, SSM, SLS SLS levels

Available -1
with all
product

versions

SINAMICS G110M

Available

with all
product
versions

SINAMICS G120C

Available Available Available with the Available with the
with all with all following Control following Control
CU240E-2 | CU250S-2 Units: Units:
and Control CU240E-2 F CU240E-2 DP-F
CU250S-2 Units CU240E-2 DP-F CU240E-2 PN-F
Control CU240E-2 PN-F CU250S-2 DP2)
Units CU2508-22) CU2508-2 PN2
CU250S-2 DP2)
CU250S-2 PN 2
CU250S-2 CAN2)

Available -—- Available with the following Control Units:

with all CU240D-2 DP-F
Control CU240D-2 PN-F
Units CU240D-2 PN-F PP
CU240D-2 PN-F FO
CU250D-2 DP-F
CU250D-2 PN-F
CU250D-2 PN-F PP
CU250D-2 PN-F FO

Available

SIMATIC ET 200pro
FC-2

1) ---: Not available

2 Requires a license for the safety functions
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3.3 Overview of the safety-related inverter interfaces

3.3 Overview of the safety-related inverter interfaces

Depending on the particular inverter, the interfaces of the safety functions are safety inputs
and outputs (F-DI, F-DO), the safety-related PROFIsafe fieldbus communication and a safety
output to control a brake.

Inverter ‘ F-DI ‘ F-DO | PROFIsafe Safety output for a brake
SINAMICS G110M with Control Unit ...
CU240M USS 1 -1
CU240M DP 1 --- Telegram 309 ---
CU240M PN

SINAMICS G120C USS 1 - - —
SINAMICS G120C CAN

SINAMICS G120C DP 1 -
SINAMICS G120C PN

SINAMICS G120 with Control Unit ...

Telegram 309 ---

CU240E-2 1

CU240E-2 DP 1 Telegram 309)

CU240E-2 PN

CU240E-2 F 3

CU240E-2 DP-F 3 Telegram 309,

CU240E-2 PN-F Telegram 9004

CU250S-2 3 1 - Available with Safe Brake
CU250S-2 CAN Relay
CU250S-2 DP 3 1 Telegram 309), Available with Safe Brake
CU250S-2 PN Telegram 9004 Relay

SINAMICS G120D with Control Uni

t...

CU240D-2 DP
CU240D-2 PN

1

Telegram 309

CU240D-2 DP-F
CU240D-2 PN-F
CuU240D-2 PN-F PP
CU240D-2 PN-F FO
CU250D-2 DP-F
CU250D-2 PN-F
CU250D-2 PN-F PP
CU250D-2 PN-F FO

Telegram 309),
Telegram 9004

SIMATIC ET 200pro
FC-2

ET 20
Opro2

ET 200pro 2

1) -—- Not available

2) The inverter evaluates the FO rail in the backplane bus of the ET 200pro system using an internal safety input. The

ET-200pro F-RSM and F-Switch modules control the FO rail.

3) Telegram 30 for control and for the status feedback signal from the safety functions

4) Telegram 900: Function as for telegram 30 and additional feedback signal of the F-DI status
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3.4 Preconditions when using the safety functions

3.4 Preconditions when using the safety functions

Risk assessment

A risk analysis and assessment of the plant or machine is required before using the safety
functions integrated in the drive.

The risk analysis and assessment must show that the safety functions integrated in the drive
are suitable as protective measure to reduce risks associated with the machine. The
required probability of failure of the protective measure must not exceed SIL 2 or PL d.

Motors and control modes
You can use the basic functions without any restrictions:
e For all control modes: U/f control and speed control with and without encoder
e With synchronous and induction motors

® For group drives, which involves the simultaneous operation of several motors connected
to one inverter

It is only permissible that you use the extended functions under the following preconditions:
e With induction motors for all control modes
e With SIEMOSYN synchronous motors only with U/f control

® For group drives

Encoderless safety functions
The safety functions integrated in the drive do not use an encoder.
"Encoderless" means the following:
® You do not require an encoder to use the safety functions integrated in the drive.

e |f the inverter has an encoder connection, the inverter uses the encoder signal to control
(closed loop) the motor. The safety functions ignore the encoder signal.

Taking into account the slip of induction motors

The speed of the motor shaft is relevant for the functional safety in or on a machine.
However, the extended functions monitor the electrical speed of the motor against the limit
values that have been set.

If you use encoderless safety functions with an induction motor, you must take into account
the motor slip when setting the speed monitoring.
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3.5 Restrictions when using safety functions

3.5 Restrictions when using safety functions

Not permitted: Operation with pulling loads

AWARNING
A Death or severe injury when the motor speed is not monitored

The encoderless actual value sensing does not identify all faults and errors in the closed-
loop motor control. As a consequence, the encoderless safety functions cannot identify

whether a pulling load unintentionally accelerates due to a fault or error in the closed-loop
motor control.

¢ Do not use any of the extended encoderless safety functions in a drive with a pulling
load.

It is not permissible that you use the encoderless safety functions in applications involving
pulling loads, e.g. in hoisting gear, elevators and unwinders.
Speed monitoring options for pulling loads

® You can implement speed monitoring in machines with pulling loads in one the following
ways:

— Select a drive with safety functions that use an encoder, for example SINAMICS S120.

— Implement the speed monitoring in the higher-level control by using a suitable
measuring system to acquire the speed/velocity.

® Coupled electric drives, e.g. test stands and winders/unwinders comprise a driving and a
driven drive. Using the extended functions in the drive that has a driving function in a
coupled drive system. In the case of a fault, the drive with the driving function identifies
when a limit value is violated.

Not permitted: Motors with different pole pair numbers

AWARNING

Death or serious injury due to unexpected high speeds

If you use the "Drive data set" function to switch over motors with different pole pair
numbers, then the calculated, safety-related speed differs from the mechanical speed of the
motor shaft. As a consequence, the motor shaft can accelerate above the configured
monitoring limits of the safety function. This can result in death or severe injury.

e When using the "drive data set" function, only switch between motors with the same
pole pair number.

Monitoring the speed of motors with different pole pair numbers

Implement the speed monitoring in the higher-level control by using a suitable measuring
system to acquire the velocity or speed.
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3.5 Restrictions when using safety functions

Critical applications

For safety functions that have not been enabled, you can use the following applications
without any restrictions.

For active safety functions, several applications can result in errors in the safety-related
actual value sensing. For active or enabled safety functions, faults and errors in the safety-
related actual value sensing initiate a stop response: Messages C01711, C30711 with
default values 1040 ff.

The stop response does not result in an unsafe drive state, but in a lower drive availability.

Critical application Remedy
Motor data identification during Only commission the safety functions after the motor data
commissioning identification has been completed.

Setpoint change as step function Set the ramp-function generator times to values > 0.5 s.

Reversing the speed If you are using an inverter with position control, then you must
set the position controller and the travel profile so that there is
absolutely no overshoot in the speed/velocity characteristic.

Within 1 s, only one acceleration and one braking ramp are
permitted. The cycle 0 - nset > -nNset > 0 Must be at least 2 s
long.

Load change as step function Do not use the safety functions.

Continuous operation at speeds <
5 % of the rated speed

Switching-on the inverter with the | Avoid using the "flying restart" function when a safety function is
motor rotating ("flying restart" active.

function) Temporarily deactivate the safety function until the "flying
restart" function has been successfully completed.
It is not permissible that you use the "flying restart" function if

you are using the SSM function. It is not possible to deactivate
SSM using a control signal.

Operating an inverter at the current | Select and dimension the drive so that the inverter current limit
limit does not respond. After commissioning, check that the inverter
does not reach its current or torque limits — even at full load.

Braking a motor using the "DC Avoid using the "DC braking" or "Compound braking" functions
braking" or "Compound braking" when a safety function is active.
functions If you require one of these two braking functions, then in the risk

assessment, you must carefully check as to whether you may
deactivate the safety function while braking. If yes, then
deactivate the safety function until braking has been completed.

It is not permissible that you use the braking functions if you are
using the SSM function. It is not possible to deactivate SSM
using a control signal.
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3.5 Restrictions when using safety functions

Inadmissible SINAMICS G120 Power Modules

When using the following Power Modules, it is not it permissible to use the safety functions
nor are you able to:

Power Module Restriction

PM230 The PM230 Power Modules of the SINAMICS G120 do not support any
safety functions.

PM240 FSGX With the PM240 Power Module frame size GX, only the STO, SBC and SS1
basic functions without speed monitoring are permitted.
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3.6 Recommendations for stable operation

3.6 Recommendations for stable operation

The following preconditions must be satisfied to ensure disturbance-free inverter operation
with the extended functions enabled:

e Motor and inverter are adequately dimensioned for this application:
— The inverter is operated below its current limit.
— The rated currents of the motor and inverter must not differ by more than a factor of 5:
Inverter rated current/motor rated current < 5 (r0207[0] / p0305 < 5).
e Before commissioning the safety functions, optimally set the closed-loop control:
— Carry out motor data identification at standstill.
— Carry out a rotating measurement.
— Avoid multiple speed overshoots when settling after a setpoint change.

— Avoid reversing the motor within less than 2 s.
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3.7 Safe Torque Off (STO)

3.7 Safe Torque Off (STO)

How does the STO safety function work?

The inverter with active STO function prevents machine
Select STO components from inadvertently starting.

STO is active

Table 3-2  The principle of operation of STO

Safe Torque Off (STO) Standard inverter functions linked with STO

1. | The inverter recognizes the selection of STO -
via a safety-relevant input or via the PROFIsafe
safe communication.

2. | The inverter prevents energy from being fed to | If you use a motor holding brake, the inverter
the motor. When STO is active, the motor does | closes the brake.
not generate any torque.

3. | The inverter signals that "STO is active" via a -—-
safety-relevant output or via the PROFIsafe
safe communication.

Select STOT Select STO T
| P 1 >
Speed * l Speed l

STO ~_STO >

I | \
iy e g

STO s activeT | STO is active

=l =l

Figure 3-1 Functionality of STO when motor is rotating and at a standstill

If the motor is still rotating when STO is selected, then it coasts down to standstill.

The STO safety function is standardized
The STO function is defined in IEC/EN 61800-5-2:

"[...] [The inverter] does not supply any energy to the motor which can generate a torque (or
for a linear motor, a force)."

The STO inverter function complies with what is defined in the standard.
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3.7 Safe Torque Off (STO)

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 achieving an emergency stop but not an emergency off.

Risk:

Risk of electric shock:

T[][
: @

-

Risk of unexpected motion:

Measure to minimize

Safe switch off

Safely stop and safely prevent

risk: Switching off the electric power restarting
supply for the installation, either Stopping or preventing the dangerous
completely or partially. movement

Command: Emergency Off Emergency Stop

Classic solution:

Switch of the power supply:

b
RN
s

Switch-of the drive power supply:

Solution with the STO
safety function
integrated in the
drive:

STO is not suitable for safely
switching of an electric voltage.

It is permissible that you switch of the
inverter supply voltage as well.
However, switching off the voltage is
not required as a risk-reduction
measurement.
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3.7 Safe Torque Off (STO)

Application examples for the STO function

The STO function 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 through friction. STO does not shorten the
run-on of machine components with high inertia.

Examples Possible solution
When the Emergency Stop button is pressed, a e Wire the Emergency Stop button to a
stationary motor should not unintentionally start. safety-related input of the inverter.

e Select STO via the safety-related input.

A central emergency stop button must preventthe | Evaluate the Emergency Stop button in a
unintentional acceleration of several motors that central control.
are at a standstill.

e Select STO via PROFlsafe.
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3.8 Safe Brake Control (SBC)

3.8 Safe Brake Control (SBC)

How does the SBC safety function work?

An inverter equipped with the SBC function monitors the cables to an electromagnetic brake
and when requested, safely shuts down the 24 V control of the brake.

You must supplement the inverter with a Safe Brake Relay for the SBC function.

Safe Brake Relay
& y L e Anwahl STO
: : 24V STO ist aktiv
‘9 T | e sBC
anfordern
24V
The brake can be integrated in the motor or externally mounted.
Table 3-3  The principle of operation of SBC
Safe Brake Control (SBC) Standard brake functions
1. | When the STO function is active, the Select STO? The brake closes.
inverter requests the SBC function via | ». | The brake maintains the motor
the connecting cable to the Safe | t shaft in position.
Brake Relay. Speed STO
The Safe Brake Relay safely switches
off the supply voltage for the
connected brake. SBC
2. | The inverter signals that "STO is |
active" via a safety output or via the STO is active :
PROFIsafe safe communication. |_
Pt

The safety-related brake control does not mean that the brake keeps the load in position.
The SBC function is not able to identify as to whether the brake is mechanically worn, for
example.
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The SBC safety function is standardized

The SBC function is defined in IEC/EN 61800-5-2:

"The SBC function supplies a safe output signal to control an external brake."

3.8 Safe Brake Control (SBC)

The SBC inverter function complies with what is defined in the standard.

Application example for the SBC function

Example

Possible solution

After a hoisting gear stops, the inverter must close
the brake in order to minimize the risk of the load
falling.

Connect the motor holding brake to the
inverter via Safe Brake Relay.

Select STO when the drive stops.
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3.9 Safe Stop 1 (SS17)

3.9

Safe Stop 1 (SS1)

How does SS1 function?

Select SS1
SS1 is active
STO is active

When the SS1 function is active, the inverter reduces the

kinetic energy of the machine components to the lowest
possible level.

The principle of operation of SS1 differs depending on whether you use SS1 with basic
functions or with extended functions.

SS1 of the basic functions

Table 3- 4

Principle of operation of SS1, selected when the motor is rotating

Safe Stop 1 (SS1)

Standard inverter functions linked
with SS1

The inverter recognizes the
selection of SS1 via a safety input
or via the PROFIsafe safe
communication.

2. | SS1 starts a safety timer T.
The inverter signals "SS1 is
active".

3. | After the timer expires, the inverter

safely switches off the motor torque
with the STO function.

The inverter signals that "STO is
active" via a safety output or via the
PROFIsafe safe communication.

Select SS1 t
1 t

SS1

SpeedT

;

STO

SS1 is active T

ey

STOis activeT

The inverter brakes the motor along
the OFF3 ramp.

32
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SS1 of the extended functions

Table 3-5

Principle of operation of SS1, selected when the motor is rotating

3.9 Safe Stop 1 (SS17)

Safe Stop 1 (SS1)

Standard inverter functions linked
with SS1

1. | The inverter recognizes the

or via the PROFlsafe safe
communication.

selection of SS1 via a safety input

the motor speed decreases.

The inverter signals "SS1 is
active".

2. | The inverter monitors as to whether

motor torque using STO.
The inverter signals that "STO is

PROFlsafe safe communication.

3. | If the motor speed is low enough,
the inverter safely switches off the

active" via a safety output or via the

Select SS1 T
L] ;.
SpeedT 881
LN\
STO

T B = =

|

SS1 is active T ! !

| ! "

STOis activeT | ot
>

The inverter brakes the motor along
the OFF3 ramp.

The SS1 safety function is standardized
The SS1 function is defined in IEC/EN 61800-5-2:

"[...1[1] Initiate and monitor the magnitude of the motor deceleration within the defined limits
and initiate the STO function if the motor speed falls below a defined limit value.

or

[2] Initiate motor deceleration and activate the STO function after an application-specific time

delay."

The inverter function SS1 of the extended functions complies with the first definition of the

standard.

The inverter function SS1 of the basic functions complies with the second definition of the

standard.

Application example

Example

Possible solution

The drive must brake as quickly as possible after .
the Emergency Stop button has been pressed. It is
not permissible that the stationary motor
undesirably restarts.

Select SS1 in the inverter using a safety
input or via PROFIsafe.
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3.10 Safely Limited Speed (SLS)

3.10 Safely Limited Speed (SLS)

How does SLS function?

An inverter with active SLS function can reduce the
velocity or speed of a machine component and monitor
it without having to interrupt machining operation.

Select SLS
SLS is active

Table 3- 6 Principle of operation of SLS, selected when the motor is rotating

Safely Limited Speed (SLS) Standard inverter functions linked

The inverter monitors the absolute
actual speed against the set SLS
monitoring.

The inverter signals that "SLS is
active" via a safety output or via the
PROFIsafe safe communication.

If the motor speed exceeds the
SLS monitoring, the inverter
responds with a "safe stop" and
brakes the motor as quickly as
possible.

SLSis activeT

with SLS
1. | The inverter recognizes the Select SLST —
selection of SLS via a safety input | 5
or via the PROFIsafe safe | ik
communication. Speed 4 | SLS
2. | SLS allows a motor to reduce its The inverter limits the speed
possibly inadmissibly high speed 0 0, 0 ) setpoint to values below the SLS
within a defined time — or to reduce E—y'v‘ monitoring.
it along a defined braking ramp. 0 P | If the motor rotates faster than the
b . SLS monitoring value, then the
inverter brakes the motor along the

OFF3 ramp.

The inverter limits the speed
setpoint to values below the SLS
monitoring.

The SLS safety function is standardized
The SLS function is defined in IEC/EN 61800-5-2:

"The SLS function prevents the motor from exceeding the defined speed limit."

34

The SLS inverter function complies with what is defined in the standard.
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Table 3-7

Application examples for the SLS function

3.10 Safely Limited Speed (SLS)

Examples

Possible solution

Setup mode: The machine operator must enter the
dangerous area of a machine and manually
introduce material into a machine part.

e Select SSL in the inverter via a safety input
or via PROFIsafe.

from damage.

A turning machine must not exceed a specific
maximum torque in order to protect the drill chuck

e The inverter limits and monitors the speed
of the machine part.

Select SLS
Select SLS level
SLS level is active °
SLS is active

Functional expansion: selecting SLS levels

Expansion of the SLS function to include several SLS
levels:

The speed monitoring of the SLS function can be
extended to include a maximum of 4 different SLS
levels.

e The inverter requires additional safety-related

signals to select an SLS level and to signal back
which SLS level is active.

The switchover from a higher SLS level 2 to a lower SLS level 1 is described as example.

Switching over from SLS level 2 to SLS level 1

Safely Limited Speed (SLS)

Standard inverter functions linked
with SLS

The inverter signals "SLS level 2 is
active" via the safety-related
PROFIsafe communication.

The inverter recognizes the
selection of SLS level 1 via the
safety-related PROFIsafe
communication.

SLS allows a motor to reduce its
possibly inadmissibly high speed
within a defined time - or to reduce
it along a defined braking ramp.

The inverter monitors the absolute
actual speed against SLS level 1.

The inverter signals "SLS level 1 is

active" via the safety-related
PROFIsafe communication.

Select SLS A

The inverter limits the speed

Select SLS
level | Level 2

». | setpoint to values below SLS level

[
Speed A |
[
[

Vo4

Tt
Level 1 &
"t
SLS
Level 1 The inverter limits the speed
setpoint to values below SLS level
1.
NN If the motor rotates faster than the
e~ SLS monitoring value, then the

SLS is active &

>t inverter brakes the motor along the
OFF3 ramp.

The inverter limits the speed

SLS level is
active Level 2

|
|
I
' Level 1 - 1.

setpoint to values below SLS level
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3.10 Safely Limited Speed (SLS)

Application example for selecting SLS levels

36

Examples

Possible solution

Depending on the diameter of the saw blade, a
circular saw must not exceed a specific maximum
speed.

e Select SLS and the corresponding SLS
level in the inverter via PROFIsafe.

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
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3.11 Safe Direction (SDI)

3.1 Safe Direction (SDI)

How does SDI function?

The inverter with active SDI function prevents that a
Select SDI machine component moves in the inhibited direction.

SDl is active

Table 3-8 Principle of operation of SDI, selected when the motor is rotating

Safe Direction (SDI) Standard inverter functions linked
with SDI
1. | The inverter recognizes the Select SDI ---
selection of SDI via a safety input T | -
or via the PROFIsafe safe : "t
communication. Speed A I
2. | SDI allows a motor to stop moving : SDI The inverter limits the speed
in the inhibited direction of rotation N setpoint to values in the selected
within a defined time — or along a : direction of rotation.
defined braking ramp. 0 '[ MAAN ., | If the motor rotates in the inhibited
' : direction, then the inverter brakes
I the motor along the OFF3 ramp.
3. | The inverter monitors the direction | SP!is ac“"eT '— The inverter limits the speed
of the actual speed. >, setpoint to values in the selected
The inverter signals that "SDl is direction of rotation.
active" via a safety output or via the
PROFIsafe safe communication.
If the motor rotates in the inhibited
direction, the inverter responds
with a "safe stop" and brakes the
motor as quickly as possible.

The SDI safety function is standardized
The SDI function is defined in IEC/EN 61800-5-2:
"The SDI function prevents the motor shaft moving in the wrong direction."

The SDI inverter function complies with what is defined in the standard.
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3.11 Safe Direction (SDI)

Application examples

38

Example

Possible solution

When replacing the pressure cylinders of the
plates, it is only permissible that the drive moves in
the safe direction.

e Select SDI in the inverter via a safety input
or via PROFIsafe.

After a protective device to detect a jammed door
responds, a rolling shutter gate may only move in
the opening direction.

e In the inverter, inhibit the direction of
rotation that is not permitted.

When a crane trolley is at the operating limit switch
then it may only start in the opposite direction.

To manually clean the roller in a printing machine,
the roller must only turn in a specific direction.

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
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3.12 Safe Speed Monitoring (SSM)

3.12 Safe Speed Monitoring (SSM)

How does SSM function?

The inverter with active SSM function signals
Speed below the whether the velocity or speed of a machine
limit value component is above or below a limit value.

Table 3-9  The principle of operation of SSM

Safe Speed Monitoring (SSM) Standard inverter
functions linked with SSM
1. | The SSM function cannot be Speed A -—
selected or deselected using
external control signals, in the SSM >
appropriate setting, it is always

active. NN\
2. | The inverter compares the motor

speed with an adjustable limit
value.

[=]
Eg
_!F

3. | If the speed is less than the limit |
value, the inverter signals "Speed Speed below the |
below limit value" via a safety limit valueT | | | | L
output or via safety-related
PROFIsafe communication.

The SSM safety function is standardized
The SSM function is defined in IEC/EN 61800-5-2:

"The SSM function supplies a safe output signal to indicate whether the motor speed is
below a specified limit value."

The SSM inverter function complies with what is defined in the standard.

Application example

Example Possible solution
A centrifuge may only filled below a certain The inverter safely monitors the centrifuge
minimum velocity. speed and enables the process to advance to

the next step using the status bit "Speed below
limit value" via PROFIbus.
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3.12 Safe Speed Monitoring (SSM)
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4.1

Installing the inverter

Procedure

The following overview shows the procedure for installing integrated safety functions in an
inverter. The step selected in gray is described in this manual. For information on the steps

that are not selected, you will need to consult descriptions in other manuals.

Proceed as follows:

1.

If you are using a higher-level control system (PLC), then
create the control program first.

Install the inverter.

— operating instructions of your inverter.

Connect the inverter to the line supply, and wire the
standard inputs and outputs of the inverter.

- operating instructions of your inverter.
Connect the safety inputs and outputs

- in this manual: Activation via F-DI (Page 51).

- in this manual: Evaluating via F-DO (Page 71).

Configuration and
installation

IsaPLC
being used?

Creating a PLC o
program
I

v

Installing a converter e

v
Wiring standard 1/0 e

v
Wiring fail-safe 1/O 0

v

G

O You have installed the inverter and prepared it for commissioning.

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
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4.2 Connection via PROF/safe

4.2 Connection via PROFIsafe

421 Overview of PROFIsafe connections

Communication via PROFIsafe

For communication via PROFIsafe, you must connect the inverter to a central fail-safe
control (F-CPU) via either PROFIBUS or PROFINET.

| F-CPU
i
\

\ @ PROFINET / PROFlsafe
s S ———— e ———— e —————
I SIMATIC  SINAMICS \ SINAMICS G120 \ SIMATIC
| ET 200 G120D \ SINAMICS G120C V' ET 200pro FC-2

oofen a2
u. o) -

auono
o) 1 B
fele)

o

IM154 HF

SINAMICS
G110M
T @

Figure 4-1 PROFIsafe communication between an F-CPU and an inverter, e.g. via PROFINET
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4.2 Connection via PROF/safe

The SIMATIC ET 200pro FC-2 converter does not have its own PROFIsafe interface. The
central F-CPU controls the safety functions of the ET 200pro FC-2 via a "High Feature"
interface module and the PROFIsafe "F-Switch" module.

The F-Switch module switches the "FO0" and "F1 rails" in the backplane bus of the ET-200pro
system. The inverter evaluates the FO rail using an internal, safety input.

I F-CPU
\
\
\ @ PROFINET / PROFlsafe
PRSEE| SOV 8. et o i Pt
\ SIMATIC
: IM154 HF F-Switch ET 200pro FC-2
L- L e L ra
-| I ¢ T ¢ <
|PROF|safe [ safety |
i —c < FO
: < F1
I
2L+ 2M

Figure 4-2  F-Switch to connect PROFIsafe of the ET 200pro FC-2 converter, e.g. via PROFINET

Additional information on the ET 200pro system and the F-Switch module is available in the
"SIMATIC distributed ET 200pro I/O system" Operating instructions. See also Section:
Manuals for your inverter (Page 334).

Additional possibilities of installing the F-Switch module are listed in the Internet: FAQ
(http://support.automation.siemens.com/WW/view/en/26694409).
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4.2 Connection via PROF/safe

Shared Device

The PROFINET "Shared Device" function allows two controls to access the same
PROFINET IO device, e.g. on a SIMATIC ET 200 I/O system or on an inverter. Typical
applications for "Shared Device" are systems, in which a standard CPU and a fail-safe CPU
are used as separate controllers:

® The fail-safe controller (F-CPU) is responsible for the safety functions in the inverter or in
the SIMATIC ET 200 I/O system.

e The standard controller transfers all other signals.

B F-CPU I CPU
H @ J
\
\ @ PROFINET / PROFlsafe
e e D o s
| SIMATIC ~ SINAMICS \ | SINAMICS G120 \ \ SIMATIC
L ET 200 G120D \ | SINAMICS G120C | ! ET 200pro FC-2
"""" . terEet . "=T‘— e [y [ -3
l UTEEEE
s \ 1do”'_a°u°u°
Ols s s : IM154 HF
\

SINAMICS
G110M
T @

Cly

Figure 4-3  Shared device is possible with every inverter

Communication I-slave < slave

44

It is only possible to use an F-CPU as | slave via PROFIBUS.

The SIMATIC ET 200pro FC-2 converter permits I-slave-slave communication. On one hand,
the F-CPU is slave on PROFIBUS - and on the other hand, controls the safety functions of
the inverter via PROFIsafe.

PROFIsafe communications between SINAMICS inverters and an I-slave is not possible.

I CPU
|I-Slave = Slave [d PROFIBUS / PROFIsafe
\_ | @ PROFIBUS
SINAMICS G120 SINAMICS

\ \
i | SIMATIC SIMATIC SINAMICS G120C G120D
, F-CPU | ET200 , ET200pro FC-2 .

] " —

. . = e e
& -

|

-
Lo o
o

N [dol fufs

IM154 HF
SINAMICS

o &

Figure 4-4  The I-slave-slave communication is only possible with ET 200pro FC-2
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4.2 Connection via PROF/safe

PROFIsafe communication within the SIMATIC ET 200pro

The SIMATIC-ET-200pro system allows safety-related communication, restricted to the
system:

e The ET-200pro system is node on the PROFIBUS or PROFINET.

e Within the ET-200pro system, the interface module with integrated fail-safe control (IM F-
CPU) controls the safety functions of the inverter via PROFIsafe.

B CPU

| Il PROFINET

SIMATIC
ET 200pro FC-2

o
|

SIMATIC
IM154 F-CPU F-Switch ~ ET 200pro FC-2
[ PROFisafe | [ “safety |
F-CPU : r— < FO
: < < F1
[i] le C le (- ’—C C
F-DI

O,

Figure 4-5  Safety-related communication between an IM F-CPU and inverter within an ET 200pro,
e.g. on PROFINET
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4.2 Connection via PROF/safe

4.2.2 PROFIsafe telegrams

Two telegrams are available for the data exchange via PROFIsafe between the inverter and

the higher-level controller:

Table 4- 1 PROFIsafe telegrams

0 [

Telegram 30
_x\ [

Telegram 900
_~ | F-DI0

= i S_STW1
~ |F-on

Safety

N
N [F-Pr2 STO, SS1, SLS,

Overview using PROFINET / PROFlsafe as | Telegram Process data (PZD)
example PZD1 PZD2
._ E-CPU Telegram 30 S_STwW1
PZD 1/1 S_ZSW1 —
| Telegram 900 S_STWA1 S_STW5
: @ PROFINET / PROFlsafe PzD 212 S_ZSW1 S_ZSW5

The higher-level control selects the safety functions in
the inverter via the control word S_STW1. The inverter
uses the status word S_ZSW1 to report the status of
the safety functions to the controller.

Telegram 900 of the PROFIsafe profile also contains
control and status word 5. The inverter uses status
word S_ZSWS5 to transfer the state of the safety digital
inputs to the control.

S_STW: Safety control word; S_ZSW: Safety status word

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
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4.2 Connection via PROF/safe

423 Control word 1 and status word 1 (basic functions)

Table 4-2  Control word 1 (bit 0 ... 15)

Byte | Bit Function Comment
0 0 STO 0 Select STO
1 Deselect STO
1 SS1 0 Select SS1
1 Deselect SS1
2...6 | Not relevant
7 Internal Event |0 Do not acknowledge faults
ack 1-0 Acknowledge "Internal event" for a 1 - 0 signal change

7 8... 15 | Not relevant

Table 4-3  Status word 1 (bit 0 ... 15)

Byte | Bit Function Comment
0 0 Power removed |0 STO is not active
1 STO is active
1 SS1 active 0 SS1 is not active
1 SS1 is active

2...6 | Notrelevant
7 Internal Event 0 Fault-free operation

The inverter signals an "internal event"

7 8... 15| Not relevant
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4.2 Connection via PROF/safe

424 Control word 1 and status word 1 (extended functions)

Table 4-4  Control word 1 (bit 0 ... 15)

Byte |Bit Function Comment
0 0 STO 0 Select STO
1 Deselect STO
1 SS1 0 Select SS1
1 Deselect SS1
2 3 | Not relevant
4 SLS 0 Select SLS
1 Deselect SLS
5,6 | Not relevant
7 Internal event 0 Do not acknowledge faults
ack 1 - 0 | Acknowledge "Internal event" for a 1 -~ 0 signal change
1 0 Not relevant
1 SLS level bit 0 Select SLS level Bit 10 |Bit9
Level1 |0 0
2 SLS level bit 1 Level2 10 1
Level 3 |1 0
Level4 |1 1
Not relevant
4 SDI positive 0 Select SDI with positive direction of rotation
1 Deselect SDI with positive direction of rotation
5 SDI negative 0 Select SDI with negative direction of rotation
1 Deselect SDI with negative direction of rotation

6, 7 | Not relevant

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
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4.2 Connection via PROF/safe

Table4-5  Status word 1 (bit 0 ... 15)

Byte |Bit Function Comment
0 0 Power removed |0 STO is not active
1 STO is active
1 SS1 active 0 SS1 is not active
1 SS1 is active
2, 3 | Not relevant
4 SLS active 0 SLS is not active
SLS is active
5, 6 | Not relevant
7 Internal Event 0 Fault-free operation
The inverter signals an "internal event"
1 0 Not relevant
1 SLS level bit 0 SLS level is active Bit 10 |Bit9
Level1 |0 0
2 SLS level bit 1 Level 2 10 1
Level 3 |1 0
Level 4 |1 1
Not relevant
4 SDI positive 0 SDI positive direction of rotation is not active
active 1 SDI positive direction of rotation is active
5 SDI negative 0 SDI negative direction of rotation is not active
active 1 SDI negative direction of rotation is active
Not relevant
7 Status SSM 0 Absolute value of the speed is greater than the SSM limit
value
1 Absolute value of the speed is less than the SSM limit
value
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4.2 Connection via PROF/safe

425 Control word 5 and status word 5

Table 4-6  Control word 5 (bit 0 ... 15)

Byte | Bit Function Comment
0.. 1|0 Reserved Assign the value 0 to the reserved bits.
1

15

Table 4-7  Status word 5 (bit 0 ... 15)

Byte | Bit Function Comment SINAMICS SINAMICS
G120 G120D
0 0 Reserved -
1 8 Status of safety inputs 0 | LOW signal (0 V) At terminals 5 | At pins X7.2
1 | HIGH signal (24 V) |2and6 and X7.4
9 0 | LOW signal (0 V) At terminals 7 | At pins X8.2
1 | HIGH signal (24 V) |2and8 and X8.4
10 0 | LOW signal (0 V) At terminals | At pins X9.2
1 | HIGH signal (24 V) 16 and 17 and X9.4
11 Reserved -
15

An overview of the safety inputs can be found in section Safety inputs (Page 51).

If one of the two following conditions is satisfied, the inverter sets the particular bit 8 ... 10 in
the status word 5 to zero, independent of the voltage levels that are present:

® The corresponding safety input is not used.

® The inverter has deactivated the relevant safety input due to a discrepancy.
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4.3 Activation via F-DI

4.3 Activation via F-DI

4.3.1 Safety inputs

In the factory setting of the inverter, the safety inputs are not assigned to the integrated
safety functions. Only when commissioning do you define whether you use, for example,
digital inputs DI 4 and DI 5 for standard functions, or by combining them, you create a safety
input.

The SIMATIC ET 200pro FC-2 converter does not have directly
accessible safety inputs. If you wish to control the safety functions of
this inverter via an input within the ET-200pro station, then you will need
the F-RSM or F-Switch module.

Wiring examples are provided in the following section, also see Wiring
examples (Page 54).

Assignment of safety inputs

Table 4- 8 Inverters (chassis units, IP20) with only one safety input

SINAMICS G120C SINAMICS G120 Terminal strip Digital input Safety input
with
CU240E-2
CU240E-2 DP
CU240E-2 PN
Control Units

16 Dl 4 F-DI O
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4.3 Activation via F-DI

Table 4-9 Inverters (chassis units IP20) with several safety inputs

SINAMICS G120 Terminal strip Digital input Safety inputs
‘é:viLtJh240E oF Basic functions | Extended
g functions
CU240E-2 DP-F
CU240E-2 PN-F
CU250S-2
CU250S-2 CAN
CU250S-2 DP
CU250S-2 PN Control
Units
5 DI O - F-DI O
6 DI 1
7 DI 2 F-DI 1
8 DI3
16 DIl 4 F-DI 0 F-DI 2
17 DI 5
Table 4- 10 Inverters for cabinet-free installation (IP65) with only one safety input
Connector.pin Digital input Safety input
SINAMICS G120D with X9.4 DIl 4 F-DI O
gggjgg-g EE Control Units X9.2 bIs
X8.4 DI 2 F-DI O
X8.2 DI 3
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4.3 Activation via F-DI

Table 4- 11 Inverters for cabinet-free installation (IP65) with several safety inputs
SINAMICS G120D Connector.pin Digital input Safety inputs
with Basic functions | Extended
CU240D-2 DP-F functions
CU240D-2 PN-F
CU240D-2 PN-F PP
CU240D-2 PN-F FO
CU250D-2 DP-F
CU250D-2 PN-F
CU250D-2 PN-F PP
CU250D-2 PN-F FO
Control Units
= — X7.4 DI O - F-DI 0
ij‘ X7.2 DI 1
X8.4 DI 2 F-DI 1
e X8.2 DI 3
X9.4 Dl 4 F-DI O F-DI 2
X9.2 DI 5

Safety-related signals, e.g. the switching state of a sensor, must be wired using two
channels with one safety input. The inverter evaluates the signal on two separate signal

paths.

What devices can be connected?

Signal states

Fault detection

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2

The safety-related input is designed for the following devices:

e Connection of safety sensors, e.g. emergency stop command devices or light curtains.

e Connection of pre-processing devices, e.g. fail-safe control systems and safety relays.

The inverter expects signals with the same state at its safety-related input:

e High signal: The safety function is deselected.

® | ow signal: The safety function is selected.

The inverter evaluates deviations in the two signals of the safety-related input. The inverter
thus detects, for example the following faults:

® (Cable break

e Defective sensor

The inverter cannot detect the following faults:

® Cross-circuit of the two cables

® Short-circuit between signal cable and 24 V power supply

Function Manual, 04/2014, FW V4.7, ASE34261271B AA
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4.3 Activation via F-DI

Special measures when establishing connections

When routing cables over longer distances, e.g. between remote control cabinets, you have
the following options to reduce the risk of damaged cables when your plant or machine is
operating:

e Use shielded cables with grounded shield.

® | ay signal cables in steel pipes.

4.3.2 Wiring examples

On the following pages, you will find examples of interconnecting safety digital inputs in
accordance with PL d to EN 13849-1 and SIL 2 to IEC 61508.

4.3.2.1 Connecting sensors

Electromechanical sensor

If there is a risk of cross-circuits or short-circuits, the cables between the sensor and the
inverter must be protected, for example, by routing them in a steel tube.

The inverter provides the supply voltage

9[+24V out
) s SINAMICS Yo Al
5[DI0 G120 ’_il-i & LX74[DI0 ——
SRMCE Y RERI0 L =2 ) X7.2]DI 1
) —@—) X8.1]L1+
i@ iz ] —@@)xwmz
O 5lois el L 2 ) Xs.2[DI 3
] X911+
N D <
PII.Q‘IBDM —%@)xg.wm
—~a.+@ 17]DI5 F-DI2 L 2 )X9.2[DI’5
69(DI COM1| - 24V DC
) X1.4[1L+
34|DI COM2) v
28]GND M___ ~)X121M
SINAMICS SINAMICS
G120C YXBAL* G110M
5 2X8.4[DI 2
) X8.2|D1 3
DI 4 - 24V DC " 7
17|DI 5 ]F B Bty — =) X1.4[1L+
69|DI COM1 M X12[1M ':'
E34 DI COM2
28|GND

) The 24 V supply is not required when using the G110M "24 V Power Module" option

Figure 4-6  Connecting an electromechanical sensor to the inverter power supply
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External power supply

24V DC

DI 0

:

DI 1

DI 2

|~

DI 3

DI 4

DI 5

DI COM1

DI COM2

16|DI1 4

17[DI 5

69Dl COM1

34|DI COM2

Figure 4-7

Connecting an electromechanical sensor to an external power supply

SINAMICS

1L+

Y X7.4[DI0

2 X7.2|DI 1

L1+

Y X8ALT+

) X8.4|DI 2

Y X8.2[DI 3

) X1.411L+

YX1.2[1M

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
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4.3 Activation via F-DI

SIMATIC ET 200pro

The SIMATIC ET 200pro FC converter does not have its own inputs. If you wish to directly
control the safety functions of the ET 200pro FC-2 via a sensor, then you will require the
F-RSM or the F-Switch module.

The F-RSM module evaluates the sensor, and switches the "FO rail" in the backplane bus of
the ET-200pro system. The inverter evaluates the FO rail using an internal, safety input.

B PROFINET

SIMATIC
IM154 F-RSM ET 200pro FC-2

3TK2841 [Csafety |
—— FO

N
~
~

r

H
< < F1
[ll | IN1 IN2
2L+ 2Mm a1 2|5
0o Inknl
-t

Figure 4-8  Directly controlling the safety functions in the ET 200pro FC-2 converter via the F-RSM
module

The F-Switch module evaluates the sensor, and also switches the "FO rail" in the backplane
bus of the ET-200pro system. The inverter evaluates the FO rail using an internal, safety
input.

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
56 Function Manual, 04/2014, FW V4.7, ASE34261271B AA



Installing
4.3 Activation via F-DI

SIMATIC
IM154 HF F-Switch ET 200pro FC-2
& ( FO
{ F1

N

ala)

2L+ 2M

Figure 4-9  Directly controlling the safety functions in the ET 200pro FC-2 converter via the F-Switch
module

Additional installation options for the F-Switch and F-RSM modules are listed in the following
FAQ: FAQ (http://support.automation.siemens.com/WW/view/en/26694409).

Series-connected electromechanical sensors

You may connect Emergency Stop control devices in series if it can be ruled out that the
Emergency Stop command devices are simultaneously actuated. The simultaneous failure of
Emergency Stop control devices connected in series can generally be ruled out.

According to IEC 62061 (SIL) and EN I1SO 13849-1 (PL), position switches of protective
doors may also connected in series.

Exception: If several protective doors are regularly opened at the same time, it is not
possible for faults to be detected, which means that the position switches must not be
connected in series.

If there is a risk of cross-circuits or short-circuits, the cables between the sensor and the
inverter must be protected, for example, by routing them in a steel tube.
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The inverter provides the supply voltage

Connect the 24 V supply of the inverter to the sensors and connect the reference potentials
of the inputs used to GND.

—————1.9I*+24V out]
o[+24V out SINAMICS SINAMICS
M}g - G120C
o T fo 5|DI0 F-DI0 G120 9|+24V out
2 B[DI 1 |
M@ oz |] 165|014 F-Dio [HI2OS
o o === F-DI1 17|DI5
—F T . 69|DI COM1
=) =) B E 34|DI COM2
5 o |16l F.DI2 28|GND L
L Q@ O e |
69]DI COM1
E34 DI COM2]
28|GND
SINAMICS
Y X8 AL+ G110M
YX84DI2 |-
O 17O xsopiz ]P0
ooll
24V DC Y XA
K +
M ——SX12[iM IS
»i,.—i,.—_ﬁ) X7 AL+
X7.4[DI 0
<) <) %x'{_z DI 1 SINAMICS
e T T

oMo L8t | S
%) X8.4[D1 2

L = =) X8.2|DI 3 wae
'ﬂjxg‘l L1+
4@@@) X9.4]D1 4
=i ~=—) X9.2|DI5

Y XTA[L*
M ——— ) X1.2[1M

T The 24 V supply is not required when using the G110M "24 V Power Module" option

Figure 4-10 Connecting electromechanical sensors to the inverter power supply in series
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External power supply

Connect the external power supply to the sensors and connect the reference potentials of
the inputs used to the reference potential of the external power supply.

24V DC
SINAMICS
w 510 24V DC Dilets
—.M B[DI 1 P
&> —+o 1[4
m& AW : : 17[DI 5
__;__fi_;__'.ﬁ DI 3 M 69(DI COM1
M [ iprcowe
8 g 16]D14
L2 2 17DI5
i 59|DI COMA
M [ Fibrcome
SINAMICS
YXBAJLA+ G110M
! 8 ! g 2841012 | 1¢.pi0
Y X8.2D1 3
) 4
24V DC X141+
M
) X7 AL+ —_— ) X1.21M ]:I

g g IX74|DI 0
= =) X7.2|DI 1
JXBALTY | e =

. g . g)XBADIZ

>—-t._f_—-|._{_—) x8.2|DI 3

SINAMICS

) X9.1JL1+

g 8 ) X9.4DI 4
=L ) X9.2|DI 5
. Y XA+
) X1.2[1M

Figure 4-11  Connecting electromechanical sensors to an external power supply in series
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Activating several inverters simultaneously

You may activate the safety functions of several converters simultaneously with one or
several series-connected safety sensors.

If there is a risk of cross-circuits or short-circuits, the cables between the sensor and the
converter must be protected, for example, by routing them in a steel tube.

The converter provides the supply voltage

Connect the 24 V supply of the converter to the sensors and connect the reference
potentials of the inputs used to GND.

{_9]+24V out

5|DI 0
6|DI 1

SINAMICS
G120

DI 2
DI 3

col~

—69|DI COM1
+— 34|DI COM2
—28|GND

DI O
DI 1

=21 k%

DI 2
DI 3

oo|~

69|01 COMA1
34|DI COM2
—28|GND

|

Figure 4-12  Simultaneous activation of several converters with converter power supply
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External power supply

Connect the external power supply to the sensors and connect the reference potentials of
the inputs used to the reference potential of the external power supply.

SINAMICS

24V DC
—tg ig 5[DIo
i 6[D1 1

0 Te
i@ E@ 7[DI2

8|DI 3

69|DI COM1
34|DI COM2

Y X7.4]DI 0
Y X7.2|DI 1

LY X8.4]DI 2
) X8.2[DI3

e Y X1.4[1L+
Y X1.2[1M

Figure 4-13  Simultaneous activation of several converters with external power supply
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4.3.2.2 Connecting pre-processing devices
If you use safety relays with electronic enabling circuits, the relays must feature outputs that
switch to P potential. The safety relay switches the 24 V supply line to the converter but not
the ground return line.
Safety relays with relay enabling circuits are only permitted if, as a minimum, they have an
internal two-channel configuration.
The following pages describe a number of typical circuits for various types of safety relay.
Exactly how these are interconnected depends on whether the safety relay and the converter
are housed in the same or separate control cabinets.

3TK28 safety relay

62

The typical circuits described on the following pages are based on safety relays with relay
enabling circuits. Safety relays with semiconductor enabling circuits can also be used.

The diagrams only show how the safety relay and inverter are interconnected. Information
providing full details of how the safety relay is wired can be found in the product-specific
documentation: SIRIUS 3TK28 safety relays
(http://support.automation.siemens.com/WW/view/en/26414637/133300).
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Components in the same control cabinet

A control cabinet that has been designed and wired correctly does not contain any damaged
wiring or cross circuits.

Under the assumption that the preprocessing devices switch the output used twice (involves
two contacts in series), within a control cabinet you can interconnect the safety relay and
inverter through a single channel cable connection. The two terminals of the safety input
must be connected to each other at the inverter.

24V DC

i

Al Y1Y12 13 23 33 Al Y1Y12 13 23 33
|l |
3TK2823- \ \ 3TK2823- \ \
1CB30 \ \ 1CB30 \ \
Y21 Y22 A2 14 24 Y34 Y21Y22 A2 14 24 Y34
SINAMICS
Safety function 1 Safety function 2 5[DI 0
6|DI 1
7]D1 2
Lisors
59]D1 COM1
34|DI COM2)
M

Figure 4-14 Interconnecting the inverter and safety relay within the same control cabinet
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Components in separate control cabinets
If the components are located in separate control cabinets, the wiring between the safety
relay and safety inputs in the inverter must be installed such that it is protected against cross
and short-circuits.
Transfer the two signals for activating a safety function via wires in separate lines. In the

example, the signals for terminal 5 and 7 are transferred via the first wire. The signals for
terminal 6 and 8 are then transferred via the second wire.

Control cabinet 1
24V DC

Al Y11 Y12 13 23 33 A1 Y11 Y12 13 23 33
(N ||
3TK2823- \ \ 3TK2823- \ \
1CB30 \ \ 1CB30 \ \
Y21Y22 A2 14 24 Y34 Y21 Y22 A2 14 24 Y34
Safety function 1 Safety function 2

M

|~ Cables routed in —
steel conduit

Control cabinet 2

SINAMICS
. G120
6D 1 ]F'D'O R
=
g
7[D1 2 0
8|DI 3 :IF‘D” 7]
69]DI COMA =
F 34]DI COM2

Figure 4-15 Interconnecting the inverter and safety relay in separate control cabinets
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3RK3 Modular Safety System

You can use both the safety outputs in the MSS Basic central unit of the 3RK3 modular
safety system as well as the outputs in the EM 2/4F-DI 2F-DO expansion module to activate
the F-Dls of the inverter.

The safety relay outputs of the EM 2/4F-DI 1/2F-RO expansion module must not be used
because these only have a single-channel configuration.

The diagrams only show how the 3RK3 Modular Safety System and inverter are
interconnected. Information providing full details of how the 3RK3 Modular Safety System
are wired can be found in the product-specific documentation: SIRIUS 3RK3 Modular Safety
System (http://support.automation.siemens.com/WW/view/en/26412499/133300).

Components in the same control cabinet

A control cabinet that has been designed and wired correctly does not contain any damaged
wiring or cross circuits.

Under the assumption that the preprocessing devices switch the output used twice (involves
two contacts in series), within a control cabinet you can interconnect the safety relay and
inverter through a single channel cable connection. The two terminals of the safety input
must be connected to each other at the inverter.

Start }J\
o

Safety function 1
1

Safety function .
2

a(
T1[ IN1[ IN3] IN5] IN7
SINAMICS
5]DI 0
L5
B 7]D1 2
' g8|DI 3
A SRK3111- —69]DI COM1
Q11 Q12 Q2 M AA10 + [34]DI COM2)
2 b,

24V DC
M

Figure 4-16 Interconnecting the inverter and Modular Safety System within the same control cabinet
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Components in separate control cabinets

If the components are located in separate control cabinets, the wiring between the Modular
Safety System and the F-Dls on the inverter must be installed such that it is protected
against cross and short-circuits.

Transfer the two signals for activating a safety function via wires in separate lines. In the
example, the signals for terminal 5 and 7 are transferred via the first wire. The signals for
terminal 6 and 8 are then transferred via the second wire.

If you want to use the safety outputs of the 3RK3 central unit for transferring signals via two
channels, inverter discrepancy monitoring must be adapted to the different switching times of
the electronic output and relay contact.

Control cabinet 1

[T
Start P\
e

Safety function 1 Safety function 2

INT| IN3| INS| IN7

E Logic E Logic

3RK3231-*AA10
3RK3231-*AA10

3RK3111-*AA10 | L+| M| Q1

9]
(¥}

A

Cables routed in
steel conduit

Control cabinet 2

SINAMICS
G120

DI 0
DI 1

3| n

— 7DI2
8|DI 3

— 69|DI COMA1
— 34|DI COM2|

Figure 4-17 Interconnecting the inverter and Modular Safety System in separate control cabinets
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S7-300 I/O modules

Safety outputs that switch to P potential are required for activating the safety digital inputs of
the SINAMICS G120. From the S7-300 range, the SM326 DO 10 x 24 VV /2 A PP 1/O module
fulfills this requirement.

The diagrams only show how the 1/0O module and inverter are interconnected. Information
providing full details of how the /O module is wired can be found in the product-specific
documentation: S7-300
(http://support.automation.siemens.com/WW/view/en/10805159/133300).

Components in the same control cabinet

A control cabinet that has been designed and wired correctly does not contain any damaged
wiring or cross circuits.

Under the assumption that the preprocessing devices switch the output used twice (involves
two contacts in series), within a control cabinet you can interconnect the I/O module SM326

and inverter through a single channel cable connection. The two terminals of the safety input
must be connected to each other at the inverter.

24V DC
SINAMICS
F-CPU
= 5|DI 0
0 - ] 6/DI 1
" Safety function
1
7|DI 2
[ 8|DI 3
Safety function
2 69]DI COM1
34|DI COM2)
M

Figure 4-18 Interconnecting the inverter and SM326 1/0 module within the same control cabinet
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Components in separate control cabinets

If the components are located in separate control cabinets, the wiring between the SM326
I/O module and the F-Dls on the inverter must be installed such that it is protected against
cross and short-circuits.

Transfer the two signals for activating a safety function via wires in separate lines. In the
example, the signals for terminal 5 and 7 are transferred via the first wire. The signals for
terminal 6 and 8 are then transferred via the second wire.

Control cabinet 1 Control cabinet 2
24V DC
SINAMICS
F-CPU G120
ul 5(DI 0
rl -
— | —{6[DI ]F Dio \[EHEH
.!  E—
| oHo
\ I— 7Dl 2 :IF-DI‘I Uﬂ__
\ L__["8[pi3 ]
Cables routec_i in 69IDI COMA |
steel conduit F 341DI COM2

Figure 4-19 Interconnecting the inverter and SM326 1/0 module in separate control cabinets
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ET 200 I/O modules

Safety outputs that switch to P potential are required for activating the safety digital inputs of
the SINAMICS G120. From the ET 200 system range, only the fail-safe relay module EM 1
F-RODC 24 V/AC 24...230 V / 5 A of the ET 200S system fulfills this requirement.

The relay module is controlled via a fail-safe ET 200S output module.

The diagrams only show how the 1/0O modules and inverter are interconnected. Information
providing full details of how the I1/O modules is wired can be found in the product-specific
documentation: ET 200S
(http://support.automation.siemens.com/WW/view/en/10805258/133300).

Components in the same control cabinet

A control cabinet that has been designed and wired correctly does not contain any damaged
wiring or cross circuits.

For this reason, you may interconnect the 1/O modules and inverter in a control cabinet by
means of a single-channel wiring arrangement. The two terminals of the safety input must be
connected to each other at the inverter.

[d PROFIBUS Safety

[ 9[+24V out SINAMICS

Safety function || 2|tH 0
1 6[DI 1

7|DI 2
8|DI 3

69|DI COM1
E 34|DI COM2
28|GND

Safety function | |
2

Figure 4-20 Interconnecting the inverter and 1/0O modules within the same control cabinet
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Components in separate control cabinets

If the components are located in separate control cabinets, the wiring between the 1/0
modules and the F-Dls on the inverter must be installed such that it is protected against
cross and short-circuits.

Transfer the two signals for activating a safety function via wires in separate lines. In the
example, the signals for terminal 5 and 7 are transferred via the first wire. The signals for
terminal 6 and 8 are then transferred via the second wire.

Control cabinet 1

F-CPU
1
\ @ PROFINET Safety Control cabinet 2
o o o o -
\
\ ET 200 F00 e
1 3 9 { 9[+24V out SINAMICS
2 0 G120
41 s T
" 6|DI 1
12 1] | cables routed =53
in steel conduit
F-RO 8|DI 3
5 3 9 \
69(DI COM1
8 4 0 E 34|DI COM2
" 28|GND
12

Figure 4-21 Interconnecting the inverter and 1/0 modules in separate control cabinets
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4.4.1 Safety output

4.4 Evaluating via F-DO

In the factory setting of the inverter, the safety output is assigned to none of the integrated
safety functions. Only when commissioning do you define whether you use, for example, the
two digital outputs for standard functions, or you combine them to create a safety output.

Table 4- 12 inverters for cabinet-free installation (IP65)

SINAMICS G120D with Control Unit Connector. | Digital Safety Read back
Pin output output input
— CU240D-2 DP-F X5.4 DO O F-DO 0 X9.2 |DI5
i" % CU240D-2 PN-F X5.2 DO 1
CU240D-2 PN-F PP [ X5.3 2M
- | CU250D-2 DP-F
CU250D-2 PN-F
CU250D-2 PN-F PP
Table 4- 13 Inverter for installation in a control cabinet (IP20)
SINAMICS G120 with Control Unit Terminal Digital Safety Read back
strip output output input
CU2508-2 18: NC DO O F-DO 0 67 |DI6
E ﬂ E CU250S-2 DP 19: NO
CU250S-2 PN 20: COM
o Gad | CU250S-2 CAN 23:NC DO 2
— 24: NO
“ 25: COM

Most applications require NO contacts for a safety output.

If your application requires it, instead of NO contacts, you can also use the two NC contacts of the
inverter. The safe state of the output is always the quiescent state of the two relays.

What devices can be connected?

The safety output is designed for the following devices:

® Direct connection of a safety input.

® Connection of two relays.

The two signals of the safety output each have the same state:

® High signal or NO contact closed: Safety output is active.

® |ow signal or NO contact open: Safety output is not active.
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442

Connecting a relay

1L+

X1.4 (

Connecting the safety output for SINAMICS G120D

24V DC

1™

12

2L+

X1.5 (-

24V DC

2M

X1.1 (.

555e DO 0[X5.4 (
(DO 1]X5.2 (— A
. 8888 l }'-- ok
2M_[X5.3

©|

DI5 [X9.2 (—————

Figure 4-22  Connecting a relay at the F-DO

Connecting an actuator with feedback signal

24V DC

1L+ [X1.4 (
1M [X1.2 (

2L+ [X1.5 (¢D§

2M [X1.1 (.

e

DO 1]X5.2 (—

\2M |X5.3!—5—| T

DI 5 [x9.2(

Figure 4-23 Connecting an F-DO to an actuator

SINAMICS G120D

€]

Connecting a safety input

1L+ [X1.4 (ﬂ
SINAMICS G120D ™M [X1.2 (. N
20+ X156 (——=24V.0C
2M X141 C M
DO 0[X5.4 ]
DO 1[X5.2 ( R
2M_[X5.3 (. M

Figure 4-24  Connecting an F-DO with an F-DI
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443 Connecting the safety output for SINAMICS G120

Connecting a relay

]
+24Vout | 9 —
SINAMICS G120 GND 58—
m- ,1DOONO_T19
D'Z'ED /DO 0 COM][ 20 | [jj--
ooo
gl ™ I I 2,
DO 2 NO | 24 i
DO 2 COM| 25
DI 6 67
DICOM 1 | 69 |—
Msxt

Figure 4-25 Connecting a relay at the F-DO

Connecting an actuator with feedback signal

u
SINAMICS G120 =
DOONO |19

B 155 0 com| 20
—
oHo
ooo
DO 2 NO 24

i /]
D 4 DO 2 COM] 25

DI 6 67
DICOM1 |69

Figure 4-26  Connecting an F-DO to an actuator

Connecting a safety input

SINAMICS G120

+24 V out 9 |—
AR GND 28 |—
| —
oHo DOONO |19
ooo
] |:| +HDO 0 COM| 20 :IF—DI
M
J1DO2NO |24
D0 2 COM| 25

Figure 4-27 Connecting an F-DO with an F-DI

The safety input F-DI must monitor both signals of the safety output for consistency.
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4.5

Connecting a motor holding brake to a Safe Brake Relay

Connecting a Safe Brake Relay and a motor holding brake

The Safe Brake Relay serves
as an interface between the
Power Module and the motor's
brake coil.

The following options are

available for installing the Safe

Brake Relay:

e On a mounting plate

¢ On the control cabinet wall

¢ On the inverter's shield
connection kit

For additional information,

please refer to the associated

installation instructions:

Installation instructions for the
Brake Relay

(http://support.automation.siem

ens.com/WW/view/en/2362317

9.

Cable to the Power Module
External 24 V supply
Motor holding brake

Safe Brake Relay connections
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Procedure
§1 To interconnect the inverter with the motor holding brake via the Safe Brake Relay, proceed
2 as follows:

1. Connect the Safe Brake Relay to the Power Module using the cable harness provided.
Power Modules FSA ... FSC: Power Modules FSD ... FSF

Connection
for Brake
Relay

e Connect the Safe Brake Relay at the
connector on the lower side of the Power

Module.

e Connect the Safe Brake Relay at the

connector on the front of the Power

Module.
¢ Route the control cable in the guide on

the Power Module.

2. Connect the motor holding Safe Brake Relay

brake to the terminals of the 24V DC - \ a B
Safe Brake Relay: ’ o ::q Brake

Control cable to
the converter CTRL

O You have connected the motor holding brake to the inverter via the Safe Brake Relay.
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Commissioning

5.1

Commissioning guidelines

The overview below shows the procedure for commissioning an inverter with integrated
safety functions.

The steps for commissioning the safety functions form part of the activities for
commissioning the entire drive.

® The commissioning steps marked in gray are described - in this manual.

e For the other steps, you are supported by — additional manuals.

Procedure

To commission an inverter with integrated safety functions, proceed as follows:

1. Connect the fieldbus to the inverter, and configure the Start
communication in the higher-level control. ( commissioning )
— manual of your control system
N L . . Are you
operating instructions of your inverter sk & rieldbis?
2. Configure the PROFIsafe communication in the higher-
level control system.
- in this manual: Configure PROFIsafe in the higher-level Connectingand (@)
control system (Page 78). configuring the fieldbus |
3. Carry out the basic commissioning of the drive.
- operating instructions of your inverter usingrsgg'ilsa_
4. Set the inverter safety functions. fe?
- subsequent pages in this manual _
5. Commission all of the other inverter functions required, ggg,?g;’f’g |9
e.g. motor control or the protective functions. ¢
— operating instructions of your inverter Basic commissioning e
6. Perform an acceptance test for the safety functions. 3
- in this manual: Acceptance tests for the safety Setting safety o
functions (Page 156) f”"TO”S |
Setting additional e
functions
v .
Acceptance tests for 0
the safety functions |
v
( End )
O You have commissioned the inverter with integrated safety functions.
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5.2 Configure PROFIsafe in the higher-level control system
You will find the following examples in this chapter:

e Configuring PROFIsafe communication between a higher-level control and an inverter
with a GSD.

e Defining the interface to a SIMATIC control program.
e Configuring shared device communication
You can find additional information as application description or FAQ in the Internet, e.g.

e Configuring a PROFIsafe telegram with Drive ES Basic
(http://support.automation.siemens.com/WW/view/en/64326460)

e Controlling SINAMICS G120 via PROFIsafe, displaying inverter messages on an HMI
(http://support.automation.siemens.com/WW/view/en/61450312)

5.2.1 Configuring PROFIBUS communication with telegram 30 via GSD
Procedure
|:>1 To configure PROFIsafe communication via PROFIBUS in the higher-level control, proceed
2 as follows:

1. Configure your SIMATIC CPU (for example, a CPU315F-2 PN/DP ) with a PROFIBUS
network.

2. Integrate the inverter via its GSD into the PROFIBUS network.

3. Assign the first inverter slot to the PROFIsafe telegram.
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5.2 Configure PROFlsafe in the higher-level control system

4. Assign standard telegram 1, for example, to the other slots of the inverter.
The operating instructions contain further information on the telegrams and slot

sequence.
[z Hw Config - [SIMATIC 300 (Configuration) — G120_in_S7_PROFIsafe] —lolx|
@) Station Edt Insert PLC View Options Window Help —|=] x|
DEeE §(S e da Do B
- i
= (0) UR
1 PS 307 2A PROFIBUS;: DP-Mastersystem (1) Eind: | '"l “l
;} GMJ Profie:  [Standard =l
Xz PNHO = Additional Field Devices d
x2pPi |l Pori = Drives
B | =80 SINAMICS
# @ SINAMICS G120
# @ SINAMICS G120 CUZ30P-2 DP V4.3
< @ SINAMICS G120 CU240D DF v3.00
K — S

0.5 0.5

256...259 |256..258

rd telegram 30

1
2
3
4
5
B
7
8
9
1

=3

= V"JICS G120 CU240x-2 DP V4.3

SIEMENS telegram 35
SIEMENS telegr 353,
SIEMENS telegr 354, PKW+FZD-6/6
Free telegram, FZD-8/8

P channel 4 words
Sleve-to-slave, PZD-1
Sleve-to-slave, PZ0D-2
Sleve-to-slave, PZ0-4

PROFlsafe standard tlegram 30

PROF!SMBSIEMENSﬂ =5 QEJEI‘ILI

Pl — W Y R e

L] § (B4

Press F1 b get Help.

Flsafe standard telegram 30: F-DI/D0 lengi=—"N £,
es

] | .

5. Open the properties dialog by double-clicking on the PROFIsafe telegram.

6. Set the input and output range, e.g. to address 14:

Address /1D |Address Ennflgurailnnl ParameierAsslgnmeml PROFlsafe |

x|

A0 Typae Out- input X Direct Entry... |
— Output
Address: Lttt Uit Cansistent over:
Start: N IE :I IEyte ;I ITota\ length ;I
End 19 ?‘
Process image: @'OB] Pl LI
—Input
Address [Length Wit Consistent over:
Start |14 0 IG :I IEyte LI ITDta\ length LI
End 19 \
Process image: -OEH Pl LI
tanufacturer-speciic data: 05,05,04,05,05,04
(f e 14 bytes hexadecimal separated by cormma ar klank space)
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7. In this dialog, select the "PROFIsafe" tab.
- (@ F_Dest_Add

Note the value of this address. You require this value when commissioning the safety
functions.

- (@ F_WD_Time
Set a value which is greater than the cycle time of your safety program.

If your safety program is called every 150 ms, for example, in OB35, set the value of
F_WD_Time to 200.

Properties - DP slave I x|

Address /1D I Address configuration | Farameter Assignment PROFlsafe |

Pararmeter name ‘ Walue ‘ Hex ‘ Changs valus
F_Check_SeqgNr Mo Check )
F_SIL SiLz

e

F_CRC_Length 3 Biyte CRC
F_Par_“ersion Parversion 1 \_
o F_Source_aAdd 2002 ]
F_DesL_Add 100 54
é F_WD_Time 200 |
b —

CurrentF parareter CRC (CRC1) hexadecimal

BC3

Ok Cancel | Help |

8. Save and compile your project and download the data to your SIMATIC CPU.
9. Close HW Config.

O You have configured the PROFIsafe communication in the higher-level control system.

5.2.2 Example: Interface to the S7 safety program

When you configure the hardware in STEP 7, you assign the control word and status word in
the PROFIsafe profile of the inverter to specific output and input addresses of the SIMATIC
controller. In section Configuring PROFIBUS communication with telegram 30 via GSD
(Page 78), start address 14, for example, was assigned. This results in the following
assignments between the 1/O addresses and inverter signals for this example:
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Table 5- 1 Control word 1
1/O address Meaning Comment
A14.0 Select STO 0 | Select STO
1 | Deselect STO
A14.1 Select SS1 0 | Select SS1
1 | Deselect SS1
A14.4 Select SLS 0 | Select SLS
1 | Deselect SLS
A14.7 Internal event ACK - | Acknowledge with signal change 1 - 0
A15.1 Select SLS level bit 0 - | Selection of the SLS level
A15.2 Select SLS level, bit 1 -
A15.4 Select SDI positive 0 | Select SDI positive
1 | Deselect SDI positive
A15.5 Select SDI negative 0 | Select SDI negative
1 | Deselect SDI negative
Table 5-2  Status word 1
1/O address Meaning Comment
E14.0 Power removed 0 | The motor torque has not yet been switched off
safely.
1 | The motor torque has been switched off safely.
E14.1 SS1 active 0 | SS1 is not active
1 | SS1is active
E14.4 SLS active 0 | SLS is not active
1 | SLS is active
E14.7 Internal event 0 | Fault-free operation
1 | The inverter has detected an internal fault and
responded accordingly, e.g. with a STOP A.
E15.1 Active SLS level, bit 0 - | Active SLS level
E15.2 Active SLS level, bit 1 -
E15.4 SDI positive active 0 | SDI positive direction of rotation is not active
1 | SDI positive direction of rotation is active
E15.5 SDI negative active 0 | SDI negative direction of rotation is not active
1 | SDI negative direction of rotation is active
E15.7 Status SSM 0 | Absolute value of the speed is greater than the
SSM limit value
1 | Absolute value of the speed is less than the SSM
limit value

You will find additional information on the PROFIsafe interface in Section Control word 1 and

status word 1 (extended functions) (Page 48).
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5.2.3 Configuring PROFIBUS communication via telegram 900 with the GSDML

If you want to evaluate the status of the safety inputs in the higher-level control directly,
choose PROFIsafe telegram 900. The inverter writes the signals of its safety inputs to status
word 5.

Hardware configuration

The basic procedure is described in the section Configuring PROFIBUS communication with
telegram 30 via GSD (Page 78). Instead of telegram 30, select telegram 900:

E;:Hw Config - [SIMATIC 300 (Configuration) — G120_in_87_PROFIsafe] = |E||i|
Bl staton Edit Insert PLC View Opfions Window Help _ =] x|
|DS%® %S| ee daldo| %8
i’ ol
[T [@rsares | PROFIBUS: DP-Masterggatem (1) | BN | "'?l i
2 CPU 315F-2 PN/DP J T b_, Profie:  [Sronderd 5]
X MPYDP
Xz PASO @ (3 BINAL =1 Additional Field Devices ﬂ
x2p1 |0 Poni % Hl 23 Drives
3 hd 20 SINAMICS
w8 SINAMICS G120
- E SINAMICS G120 CU230P-2 DP V43
hd - F SINAMICS G120 CU240D DP w300
4 » 5B SINAMICS G120 CU240x-2 DP W43
- § Universal module \
| 2| @ SNAMICS G120 CUR4B-2 D @ Standard Qlegram 1, P20-2/2
-] Standard t\ 20, PZ0-2/ k)
=lot DFID... | Order Mumber / Designation | Addre ) Addr Comment S‘EMENS[ 50, PZD-4 il
= -] SIEEMENS! " PZD-G/6
--[| SIEMENSt Ki+PZD-2/2

Standard telegram 1, FZD-2/2

2bh._2BH |ZBB..Z5%

SIEMENS telegr 354, FKW+PZD-6/6
Free telegrarm, PZ0-8/8

4 PKW channel 4 words
5 Slave-to-slave, PZD-1
b Slave-to-slave, PZD-2
7 -] Slave-to-slave, PZD-4
il

g

1

PROFIsafe standard telegram 30
- § PROFlsafz SIEMENS telegram 900
T P W AT O ILI

iGN e —n
FROFIsafe SIEMENS telagram 3| &Iength TR
bytes R 4 a

Insertion possible [ \ chg 2

=

5.24 Configuring shared device communication via PROFINET

In the following example, the standard CPU and the F-CPU are combined in a single project.
The communication via the Shared Device is also possible, even if both controls are
configured in different projects.

Firmware required: see also Support of the IO controller
(http://support.automation.siemens.com/\WW/view/en/44383955).
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Procedure
|:>1 To configure communication via "Shared Device" in the higher-level control, proceed as
2 follows:

1. Configuring your system with the standard control.

2. In HW Config, in addition to the protocol for the standard functions (for example: telegram
1), insert your communications protocol for the fail-safe functions (e.g. PROFIsafe

telegram 30).

3. Deactivate the access to the PROFIsafe telegram via the context menu of the right

mouse button:
| |

:I:l [1) SINAMICS-G120-CUZ40E V4 %

Edit Symbaols. ..
Object Properties. .. Alt+Return
Open Object With., . Chrl-Alb+Cr

Mo Access
Full Access

Slat tadule Order number | 8] Diagnost
& SENAMICE 6 T CH2SE E5EF 24408 F 7 e A Feaff Assign Asset ID...,
:::;:gp;g 2::? :g;: ;ﬁ lI:r’qut:Isuct Support Information E::::g
NIAORTE S w7
e Find Manual Chrl+Fa
AL LA Start Devics Tool

4. You can configure your F-CPU in HW Config, without inserting an inverter.

5. Copy the inverter into the standard control
6. Insert the inverter as "Shared" in the F-CPU.

This results in the access rights being "reversed".

Profinet: PROFIMET-10-5 ystem [100)

P35 307 54
2 CPU 317F-2 PN/DP Copy Chrl+C
X7 MELDe Paste Chrl+y
A Paste shared
2Pt A .
wIPo8 Ins.ert Object...
3 Edit: PROFIMET 10 System IR addfesses, ..
F) ﬂ PROCFINET IC Domain Management...

PROFIMET IC Topalogy....

7. Select the F-CPU in HW Config
8. Open the "Object Properties" dialog window.

9. In this window, select the "Protection" tab.

10.Activate the access protection for F-CPU and assign a password.

11.Check the box for "CPU contains safety program" and exit the screen with OK.

12.Save and compile your I-‘ﬁ",’[', project.

13.Load your project via g into the fail-safe control.

system.
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5.3 Commissioning fools

5.3

Commissioning tools

We strongly recommend that you commission the safety functions using a PC tool.

If you use a PC tool for commissioning, then you set the functions using the graphic screen
forms and you do not have to work with parameters. In this case, you can ignore the
parameter tables in the following sections.

Table 5- 3 PC-based commissioning tools

Tool Can be downloaded at no Order number
charge
STARTER STARTER 6SL3072-0AA00-0AGO

(http://support.automation.sieme
ns.com/WW/view/en/26233208)

Startdrive Startdrive 6SL3072-4CA02-1XG0
(http://support.automation.sieme
ns.com/WW/view/en/68034568)

Commissioning the safety functions with STARTER is subsequently described.

A tutorial is available for Startdrive: Startdrive tutorial
(http://support.automation.siemens.com/WW/view/en/73598459).

Commissioning: Online or offline

84

With STARTER, you can work offline (without a connection to the converter) as well as
online. We recommend that you commission the safety functions online.

This manual provides a detailed description of the online commissioning procedure. The
section Offline commissioning (Page 153) describes the important points to remember when
commissioning the safety functions offline.

Additional information about STARTER is provided in the operating instructions of your
converter.
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5.4 Resetting the safety function parameters to the factory setting
Procedure
I:>1 To reset the safety function settings to the factory setting without changing the standard
2 settings, proceed as follows:
1. Go online with STARTER
2. Open the screen form for the safety functions .
[ STARTER - Safety 0 - [G120_inverter.Control_Unit - Safety Integrated] =] 3]
fl] Project Edit Targetsystem View Options Window Help =lEx]
ST e N Safely Integrated |
Bl oo e
b= Control_Unit
+» Corfiguration
> Expert list
8 Orive navigator
8= Inputsjoubputs
)) Setpmnt channel
g Egi:yclnrlte’;‘raten Changs sstiings | Change password Restore safely factory settings J
J > Automstic | y@ \1 | o050 et 7] | 0050 7] WD [(Rae) 3| ﬂ\@
_Project | W ol Uit | — |
3. Press the button to restore the factory settings @.
4. Enter the password,for the safety functions.
5. Confirm saving parameters (RAM to ROM).
6. Go offline with STARTER .
7. Switch off the inverter supply voltage.
8. Wait until all LED on the inverter go dark. Now switch on the inverter supply voltage again
(power on reset).
] You have restored the safety functions in the inverter to the factory settings.

Parameters | Description

p0010 Drive, commissioning parameter filter
0 Ready
30 | Parameter reset
p9761 Enter a password (factory setting: 0000 hex)
Permissible passwords lie in the range 1 ... FFFF FFFF.
p9762 New password
p9763 Password confirmation

Confirming the new Safety Integrated password.

p0970 Reset drive parameters

5 Starts a safety parameter reset.
After the reset, the inverter sets p0970 = 0.
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5.5 Changing settings
5.5 Changing settings
Procedure
|:>1 To start commissioning the safety functions, proceed as follows:
2

1. Go online with STARTER
2. In STARTER, select the fail-safe functions.

3. Select "Change settings".

= S Safety 0 a

Ll

L% S|

[ STARTER - Safety_0 - [G120_inverter.Control_Unit - Safety Integrated] =I0ix|
f) Project Edt Tagetsystem View Optons Window Helb =18]x]|

A ,Ielﬁllililﬁ\“ﬁ&lilﬁlzl'_*l_llkllbl
Blwll I\

#) Inseet single drive unit
= opelfly G120_irvertas
= Control_Urk
2 Conliguration
» Expert kst
3 Drive navigator
&= Irputsioutputs
B3 Setpoirk channel
=% Open-loopjdosad-loop et
= % Functions =
> Shutdown functions
» Brake contral
> Safety integra o
» Flyingrestart ‘;“‘“‘

» Aukomatic rest g
% M«wemmrni\ @

Safely function sslection

e N U [

Parameter Description

p0010 =95 | Drive commissioning parameter filter

Safety Integrated commissioning

p9761 Enter a password (factory setting: 0000 hex)
Permissible passwords lie in the range 1 ... FFFF FFFF.

p9762 New password

p9763 Confirm password

4. Define what the results of your commissioning should look like:

IfyouareonlyusingSTOas S A h AL L L L hLh LR Rwnwnw
safety function of the inverter, § *#=/"=o==]

select the basic functions (D

with the interface that matches\ Safe .O,J;WT'"W—
your parilar appiication. N @EEimmAgE ]

\ 9 Extended functions via onboard terminals |

Estended functions via PROF|zafe
Extended functions via PROFsate and basic functions via onboard teminals

If, in addition to STO you use other safety functions, then select the extended functions

(@ with the interface that matches your particular application.

Safety function selection

| Basic functions via PROF|sate |

Additional information on the basic and extended functions are provided on the following
pages of this section.

You have completed the following commissioning steps:

® You have started to commission the safety functions.

® You have decided to use either the basic functions or the extended functions.

86

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
Function Manual, 04/2014, FW V4.7, ASE34261271B AA



Commissioning

5.5 Changing settings

Parameter

Description

p9601

Enable functions integrated in the drive (factory setting: 0000 bin)

0 hex | Safety functions integrated in the drive inhibited

1 hex Basic function STO via onboard terminals is enabled

4 hex Extended Functions via onboard terminals are enabled

8 hex Basic function STO is enabled via PROFIsafe

9 hex Basic function STO is enabled via PROFIsafe and onboard terminals

C hex | Extended functions are enabled via PROFIsafe

D hex | Extended functions are enabled via PROFIsafe and basic function STO via

onboard terminal
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Overview of the safety functions

When starting to commission the system, you already define the following:
e Which safety functions are available?
e Which interfaces are used to control the safety functions?

C Change settings )

¥ ¥
| Basisfunktionen | | Erweiterte Funktionen |
Onboard terminals PROFIsafe Onboard terminals Onboard terminals PROFIsafe Onboard terminals
and PROFIsafe and PROFlsafe
3) STO
—
— ]
2)
F-ack. S81
F-DO "HG
STO F-ack.
3).4) STO .,;"!
]
— | F-ack. S81 STO
F-ack. 5512 — —
3),4) STO SLS 551
— Level 0
__|| STO
-] —y| STO |[=» 5 a2 Level 1 — —
S812 F-ack. _/ Level 2 SLS
S812 — — | Sst Level 3 t::g:?
STO ~A[sts sDI Level 2
= Level 0 Level 3
S812 SSM
spI SDI
F-DI
status SSM
F-DI
status
SBC 2 [ sBC2[ SBC [ SBC 2 [ SBC2 [ SBC2 [

| I I I |

88

( Activate settings )

1 Not all of the Control Units have a safety output, also refer to Section: Overview of the
safety-related inverter interfaces (Page 21).

2) The basic SS1 functions and the SBC function are only available with the CU250S-2
Control Unit, also see Section:Overview of the safety functions (Page 19)

3) Controlling the basic functions for SINAMICS G inverters via F-DI 0, also see Section:
Safety inputs (Page 51).

4) Controlling the basic functions for SIMATIC ET 200pro FC-2 via the FO rail.

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
Function Manual, 04/2014, FW V4.7, ASE34261271B AA



Commissioning

5.5 Changing settings

Your selection Outcome of commissioning See section ...
Basic functions e Select STO via F-DI. Setting basic
via o_nboard e Acknowledge safety function faults after selecting and deselecting STO. functions
terminals (Page 90).

Additionally, with CU250S-2:

e Select SS1 via F-DI.

e Control the motor holding brake via SBC.
Basic functions | e Select STO via PROFIsafe.
via PROFlsafe e Evaluate state of STO via PROFIsafe.

e Acknowledge safety function faults via PROFlsafe.

Additionally, with CU250S-2:

e Select SS1 via PROFIsafe.

e Control the motor holding brake via SBC.
Basic functions e Select STO via F-DI as well as also via PROFIsafe.
:: dpoﬁggfrgfe o Evaluate state of STO via PROFIsafe.
terminals e Acknowledge safety function faults:

— via PROFIsafe
— after selecting and deselecting STO

Additionally, with CU250S-2:

e Select SS1 via F-DI or PROFlsafe.

e Control the motor holding brake via SBC.
Extended e Select safety functions via F-DI. Setting extended
z)unnbccifrr(]jst\ef:';inals e Only one monitoring limit of SLS can be used (SLS level 0). 2;2320?33)_

e Acknowledge safety function faults:
— via F-DI
— after selecting and deselecting STO

Extended e Select safety functions via PROFlsafe.

functions via . .

PROFIsafe e Evaluate the state of the safety functions via PROFIsafe.
e All four monitoring limits of SLS can be used (SLS levels O ... 3)
e Acknowledge safety function faults via PROFIsafe.
o Evaluate the state of the safety inputs via PROFIsafe.

Extended e Select safety functions via PROFlsafe.

g’ggf{s‘zf‘gzn 4 |+ Additionally select STO via F-DI.

basic functions o Evaluate the state of the safety functions via PROFIsafe.
via onboard e All four monitoring limits of SLS can be used (SLS levels 0 ... 3)
terminals e Acknowledge safety function faults:

- via F-DI

— after selecting and deselecting STO
o Evaluate the state of the safety inputs via PROFIsafe.
Additionally, with CU250S-2:
e Additionally select SS1 via F-DI.

e Control the motor holding brake via SBC.
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5.6 Setting basic functions

STARTER screen form for the basic functions

Depending on the interface that has been selected, one of the following versions is displayed
on the STARTER screen form of the basic functions:

e (D The onboard terminals for SINAMICS inverters or the FO rail for
SIMATIC ET 200pro FC.

e (@ The PROFIsafe interface
e (D + @ Onboard terminals as well as the PROFIsafe interface

e (® + @ if you have an inverter equipped with the CU250S-2 Control Unit, the delay time
for SS1 and the enable for SBC are visible.

3 7 e Pulzse disable Channel 1 active Eiles
Safe Stop 1
Dal:y timpe sTO oy L’II Channel 1
0.00 % selected . 5
= o Channel 1 Fulse dl&ab{l_e\channsl 2 active ___ Puises
161 ——‘E—E e e Channel 2
DI 5+ X
1712 l ST0 STOactive  "STO active” output
DI §- }ﬁ ’ OFF3 —C——T
e b C—
1 [ ' 1 { }—
Y, =l settings |gd D | Ch?,'l'lel ! —o
SS1 delay time p9652 = 0 [ STO 12 =y {8
i) ! disables the SS1 control |0.00 ms selected Safé braks ;
= via PROFlsafe! Channel 2 ST Il;l?:k':
EE] aclive control
PROFlsafe | 0 -E
Address  °10 (" safe brake control | 1|i O
Channel 1 —_1 Channel 2
0000H
[0] Disable SBC LI
0000H
4 Safe brake control
Channel 2
\ [0] Disable SBC )
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5.6.1 Interconnecting the "STO active" signal

If you require the feedback signal "STO active" of the inverter in your higher-level control
system, then you must appropriately interconnect the signal.

Procedure
|:>1 To interconnect the "STO active" checkback signal, proceed as follows:
2
1. Select the button for the feedback signal.
Pulse dizable Channel 1 acti
o
STO selected
Channel 1 Pulse dizable Channel 2 active Boes
— O @ Channel 2
STO STO active  "STO active output
—o—I
extended Q
St '
Channel 2 \_/
2. In the following selection menu, select the appropriate setting for your particular
application.
Ol You have interconnected the "STO active" checkback signal. The inverter signals "STO

active" to the higher-level control after STO has been selected.

Parameter Description
r9773.01 1 signal: STO is active in the drive
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5.6.2 Configuring PROFIsafe
Setting the address
Procedure
|:>1 To set the PROFIsafe address, proceed as follows:
2 1. In STARTER select the input field for the PROFIsafe address
N =
y gy
\
\ |@SIU
\ Addiess
'.
f—

2. Enter the same address as hexadecimal value, which you defined in the hardware

configuration (F_Dest_Add).

See also Section: Configuring PROFIBUS communication with telegram 30 via GSD
(Page 78).

O You have configured the communication between the inverter and the higher-level control (F-

CPU) using PROFIsafe telegram 30.

Parameter

Description

p9610

PROFIsafe address (factory setting: 0000 hex)

Enabling Shared Device

If you control the inverter safety functions via PROFINET and "Shared Device", you must

enable this function in the inverter.

See also Section: Configuring shared device communication via PROFINET (Page 82).

Procedure
|:>1 To configure communication via "Shared Device" in the inverter, proceed as follows:
2 1. In STARTER change to the expert list.
2. In STARTER, set p8929 = 2.
O You have configured the communication via "Shared Device" in the inverter.
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Starting communication via PROFIsafe

When you connect the converter to the higher-level control system (F-CPU) via the fieldbus
for the first time, the central control system sends the PROFIsafe configuration to the
converter. After the configuration data have been received in the converter,
PROFIsafecommunication starts.

The converter only monitors the communication to the F-CPU after the configuration data
have been received from the central control system.

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
Function Manual, 04/2014, FW V4.7, ASE34261271B AA 93



Commissioning

5.6 Setting basic functions

5.6.3 Setting the filter for safety inputs

You must set the input filter and the simultaneity monitoring of the safety input for all
SINAMICS inverters where the safety F-DI input evaluates two redundant signals.

For SIMATIC ET 200pro FC, the input signal for STO is received from the FO rail of the
backplane bus of the ET-200pro system. As a consequence, the simultaneity monitoring is
not applicable for this converter.

Procedure
|:>1 To set the input filter and simultaneity monitoring of the safety-related input, proceed as
2 follows:

1. Select the advanced settings for STO.
Pulse disable Chi ASS S S S SNSNS N
C—

\ F-Dl input e
et Puise dsable Chy : i lﬁm S0 slcted
—O0— =) o ;
510 STO acliv \ i m\ 0 selected
: el \ I g EEHE, O &
STO selected B |:> - l—l:TE
Channel 2 @ \ T=[100000  ps
\
\
\
\

2. Set the debounce time for the F-DI input filter.
3. Set the discrepancy for the simultaneity monitoring.
4. Close the screen form.

£ You have set the input filter and the simultaneity monitoring of the safety-related input.

Description of the signal filter
The following are available for the signal processing of the safety-related inputs:
® A tolerance for the simultaneous monitoring.

e A filter to suppress short signals, e.g. test pulses.

A tolerance for the simultaneous monitoring

The inverter checks whether the signals at both inputs always have the same signal status
(high or low).

With electromechanical sensors (e.g. emergency stop buttons or door switches), the two
sensor contacts never switch at exactly the same time and are therefore temporarily
inconsistent (discrepancy). A long-term discrepancy indicates a fault in the wiring of a safety-
related input, e.g. a wire break.

When appropriately set, the inverter tolerates brief discrepancies.
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The tolerance time does not extend the inverter response time. The inverter selects its safety
function as soon as one of the two F-DI signals changes its state from high to low.

Temporary discrepancy

Input S'g;?lljﬁ A |Discrepancy
I
i >
| Tolerance time | t
I
Safety function |
AcliveT ]

~V

Figure 5-1 Tolerance regarding discrepancy

Filter to suppress short signals

Permanent discrepancy

Input signals
F-DI4

—

| Tolerance time
|

Safety function
Active T

v

i_

Signal discrepancyT

-~V

»
Ll
t

The inverter normally responds immediately to signal changes at its safety-related inputs.

This is not required in the following cases:

® When you interconnect a safety-related input of the inverter with an electromechanical
sensor, contact bounce may result in signal changes occurring, to which the inverter

responds.

e Several control modules test their safety-related outputs using bit pattern tests
(light/darkness tests) to identify faults due to either short-circuiting or cross circuiting.
When you interconnect a safety-related input of the inverter with a safety-related output of
a control module, the inverter responds to these test signals.
A signal change during a bit pattern test usually lasts:

— Ontest: 1 ms
— Offtest: 4 ms

If the safety-related input signals too many signal changes within a certain time, then the

inverter responds with a fault.
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Input signal
4 SIQF?DE;JL Bit pattern test
7.
T L
| I L :
Safety function § - |
T 00
Inactive »
! t
Fault F1611 !
T o — e e
1 »
Ll
t
Figure 5-2 Inverter response to a bit pattern test

An adjustable signal filter in the inverter suppresses temporary signal changes using bit
pattern test or contact bounce.

The filter increases the inverter response time. The inverter only selects its safety function
after the debounce time has elapsed.

Input signals ’
F-D| & Bit pattern test
1 [ '
— |-1— — |-——— t
Debounce time Debounce time
Safety function :
Active T
Inactive >
t
Figure 5-3  Filter for suppressing temporary signal changes
Parameter Description
p9650 " F-DI switchover discrepancy time (factory setting: 500 ms)
Tolerance time to switch over the safety input for the basic functions.
p9651 STO debounce time (factory setting: 1 ms)
Debounce time of the safety input for the basic functions.

) For SIMATIC ET 200pro FC, the tolerance time is always 0 ms.
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Debounce times for standard and safety functions

The debounce time p0724 for "standard" digital inputs does not influence the safety input
signals. Conversely, the same applies: The F-DI debounce time does not affect the signals
of the "standard" inputs.

If you use an input as a standard input, set the debounce time using parameter p0724.

If you use an input as a safety input, set the debounce time as described above.
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5.6.4 Setting the forced checking procedure (test stop)
Procedure
|:>1 To set the forced checking procedure (test stop) of the basic functions, proceed as follows:
2
1. Select the advanced settings for STO.
Pulse disable Che
—O-
STO selected
Channel 1 Pulse disable Ch
b
510 sro ol | d&idao?my&“ Shdonn s e \
extended O 10732, Bl: CU signal source for DI \
Tt :>—| % -
el \ Remtme O 1\ | 3
@ Teststop: Days H .
= .\\\\\\m;\n(\\\\\\\\\\\\

2. Set the monitoring time to a value to match your application.

3. Using this signal, the inverter signals that a forced checking procedure (test stop) is
required.

Interconnect this signal with an inverter signal of your choice.

O You have set the forced checking procedure (test stop) for the basic functions.

Description

The forced checking procedure (test stop) of the basic functions is an inverter self test. The
inverter checks its circuits to switch off the torque. If you are using the Safe Brake Relay, for
a forced checking procedure, the inverter also checks the circuits of this component.

You start the forced checking procedure each time that the STO function is selected.

Using a timer block, the inverter monitors as to whether the forced checking procedure is
regularly performed.

STOis _ o Start forced checking procedure of
active |_ ¥ the basic functions
:T 0: p Forced checking procedure of the
= basic functions is required

| ——A01699 |

Monitoring time

Figure 5-4  Starting and monitoring the forced checking procedure (test stop)

Parameter Description

p9659 Forced dormant error detection timer (Factory setting: 8 h)
Monitoring time for the forced dormant error detection.
r9660 Forced dormant error detection remaining time

Displays the remaining time until the forced dormant error detection and testing the
safety switch-off signal paths.

r9773.31 1 signal: Forced dormant error detection is required
Signals for the higher-level control system.
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5.6.5 Setting the delay time for SS1
Procedure
|:>; Set the delay time for SS1. The delay time must be longer

than the OFF3 ramp-down time.

O You have set the SS1 function.

5.6 Setting basic functions

Safe stop 1
Delay time:

0.00 X

—

e |

(@

s Channel 2 i

STO selected
Channel 1

P4 STO
OFF 3 -

O extended
settings

STO selected

Sale brake control L

Channel 1

[0] Inhibit SBC = E

Safe brake contral

Channel 2

(0] Inhibit SBC

Parameter Description

p9652 Safe Stop 1 delay time

brake with the OFF3 ramp-down time.

Sets the delay time of the pulse suppression for the "Safe Stop 1" (SS1) function to

p1135 OFF3 ramp-down time

Description: the SS1 function without monitoring the speed

A
ON/OFF1
Deselect SS1
1 [
Ll |
Speed o :
|
|
| STO
| The motor coasts
| to a standstill
! [ — »
P L
Delay time
A |
SS1 active ‘ :
: |
STO active I L
L |

Figure 5-5  SS1 without monitoring the speed

When SS1 is selected, the inverter brakes the motor with the OFF3 ramp-down time.

After the delay time, independent of the actual speed, the inverter switches off the motor

torque using the STO function.
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5.6.6 Enabling SBC
Procedure
|:>1 Enable the SBC function.
2 Safe Stop 1 |
Delay time sSTO
|D.DD 3 selected
Channel 1 i
STO
-
extended
sSTO seltings
selected il
Channel 2
Safe brake control L
Channel 1 —_—
I[D] Disable SBC e
Safe brake oonlrol-‘.\
Channel 2 |
[0] Disable SBC
£ You have enabled the SBC function.

Parameter Description

p9602 Enable safe brake control
0: SBC is locked
1: SBC is enabled

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
100 Function Manual, 04/2014, FW V4.7, ASE34261271B AA



Commissioning
5.6 Setting basic functions

5.6.7 Final steps

Activate settings

Procedure

|:>1 To activate the settings for the safety functions, proceed as follows:

2
1. Press the "Copy parameters" button, to create a redundant image of your inverter

settings.
N |

\ Copy parameters
\ )
Activate s%tlings I @ Change Password |

2. Press the "Activate settings" button.

w

If the password is the factory default, you are prompted to change the password.
If you try to set a password that is not permissible, the old password will not be changed.

Confirm the prompt for saving your settings (copy RAM to ROM).
Switch off the inverter supply voltage.

Wait until all LEDs on the inverter go dark (no voltage condition).

N o g &

Switch on the inverter supply voltage again.

O Your settings are now active.

Parameter Description

p9700 = DO hex Sl copy function (factory setting: 0)
Starting the SI parameter copy function.

p9701 = DC hex | Confirm data change (factory setting: 0)
Confirm Sl basic parameter change.

p0010 =0 Drive commissioning parameter filter
0: Ready
p0971 =1 Save parameter

1: Save the drive object (copy from RAM to ROM)
After the inverter has saved the parameters in a non-volatile fashion, then
p0971 = 0.

Checking the connection of digital inputs

The simultaneous connection of digital inputs with a safety function and a "standard" function
may lead to the drive behaving in unexpected ways.

If you control the safety functions in the inverter using digital inputs, you must check whether
these digital inputs are connected to a "standard" function.
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Sefety Integrated |
Salety function selection

Safe torque off (STO)
Pulse disable Channel 1 active

~ Fulses
E Channel 1

STO selected
Charnel 1 Pulse disable Channel 2 active

S o O T | et

STO "STO active” output

" ———1
—
STO selected Zm’f':;:
Channel 2

[[27  cosopaves] oo [Dacve ] Mos [TiAcve #| &|  cese | Hee |

Figure 5-6  Example: Assignment of digital inputs DI 4 and DI 5 with STO

Procedure
|::>1 In order to prevent the safety-related inputs of the safety functions unintentionally controlling
2 "standard" functions in the inverter, proceed as follows:

1. Select the inputs/outputs in STARTER in the project navigator.

2. Select the screen for the digital inputs.

3. Remove all digital input interconnections that you use as safety-related input F-DI:
4

. If you use the CDS dataset switchover, you must delete the digital input connections for

all CDS.
e OEEE———
i ® ) Insert sinwgs drive unk Cument 1/ configuration: 12
e, gy
> Configuration
2 Bxpettist . [Temnde =] D 0 Digtalrput O inverted
gl}wenawgato\! sl R10 o240(q). 8. O 7 OFF (0FF1) WDJ
3 3 s aiNg SO NI < S/ ENTTIE— R—
5% Functions wminal eval ¥ L LL grale !
F);udm, @ 7 L2z Temnaleval 7] O{'}l’%ﬁ’mg—m-ﬁn S— B
S enes | slol2s_pfa a2 L —
2 Pigredat ( - = Digtalmput 4 Dighal gt & inverted
I o e | 1 —
53 o lof 2H Dl
&% Communication
& 81 tecmuaion oo _giemiea =1 posemn e
] SINAMICS LIBRARIES 12 e o;u-w 12 D-;ﬂdiwuiwlﬂod B
] wetaroR 1 o) g Ueina e @ N ] R
E] —-r-zw Note:
Activabion of the leminat: via inbemal of extemal
2BHA=— ¥ 24 power supply [see online help].
. L of [ F@ oo g vos Fem B O] [ O ] v |
Progect ﬁ EWIM_UMI
Figure 5-7  Removing the DI 4 and DI 5 digital-input connections
(] You have now prevented safety-related inputs in the safety functions controlling "standard"

functions in the inverter.
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STARTER screen form for setting the extended functions

5.7 Setting extended functions

The following STARTER screen form is the starting point for all subsequent settings:

Safety function selection

IExtended functions via onboard terminals j
I[‘I] Safety without encoder with braking ramp (SBR) j
Diagnostics of the safety functions
Safety inputs/outputs | Configuration | O 10 active
Mation manitaring O 551 ackive
Sichere E‘[gﬁ_istL]mktionen O 515 active
O Welocity below SSM limit value
Saressé?l?éuBnFc!:;mns O SOI positive active
lﬁsna;:;l finctens - Safely limited speed O S e GEe
(5L5] O Shutdown paths require testing
Safe speed maonitoring O Internal event
[55M)
Safe motion direction
[5D1)
|
Acceptance mode |
Overview of the procedure
|:>1 To set all extended functions, proceed as follows:
2 ) . . . .
1. Define the basic settings for all of the safety functions. See Section:
Basic settings (Page 104).
2. If necessary, interconnect the safety inputs and outputs. See sections:
— Setting safety inputs (Page 111)
— Setting a safety output (Page 120).
3. If necessary, configure the communication via PROFIsafe. See section: Configuring
PROFIsafe in the converter (Page 127).
4. Adapt the safety functions that you are using to suit your application. See Sections:
— Setting SS1 (Page 130)
— Setting SLS (Page 137)
— Setting SSM (Page 142)
— Setting SDI (Page 146)
5. Complete commissioning. See also Section:
Final steps (Page 150).
O You have set the extended functions.

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2

Function Manual, 04/2014, FW V4.7, ASE34261271B AA

103



Commissioning

5.7 Setting extended functions

5.7.1 Basic settings

5711 Enabling safety functions

Enabling safety functions

Procedure
|:>1 To enable the safety functions, proceed as follows:
2
1. Select the STARTER screen form for the Vioton maritarig
extended functions. e e
[STO. 551, SBC)
2. Enable the safety functions.
Safe stop funclions
551, 5AM)
Sk Salely bmited speed
[Eratie 5 (5L5)
ri@ Safe spesd monitork
NS
Safe motion diection
[sDI)
O You have enabled the safety functions in the inverter.
5.71.2 Setting the forced dormant error detection (test stop)
Procedure
|:>1 To set the forced dormant error protection (test stop) of the extended functions, proceed as
2 follows:

1. Press the "Configuration" button.

2. Set the following:

s RN
I \\—\ A SN NN
Motion monoring | @ 4
T ; N/ \ PROFl:afe sddress o
(570, SBC) \']’ \ [oossn Mecharics configuation | et val. scaquistion configusation
Safe stop functions \
(551, SBR) \ Test stop selection Forced dom e dpl;mm Forced ﬂﬂ'x ous
Salely lmited speed \ E[7224 0780 CU optal v .'.uq' {OHo731. B CU signal source e L3 3
L \ \ [a.00 h \
Safe speed monitoing 1 2o ) N p
(55M) : L‘J nm;m::: . :.s | 3 3 Kq‘,
S.afe molion drection Nt
501} \\\\\\\\\\\\\\\\\\\\\\

Acceptance mode

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
104 Function Manual, 04/2014, FW V4.7, ASE34261271B AA



Commissioning
5.7 Setting extended functions

- (@ This signal starts the forced dormant error detection and sets the remaining
monitoring time to the value ®. Interconnect this signal, for example, with a digital
input or a bit in the fieldbus control word.

— (@ You must conduct a forced dormant error detection (test stop) for this signal.
Interconnect this signal, for example with a digital output of your choice or a status bit
in the fieldbus.

— @ Time until the next test stop

— (@ This input field is only visible if you have selected PROFIsafe as interface. Initially,
you can ignore the setting. See also section: Configuring PROFIsafe in the converter
(Page 127).

3. Close the screen form.
4. Press the button for the "STO" function:

Configuration |

Safe torque off . T
: : Il I 2ix|
Hebon monio ““““‘Q
Sale basic funclions
°|sw, o .\ Sale torque off (STO]
A Puise :
Safe stop furl| @ L O Bbcked
1 )
(55 .585 | \ i sm =
; 1
Saley [5LS] \ C Forced dormant emor detection of
\ LR Shutdown paths requize testing e
Safe speed monitormg \ sl —_— I| O [ \;
(55M) = |
\ T=[s0m00 Reman tmetl 3714 23 53 \
S afo mekion drocti A \ I vced dosm. emmor det.:  Days  Hows Mirwstes ‘
(0] (LA
Acceptance mode |

5. Set the following:

@ monitoring time = maximum value (9000 hours). This means that the forced
dormant error detection monitoring for the basic functions is deactivated.

This monitoring is not required when using the extended functions, as the forced
dormant error detection of the extended functions also includes the forced dormant
error detection of the basic functions.

— (@ No setting is required.

- @ If necessary, interconnect the status of the STO function with a digital output of
your choice, for example.

6. Close the screen form.

O You have set the forced dormant error detection (test stop) of the extended functions.
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Description

The forced dormant error detection (test stop) of the extended functions is an inverter self
test. The inverter checks its circuits to monitor the speed and to switch off the torque.

Using a timer block, the inverter monitors as to whether the forced dormant error detection is
regularly performed.

You must start the forced dormant error detection with a signal of your choice.

Monitoring time for extended

functions

v A01697
|T Ol ». Forced dormant error protection of the

Startthe forsed |_ extended functions is required

dormant error detection 44 . Start the forced dormant error detection
of the extended " of the extended functions
functions

STOis Start the forced dormant error detection of

active | B> the basic functions

:T O: p Forced dormant error protection of the
_ basic functions is required
| —| A01699 |
Monitoring time for the basic
functions

Figure 5-8  Starting and monitoring the forced dormant error detection (test stop)

Parameter Description

p9559 Forced dormant error detection timer (Factory setting: 8 h)
Monitoring time for the forced dormant error detection of the extended functions.

p9659 Forced dormant error detection timer (Factory setting: 8 h)
Monitoring time for the forced dormant error detection of the basic functions.

r9660 Forced dormant error detection remaining time
Displays the remaining time up to performing the forced dormant error detection of the
basic functions.

p9705 Forced dormant error detection signal source (Factory setting: 0)
Signal source for the forced dormant error detection of the basic functions and the
extended functions.

r9723.0 1 signal: Forced dormant error detection of the extended functions is necessary
Signal for the higher-level control.

r9765 Forced dormant error detection remaining time
Displays the remaining time up to performing the forced dormant error detection of the
extended functions.

r9773.31 1 signal: Forced dormant error detection of the basic functions is required
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5.7.1.3

=

Setting the gear ratio and actual value tolerance

Procedure

1
2

To set the gear ratio and the actual value tolerance, proceed as follows:

1. Press the "Configuration" button.

2. Press the "Mechanical configuration" button.
3. Set the following:
- (@ Actual value tolerance:
In most cases, you do not have to change this value. If, in operation, the inverter
issues message C01711 or C30711 (fault value 3 or 44 ... 57), increase this value
step-by-step until the message to longer occurs.
Note: If you increase this value, the speed monitoring of the inverter becomes less
sensitive to limit violations.
- ©, ® Gear ratio:
Read off the pole pair number @ of the motor, and set the data of your motor
according to the following table.
Number of load revolutions Number of motor revolutions
Without gear Value @ =1 Value @ = pole pair number
@
Gearbox with speed ratio Value @ =L Value @ = M x pole pair
Load/motor = L/M
number @
Example: The drive has a gearbox with a load/motor speed ratio = 23/50 =
= value @ =23, value ® =50 x pole pair number @®
Configusation I Configuration . ﬂ!l
@ E \\\\\\\\\\ 3
Metion manioring | )
e PROFIsale addess \
Sdﬁ?‘;ggﬁm\‘r : [os Mecharics conguation | Act val acquiston configutalion| \
Sale stop lunctions \ \
(551, SER] \ e I% % :::dh:'n:mm \
e : HTRRRRRNKRNN\K P :
- o \ Act. vahse toles \ \
Siniavy : : ) \ \
Gear ratio
7 i Mumber of motor
Sele Mo recton N\ e :\\\\\
| : Gear stage 1 |23 i | \
AiFcepsance Nods Pole pair number of motor. 2 @ )
5 ) | |
AT TR " 2 e\ 3
4. Close the screen forms.

You have set the gearbox ratio and actual value tolerance.
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108

Parameter Description

p9521 Number of load revolutions (factory setting: 1)
Denominator for the gear ratio between the motor and load.

p9522 Number of motor revolutions (factory setting: 2000 rpm)
Numerator for the gear ratio between the motor and load.

p9542 Actual value tolerance (Factory setting: 12 °)

Tolerance for the crosswise comparison of the actual position between processor 1
and 2.
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5.71.4 Setting encoderless actual value sensing
Procedure
|:>1 To set the encoderless actual value sensing, proceed as follows:
2

1. Press the "Configuration" button.
2. Press the "Configuration actual value sensing" button.
3. Set the following:

- (@ Delay time actual value sensing:
In most cases, you do not have to change this value. If you switch on the motor with
the safety functions active (SLS, SDI or SSM) and the inverter responds when
switching on with a safety fault, increase this value in the range 50 % ... 100 % of the
motor excitation build-up time (p0346).

— @ Minimum current actual value sensing:
In most cases, you do not have to change this setting. When the motor draws a low
current, and the inverter responds with a fault, then reduce this value in steps of 1 %
until the fault no longer occurs.

- (@ Voltage tolerance acceleration:
In most cases, you do not have to change this parameter. During acceleration with
very short ramp-up and ramp-down times, if the inverter responds with a safety
function fault, increase this value step-by-step by approx. 10%.

- @ Fault tolerance:
In most cases, you do not have to change this parameter. This parameter can
suppress sporadic faults of the safety functions. The parameter defines how often the
inverter tolerates its internal plausibility monitoring per second.

Configuation | Configuration 21|
Malion monkoring | )
Galm e Kancli i \ PAOFIsafe address
(STO. SBC) \ [oosam Mecharics configurstion | Act. val. acquistion configuration
Sale stop lunchions | \
i N Faceddom cpodoion | Fxoed| |t ot
Salel mded Configuration of encoderless actual value acquisition ﬂ_ﬁ
[SLS] = ““ A% 9% % 9% N “ aThTLTRhshvswanw -
Pulse enable
Sale wﬁg;»]om O Actual vake acousbc Ao ﬁa‘: ;f.,mm :
Actusl Speed Value I -T - I : Velodity monitoring \
Safe motion ﬁre':
i501) ] L
— [25.00 ms 0 mm \
Mt A s 2 D \
\ Erxiaesl) ! Actual value acgus Acceleration volta \
velodity hderana; 'rwm curren tolerance \
\ o (TATLL w00 100.00 * \

4. Close the screen forms.

O You have set the encoderless actual value sensing.
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Parameter Description
p9585 Fault tolerance (Factory setting: -1)
Plausibility monitoring tolerance for the current and voltage angle.
p9586 Delay time actual value sensing (Factory setting: 100 ms)
Delay time for evaluating the encoderless actual value sensing after the motor has
been switched on.
p9588 Minimum current actual value sensing (Factory setting: 10 %)
Minimum current for encoderless actual value sensing (1 % 2 10 mA).
p9589 Voltage tolerance acceleration (Factory setting: 100 %)

Acceleration limit to filter discontinuities in the speed/velocity.
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5.7 Setting extended functions

5.7.2 Setting safety inputs

Precondition

You have selected the extended functions via onboard terminals.

Procedure
|:>1 To interconnect the safety inputs with safety functions, proceed as follows:
2
1. Press the "Safety inputs/outputs" button.
2. Click the "Drive" button.
3. Interconnect the safety inputs with the safety functions:
® If you are not using a safety function, set the associated "Select F-DI" = "[255]
Statically inactive".
@ interconnect the safety inputs with the corresponding safety functions.
- (® if a safety function should always be active, set the associated "Select F-DI" = "[0]
Statically active".
uff_sﬂended funchornes via ord:a;nd’;mnds o— =
[|I]Saletyvdlmencoderuﬂhbcds'ngram[SBH] =
| Saely iputs/outputs . 2] x|
ANV NS LSS SNN
“mm~ Sale input and output terminals \
smasm\ \
5"?:};‘:"2 SINAMICS :
NE-= I \
: Dirive | - - % :
— ~— mardaling
= \
\ | SIS [N % saaaay \
\ _\ ] Control interface \ \
\“\ [ F-DI sslection Function \‘\
O 0| o \
\ L
1] F-o1o 5 551
L? BT ;ag ss :
N |[=sissshnse 5| -] sotpostive \
P '[o] Statically active - SDI negative \
4. Close the screen forms.
O You have assigned specific safety functions to the safety inputs.
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Parameter Description
p10022 STO input terminal (Factory setting: 0)
p10023 SS1 input terminal (Factory setting: 0)
p10026 SLS input terminal (Factory setting: 0)
p10030 SDI positive input terminal (Factory setting: 0)
p10031 SDI negative input terminal (Factory setting: 0)
all 0: Static, active

1: F-DI O

2:F-DI 1

3:F-DI 2

255: Static, inactive
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5.7.2.1 Setting the filter for safety inputs

Control via onboard terminals

Precondition

You have selected the extended functions via onboard terminals.

Procedure
|:>1 To set the filters for the safety inputs, proceed as follows:
2
1. Press the "Safety inputs/outputs" button.
2. Press the "Configuration" button.
3. Set the following:
(® Discrepancy time of the safety inputs.
@ Input filter of the safety inputs.
u{lf_saended funchornes via orbuald‘hmnd.s So— :Ij
[11] Saety withou encoder with braking rame (SER) =]
Safely inputs/outputs | | inputs; 2 x|
\ ) A S 999NN NN
I 1 sm;nm\ Safe input and output terminals :
=03 Configuration
Sale stop | SINAMICS :
(S C\ I | ‘ \
\ Dirive- \
\ Configuration ““ m \
: : F-DI dizciepancy | )‘ FADII'D.!"BI i :
\7
NIY == \
\\ \ [3] FOI 2 E Salely alarm acknowledgement :
N \*22uun
4. Close the screen forms.
£ You have set the filter for the safety inputs.
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Control via PROFIsafe and onboard terminals

Precondition
You have selected the extended functions via PROFIsafe and onboard terminals.

Procedure
|:>1 To set the filters for the safety inputs, proceed as follows:
1. Press the "Safety basic functions" button.

2. In the following two screen forms, press the "STO" button.
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3. Set the following:
(® Discrepancy time (simultaneity monitoring) of the safety input.

@ Input filter of the safety input.

[[Exlended functions via PROFIzafe and basic funclions via onboard teminals j)

[[175afety without encoder with braking ramp (SBR) =l
Safeyinputs | Corfiguwaiin |
[
Motion meritoring
Sichere Basisfurkionen |
[5TO) )

B TR

A \\\\\\

Safe torque off (STO) iy
\ Pulze suppression active
\ O Blocked | Pulses :
ST0 active
\ ST0 selected B\~ oY a— \
\ —— ' +d domant ertor delecion of
\ the shutdown paths Shutdown paths require testing \
: m A X QY
‘ Safe torque off [STC
Pulse disable Channel 1 active i
ST0 selcted © (Becked ] a1
mumz active

Pukses
Channel 2
w aciive  "STO active” output
[- (]

e
\\\\\\\\\\\\

FPFFyysysysysysysy
w
(=}

\ F-DI input fiker \
: | S0 seleced Puse dsable Charnel 1 Iy
\ e e \
N\ =] © 1 © :
7= 1000.00 s
NI o\
N[ = OECEEEN
N | \
\ Immediate STOP & \
N\ \
\ "STOP A cannot be ackn." active O_ \
I o N

4. Close the screen forms.

O You have set the filter for the safety inputs.

Description of the signal filter
The following are available for the signal processing of the safety-related inputs:
e A tolerance for the simultaneous monitoring.

e A filter to suppress short signals, e.g. test pulses.
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A tolerance for the simultaneous monitoring

The inverter checks whether the signals at both inputs always have the same signal status
(high or low).

With electromechanical sensors (e.g. emergency stop buttons or door switches), the two
sensor contacts never switch at exactly the same time and are therefore temporarily
inconsistent (discrepancy). A long-term discrepancy indicates a fault in the wiring of a safety-
related input, e.g. a wire break.

When appropriately set, the inverter tolerates brief discrepancies.
The tolerance time does not extend the inverter response time. The inverter selects its safety
function as soon as one of the two F-DI signals changes its state from high to low.

Temporary discrepancy Permanent discrepancy

Input signals

Input signals
F-DI4

F-DI4

—

Discrepancy

— -

| Tolerance time | rt | Tolerance time t

I I
Safety function T | Safety function T | |

Active Active L o
1
I 4
|

y

v

~V
-~V

Signal discrepancyT

»
Ll
t

Figure 5-9  Tolerance regarding discrepancy

Filter to suppress short signals

116

The inverter normally responds immediately to signal changes at its safety-related inputs.
This is not required in the following cases:

® When you interconnect a safety-related input of the inverter with an electromechanical
sensor, contact bounce may result in signal changes occurring, to which the inverter
responds.

® Several control modules test their safety-related outputs using bit pattern tests
(light/darkness tests) to identify faults due to either short-circuiting or cross circuiting.
When you interconnect a safety-related input of the inverter with a safety-related output of
a control module, the inverter responds to these test signals.
A signal change during a bit pattern test usually lasts:

— Ontest: 1 ms
— Offtest: 4 ms

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
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If the safety-related input signals too many signal changes within a certain time, then the
inverter responds with a fault.

Input signals
4 IgF_D|JL Bit pattern test
| .
T L g
I I b ¥
Safety function % - |
T n N n
Inactive >
' t
Fault F1611 '
T o — e e
1 »
I>
t

Figure 5-10 Inverter response to a bit pattern test

An adjustable signal filter in the inverter suppresses temporary signal changes using bit

pattern test or contact bou

nce.

The filter increases the inverter response time. The inverter only selects its safety function
after the debounce time has elapsed.

Input signals
F-DI4

Bit pattern test

—
-

||

i

Ll 1]

—

l—

Debounce time

v

Debounce time
|

Safety function |
Active T
Inactive »
t
Figure 5-11  Filter for suppressing temporary signal changes
Parameter Description
p9650 F-DI switchover discrepancy time (Factory setting: 500 ms)
Tolerance time to switch over the safety input for the basic functions.
p9651 STO debounce time (factory setting: 1 ms)
Debounce time of the safety input for the basic functions.
p10002 F-DI switchover discrepancy time (Factory setting: 500 ms)
Tolerance time to switch over the safety inputs for the extended functions.
p10017 Digital inputs debounce time (factory setting: 1 ms)
Debounce time of the safety inputs for the extended functions.
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Debounce times for standard and safety functions

The debounce time p0724 for "standard" digital inputs does not influence the signals of the
safety inputs F-DI. Conversely, the same applies: The F-DI debounce time does not affect
the signals of the "standard" inputs.

If you use an input as a standard input, set the debounce time using parameter p0724 .

If you use an input as a safety input, set the debounce time as described above.
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5.7.2.2 Interconnecting the signal for fail-safe acknowledgment

Precondition

You have selected the extended functions via onboard terminals.

Procedure
|:>1 To assign the fail-safe acknowledgement signal to a safety input, proceed as follows:
2
1. Press the "Safety inputs/outputs" button.
2. Press the "Configuration" button.
3. Select a free safety input for fail-safe acknowledgment.
If there are no free safety inputs available, you have to acknowledge the safety function
faults using a different method.
Also see section: Acknowledging using a fail-safe signal (Page 232).
uff_sﬂended funchornes via ordnald’hmnds ﬂj
[11] Saety withou encoder with braking rame (SER) =l
Safely inputs/oulputs 0
: \\\\\\\\\:
Sch!B[gin?\ suemwmuml \
Configuration
Sale lop ¥ v ;\é\ SINAMICS :
\ ,| \
\ Drrve- \
\ 23 = N
NINE QO Bl N
\ N E—
\ \
\ \ B N \
\*\ \ NSSSS SN
S 3/
O You have interconnected fail-safe acknowledge signal with a safety input.
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5.7.3 Setting a safety output
5.7.31 Output signal and setting the test mode
Precondition

You have selected the extended functions via onboard terminals.

Procedure

|:>1 To set the safety output, proceed as follows:
1. Press the "Safety inputs/outputs" button.
2. Press the "Output" button.

e e

fr
uli;aend.ed hunchons via onboard beminals

N
;J
= |

|71 Siafety without encodes with braking ramp (SBR)

Safety inputs/outputs | |::>*- Safety inputs,/outputs J 2lx)

—.\ Mm_[\ £ 99 % %% %N

) — \

smos[?ﬁ\ \

\ Coriiguration ‘

Sse oot SINAMICS \

: Eoi—» Inputs o :

\ Diive - - Sh;% \

\ g N\

Lo N \

; A & | é\ :

W“\e?\“““\
JE= ) \
\ I“mm 1\@ o= \
\ [0] Mo function (s & @ \

| 101N function v q ! 00) 05
: | 107 Mo function ) = :
\ o100 fnction L}’@ \
\ i, Test ]|4]1estmudc4cwawmc.fmh;’i' \
N T T \
[N 4 \ A
="
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3. Interconnect the status signals of your choice with the fail-safe output.
The following signals are available:

STO active

SS1 active

SLS active

SSM feedback active

Internal event

SDI positive active

SDI negative active

— Safe state
p10039.0
T ti
SiQadi :\c Safestate
L p10039.1
SS1 active :‘l"
o
o
° p10039.4
SLS active a"’
O =1
—”
L p10039.5
SDI positive active Q"
: O
0—Z p10039.6
SDI negative active o"’
0—°

Figure 5-12 The safe state signal in the factory setting
If you wish to change the "safe state" signal, you must set the parameters in
STARTER via the expert list.
The inverter logically combines the status signals according to the following rules:
— The inverter ignored inputs without interconnection.
— If none of the inputs is interconnected, then the output signal = 0.
4. Activate the test for the safety output.
5. Select the test mode that is compatible with your application.
6. Adjust the wait time. The following lower limits apply for the setting:
— The wait time must be longer than the response time tr of the connected actuator.
— The wait time must be longer than or equal to 24 ms.

— The wait time must be longer than the time for the input filter of the feedback input
(p10017).

See also: Setting the filter for safety inputs (Page 113).
7. Close the screen forms.

O You have defined which signal the inverter transfers via its safety output, and how the
inverter tests its safety output.
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Description: Test mode of the safety output

Using its adjustable test mode, the inverter checks as to whether the safety output can be
shut down.

The test mode is aligned according to the interconnection of the safety output. For test
modes 2 and 3, you must adapt the appropriate wait time to your particular application.

Test mode 2

For test mode 2, the inverter switches off the two outputs one after the other, and evaluates
the feedback via a digital input.

1 —

(O[5 Ko7 (—

Self-test Start End

DOQ p====  — ] oo
|

DO 1 - ! l l ) S
e | J l 1 R >
iWait time t‘;lr- ki t; t T ke | t

Expected response I | I |

DIl - | e

I [ | I >

Response time t_ of t,
the actuator

Figure 5-13 Expected response at the digital input for test mode 2
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Test mode 3

When testing the safety output, the inverter switches off the two outputs one after the other
and evaluates the feedback via a digital input.

1
———

> 50| DO 0TG4 _
B -I-r:(-ﬂ
1
| [P]E-ICLE

Self-test E End
e OAF: T 1 1 T

DO 1 k....!

W

|Wait time t :
|
|
DI |

o 1 AR

Expected response T |
[

Response time t,, of t t
the actuator

Figure 5-14 Expected response at the digital input for test mode 3

Test mode 4

When testing the safety output, the inverter switches off the two outputs one after the other.
The transistor outputs of the SINAMICS G120D monitor the inverter using internal signals.
The safety input F-DI must monitor the safety output of the inverter.

el

DO 0 NO H

DO 0 COM[20 §:| F-DI

D0 2 NO
DO 2 COM[25]

o

Self-test T E End

DO 1 ! : ' : ' .
e | ' ] ' Ao

Wait time tW tw tw tw tw t

Figure 5-15 Test mode 4
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Parameter

Description

p10039

Safe State signal selection (factory setting: 0000 0001 bin)
Setting the signals for the "Safe State" signal.

p10042[0...5]

F-DO signal sources (Factory setting: 0)
Setting the 6 signal sources for F-DO.

p10046 F-DO feedback signal input activation (Factory setting: 0000 bin)
Activation of the feedback input for the safety output.
p10047 F-DO test mode (Factory setting: 0100 bin)
Setting the test mode for the safety output
p10001 Wait time for the forced checking procedure at DO (Factory setting: 500 ms) Within

this time, for a forced dormant error detection of the digital output, the signal must
have been detected via the corresponding feedback input (p10047).

The inverter always waits for a minimum of 24 ms.

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
Function Manual, 04/2014, FW V4.7, ASE34261271B AA




Commissioning

5.7.3.2

=

2

5.7 Setting extended functions

Setting the forced dormant error detection (test stop)

Precondition

You have selected the extended functions via onboard terminals.

Procedure

To set the forced dormant error detection (test stop) of the safety output, proceed as follows:

1.
2.

5.

Press the "Safety inputs/outputs” button.

Press the "Configuration" button.

Sy S e Y SR T

= D
Exﬂended funchons via onboard teminals 3)
=

| [1] Safety withowt encodes with braking ramp [SBR)

- | §| Safety inputs/outputs = < e 2]
Safely inpuls/outputs l A YA AC L L LS S S Y Y SSNNN
|. R = F

Moﬁmm\ Safa input and outpt taminalz ‘
SM&B&: Corfiguralion I :
e P ] ek
S .|
: \\\\‘—- e :
\ \ E] :-Dlzm ~ Safety alem acknowledgement \ N
\‘= o8 amten =\\\\\\\
Forcad dorm. ancr datection signal souce e 4

} ememmn= )

TR =)

- ISSCCCCCSCSSCN)

Interconnect this signal, for example with a digital input or a control bit in the fieldbus.
This signal starts the forced dormant error detection (test stop) of the safety output and
resets the remaining monitoring time to the value @.

We recommend that the safety output is tested together with the forced dormant error
detection of the safety functions. To do this, interconnect the signal source with the same
signal as the forced dormant error detection of the safety functions. See also Section:
Setting the forced dormant error detection (test stop) (Page 104).

. Set the monitoring time for the forced dormant error detection.

The time must be longer than or equal to the time for monitoring the forced dormant error
detection of the extended functions. See also Section: Setting the forced dormant error
detection (test stop) (Page 104).

Close the two screen forms.

You have defined which signal the inverter uses to start the forced dormant error detection
(test stop) of its safety output.
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Description: Forced dormant error detection of the safety output

The forced dormant error detection of the safety output is the regular self-test of the inverter,
in which the inverter checks whether the output can be shut down (deactivated).

The inverter monitors the regular forced dormant error detection of the safety output using a
timer element.

You must start the forced dormant error detection with a signal of your choice.

Monitoring time for fail-safe

Dut?ut

h 4
T 0 Forced checking procedure of the extended
(— AO1774_ | fynctions is required.
Start forced checking » Start the forced checking procedure of the
procedure = " fail-safe output

Figure 5-16  Start and monitoring of the forced dormant error detection of the safety output

Parameter Description

p10003 Forced dormant error detection timer (Factory setting: 8 h)
Setting the time to perform the forced checking procedure.

p10007 Forced checking procedure F-DO signal source (Factory setting: 0)
Select an input terminal to start the forced checking procedure.
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5.74 Configuring PROFIsafe in the converter

Precondition

You have selected PROFIsafe as interface.

Procedure

|:>1 Proceed as follows to assign the inverter a PROFIsafe address:

1. Press the "Configuration" button.

2. Enter the same PROFIsafe address in the hexadecimal format that you defined in the
hardware configuration.
Also see section: Configuring PROFIBUS communication with telegram 30 via GSD

(Page 78).

- =
u!—__ stended functions via FROFIzale

el

| 1S afely withaut encoder with braking ramp (SER)

Salely inputs |

Configuation |l
S| R
Metic toring | 1
< X
- \\‘\“\‘\\‘N
PROFlsafe addess
D05aH Mecharics configation | Ac. val acquisition configuration|

of the shutdown paths detection

\
\
\
\
\
\
\
-

\
Forced dom. snor detection Forced domant emor
Test stop »eled'm T

8.00 h

Remain. time til U] o o
Teststopr Days Hours Mirutes

T T T T T Iy

A L. OO LS. NN SN

3. Close the screen form.

] You have assigned the inverter its PROFIsafe address.

Parameter Description

p9610 PROFIsafe address (Factory setting: 0000 hex)

PROFIsafe telegram 30 Factory setting

Telegram 30 is the factory setting in the inverter. If you enable the safety functions with
communication via PROFIsafe, then the inverter expects telegram 30 from the higher-level

control system.
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Setting PROFIsafe telegram 900

=

128

Precondition

You have selected the extended functions "via PROFIsafe" or "via PROFIsafe and onboard
terminals"

Procedure

To set the PROFIsafe telegram 900, proceed as follows:

1. Press the "Safety inputs" button.

Q{-_ #hended funclions via FROF|zale

|[1 | Safety without encoder with beaking ramp [SBR)

2. Enable telegram 900.
If you disable this function, the inverter operates with telegram 30.

3. Set which F-DI status of the inverter is transferred via PROFIsafe status word 5 .

Note

The status of the safety inputs is transferred irrespective of whether you use one of the
safety inputs to control a fail-safe function.

4. Close the screen form.
You have set PROFIsafe telegram 900 in the inverter.

See also Section: Control word 5 and status word 5 (Page 50).

Parameter Description

p9501.30 Enable F-DI in PROFIsafe telegram(Factory setting: 0 bin)
0 signal: F-Dl is inhibited in the PROFIsafe telegram
1 signal: F-Dl is enabled in PROFIsafe telegram

p10050 Transfer PROFlsafe F-DI (Factory setting: 0000 bin)

Bit 0 0 signal: No transfer
1 signal: PROFIsafe status word 5 transfers the status of F-DI 0

Bit 1 0 signal: No transfer
1 signal: PROFIsafe status word 5 transfers the status of F-DI 1

Bit 2 0 signal: No transfer
1 signal: PROFIsafe status word 5 transfers the status of F-DI 2
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Enabling Shared Device

—>

o

If you control the inverter safety functions via PROFINET and "Shared Device", you must
enable this function in the inverter.

See also Section: Configuring shared device communication via PROFINET (Page 82).

Procedure

To configure communication via "Shared Device" in the inverter, proceed as follows:
1. In STARTER change to the expert list.

2. In STARTER, set p8929 = 2.

You have configured the communication via "Shared Device" in the inverter.

Starting communication via PROFIsafe

When you connect the converter to the higher-level control system (F-CPU) via the fieldbus
for the first time, the central control system sends the PROFIsafe configuration to the
converter. After the configuration data have been received in the converter,
PROFIsafecommunication starts.

The converter only monitors the communication to the F-CPU after the configuration data
have been received from the central control system.
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5.7.5 Setting SS1

Monitoring modes

You can select between two different monitoring modes of the SS1 function.

Braking ramp monitoring

Acceleration monitoring

Speed
A SBR

Standstill
monitoring

v

|

1
Delay time for braking I
ramp |
Deselect ! |
|

|

]

|

|

SS1 I
F-Dl or
PROFIsafe
control word

i 4

STO

active
F-DO or
PROFIsafe

status word

~Y

Speed |

Shutdown
speed |

Standstill
monitoring L_—.

v

|t ]
i Maximum time until the torque '
Deselect | is shut down

|
SS1A | |

F-DI or
PROFlsafe !
control word |
|
|

~Y

STO

active
F-DO or
PROFIsafe

status word

| 4
t

e Using the SBR (Safe Brake Ramp) function,
the inverter monitors whether the motor speed
decreases.

e The gradient of the SBR function can be
adjusted. The SBR function only starts after
the "Delay time for braking ramp". The SBR
function starts with the speed setpoint that
was applicable when SS1 was selected.

e When the standstill monitoring threshold is
fallen below, the inverter safely switches off
the motor torque (STO).

e The inverter monitors the motor speed using
the SAM (Safe Acceleration Monitor) function.

e The inverter prevents the motor from re-
accelerating by continuously adjusting the
monitoring threshold to the decreasing speed.

e The inverter reduces the monitoring threshold
until the "Shutdown speed" has been
reached.

¢ The inverter safely switches off the motor
torque (STO) if one of the following conditions
is fulfilled:

— The inverter detects that the motor is
stationary.

— The maximum time until the torque is
switched off has expired.
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5.7.5.1 Setting SS1 with braking ramp monitoring
Procedure
|:>1 To set the SS1 function with braking ramp monitoring, proceed as follows:
2

1. Select "[1] Safety without encoder with braking ramp (SBR)".

2. Press the "Safe stop functions" button.

Safety function selection

|Exﬂended funchons via onboard teminals 3
[11] 5 alety without enceder with braking ramp (SER) =l
Salety inputs/outputs | Configuration l
Molion monitoring
Sichese Basisfunklionen
[5TO)
Sale stoo hunclions 0 I
[ a1

’§
a
/
/
/
/
/
/
/
/.
=

active \
\ 551 salecton o \
NI = mike
\ e U \
\ e N
\ > ‘
\ 3 WVelocity resolution load side 04 o :
\ N Braking sy moritaing Delay time Ramp-down time (OFF3) o s \
= E =L
\ A= |0 \
\ (g :
\ ‘
5 0 \
5\\\\\\\\\\\\\\\\\\\\\\\\\\\\

3. Set the following:
- ® shutdown speed SS1.

- @ Delay time:
If the ramp-down time (OFF3) in your application is less than 10 seconds, then leave
the delay time at its factory setting. 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) is set to several minutes, you must extend the delay
time to several seconds in order to avoid any unwanted faults when selecting SS1.

- (® Monitoring time
The monitoring time defines the gradient of the monitoring curve when braking the
load.
If the monitoring curve should be parallel to the down ramp of the load, then you must
set the following: Monitoring time = ramp-down time (OFF3) / gear ratio.
Gear ratio = load/motor revolutions.
Example: Gear ratio = 1 / 3 = monitoring time = ramp-down time (OFF3) x 3.
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o

A monitoring time shorter than the above calculated value does not make sense, as
the inverter can reduce its monitoring curve faster than the load can be braked.
The longer you set the monitoring times, the more tolerant the monitoring.

- (® Reference velocity (reference speed):
Set the reference speed to the value of the maximum speed.

4. Close the screen form.

You have set the SS1 function with braking ramp monitoring.

Description: SS1 with braking ramp monitoring
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A
ON/OFF1

Deselect S51

Speed‘

Reference speed

Shutdown speed

A
SS1 active

STO active

N SBR
I -

|

|

|

|

|

STO

The motor coasts
> 4 to a standstill

Delay time

v

Monitoring time
|

Figure 5-17  SS1 with braking ramp monitoring

Reference speed and monitoring time

The two values define the gradient of the SBR monitoring .

Delay time

The SBR function only starts after an adjustable time. To begin with, the inverter monitors

the speed setpoint that applied when SS1 was selected.

Braking

The inverter brakes the motor with the OFF3 ramp-down time.
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Shutdown speed

5.7 Setting extended functions

The inverter safely switches off the motor torque using the STO function if the speed has

reached the shutdown speed.

Parameter Description

p9501.00 1 signal: Enable extended functions.
0 signal: Disable extended functions.

p9506 Function specification: (Factory setting: 1)

1: | With braking ramp monitoring

3: | With acceleration monitoring

the power unit)

p9546 SSM speed limit (factory setting: 20 rpm)
Only relevant to the SS1 function if p9560 = 0.

p9560 Shutdown speed (Factory setting: 10 rpm)

p9581 Reference speed (Factory setting: 1500 rpm)

p9582 Delay time (Factory setting: 250 ms)

p9583 Monitoring time (Factory setting: 10 s)

r9722.1 1 signal: SS1 active

r9723.16 1 signal: SAM/SBR active

p1135 OFF3 ramp-down time

p1226 Standstill detection, speed threshold (Factory setting: | The inverter switches off the
20 rpm) motor torque if the speed

p1227 Standstill detection monitoring time (Value depends on | &ither fulfills the condition for

standstill detection or the
shutdown speed p9569 has
been reached.
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5.7.5.2 Setting SS1 with acceleration monitoring
Procedure
|:>1 To set the SS1 function with acceleration monitoring, proceed as follows:
2

1. Select "[3] Safety without encoder with accel_monitoring (SAM)/delay time".

2. Press the "Safe stop functions" button.

Salety funclion selection
IE whended funclions via onboard terminals

|[3I Safely without encoder with sccel_mortoning[SAM) / delay time

Safety inputs/outpuls Configuation |

Motion monitarng

Sichere Basishunktionen
(5T0)

Sda d.uplumum

\\\\\\\\\\\\'\
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\ \ \
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N \t I s :
\ & Accslersiion morilomg Ramp-down time (OFF3) 0000 s N
\ Velocily Masitruen speed 1500000 pm \
\ e Y
: 'xt, 5

|

\ & m::ﬂau.memmmuusmsm :
\ Shubdown velociy \
\ accalesslion merdering N\
| o \
k“““““"‘l 6 ““““““\

\N
3. Set the following:

- (@ Delay time
After this time the inverter safely switches off the motor torque — regardless of the
actual speed.

- @ shutdown speed SS1

- (® speed tolerance

- (® shutdown speed acceleration monitoring
4. Close the screen form.

O You have set the SS1 function with acceleration monitoring.
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Description: SS1 with acceleration monitoring

r 3
ON/OFF1

Deselect SS1  —
Speed‘L |

4

1

Shutdown speed
acceleration
monitoring

Speed tolerance

STO

The motor coasts

to a standstill
Shutdown speed

|
|
|
Ss1 -
- 1 = >,
' Delay time | '
i | STOPB »STO |
SS1 active = -
STO active : .
"t

Figure 5-18 SS1 with acceleration monitoring

Speed tolerance

As long as the speed is less, the inverter continuously adds the tolerance to the actual speed
so that the monitoring tracks the speed.

Shutdown speed acceleration monitoring

The inverter reduces the monitoring threshold until it reaches the value of the "Shutdown
speed acceleration monitoring".

Shutdown speed SS1 and delay time

The inverter safely switches off the motor torque with the STO function if one of the two
conditions is fulfilled:

e The actual speed reaches the value of the shutdown speed SS1.

® The delay time has expired.
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Parameter Description
p9501.00 1 signal: Enable extended functions.
0 signal: Disable extended functions.
p9506 Function specification: (Factory setting: 1)
3: | With acceleration monitoring
p9548 Speed tolerance (Factory setting: 300 rpm)
p9556 Delay time STOP B » STO (Factory setting: 600000 ms)
p9560 Shutdown speed SS1 (Factory setting: 10 rpm)
p9568 Shutdown speed acceleration monitoring (Factory setting: 0 rpm)
r9722.1 1 signal: SS1 active
r9723.16 1 signal: SAM/SBR active
p1226 Standstill detection, speed threshold (Factory The inverter switches off the motor
setting: 20 rpm) torque if the speed either fulfills
p1227 Standstill detection monitoring time (Value the condition for standstill

detection or the shutdown speed

depends on the power unit)
p9569 has been reached.
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5.7.6 Setting SLS
5.7.6.1 Setting the monitoring functions
Procedure
|:>1 To set the SLS function, proceed as follows:
2 1. In the main screen form of the extended functions, select one of the two monitoring
modes:

— [1] Safety without encoder with braking ramp (SBR)
— [3] Safety without encoder with accel_monitoring (SAM)/delay time

2. Select the SLS safety function.
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3. Set the following:

(® The delay time only appears if you have selected acceleration monitoring (SAM).
The delay time must be longer than the time, when SLS is selected, that the motor
needs to brake with the maximum load from the maximum speed down to the lowest
SLS level.

@ Setpoint speed limiting as a % of the currently selected SLS level.
The inverter limits the speed to this value when SLS is active.

® Speed monitoring.
Set the load speed to be monitored.
If you have not set PROFIsafe as interface, then you can only set level 1.

® Set the response when the monitoring responds.
Also see section: Stop responses (Page 227).
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4. Close the screen form.

138

You have set the SLS function.
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Description of the SLS function

ONJ/OFF1 ; < ;o
Deselect SLS : -
't
Speed 4
Speed monitoring e
~d
N =L
Setpoint speed limit |
| »
-~ Tt
Delay time braking ramp monitoring Delay time |
| SLS select -+ SLS actilve
SLS active? I |
I ....... I h'-
t

Figure 5-19 Behavior after selecting SLS. Left: with braking ramp monitoring; right: without braking
ramp monitoring

After selecting SLS, the inverter brakes the motor according to the OFF3 ramp-down time.
Setting the braking ramp monitoring is described in Section. Setting SS1 with braking ramp

monitoring (Page 131).
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Parameter Description
p1135 OFF3 ramp-down time
p9501.00 1 signal: Enable SLS and extended functions.
0 signal: Inhibit SLS and extended functions.
p9506 Function specification: (Factory setting: 1)
1: | With braking ramp monitoring
3: | Without braking ramp monitoring
p9531[0...3] | Speed monitoring (Factory setting for all levels: 2000 rpm)
p9533 Setpoint speed limiting (Factory setting: 80 %)
The inverter limits the setpoint to the value r9733.
r9733[0] = p9531[x] x p9533.
p9551 Delay time SLS selection —» SLS active (Factory setting: 100 ms)
Not active for braking ramp monitoring.
p9563[0...3] | SLS-specific stop response (Factory setting: STOP A)
0: |STOP A
1. |STOPB
p9581 Reference speed (Factory setting: 1500 rpm)
p9582 Delay time (Factory setting: 250 ms)
p9583 Monitoring time (Factory setting: 10 s)
The gradient of the braking ramp depends on p9581 and p9583.
r9722.04 1 signal: SLS active
0 signal: SLS not active
p1135 OFF3 ramp-down time
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5.7.6.2 Settings for acceptance test

In order to be able to approach the monitoring limit of the safety function during the
acceptance test, you must temporarily deactivate speed limiting in the inverter.

Starter offers you the possibility to temporarily deactivating speed limiting.

Procedure
|:>1 To prepare for acceptance, proceed as follows:
1. In the main screen form of the extended functions, select the "Acceptance mode" button.

2. Set the time in which the inverter deactivates its internal speed limiting. During the
acceptance test, you must reach the monitored limit value within this time.

After this time expires, the inverter exits the acceptance mode and reactivates its internal
speed limiting.

Sale speed manitoning
(55M) ‘

Acceptance mode

[SDI)

- w —== .\
j_ N \-4_%
X/ N\

3. Close the screen form.

Sale motion drection ‘ \ mmmode

&4

O You have made the preparations for the function to be accepted.

Parameter
p9558 Acceptance test mode time limit (factory setting 40000 ms)
Maximum time limit: 100 seconds.
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5.7.7

=
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1
2

Setting SSM

Procedure

To set the SSM function, proceed as follows:

1. In the main screen form of the extended functions, select the SSM safety function.

2. Set the following in this screen form:
— (@ With or without hysteresis.

Configuration |

Metion monitoing

Sale basic functions
1570, SBC)

Sale stop functions
1551. SER)

Safe speed monitoring

® The behavior when the motor is switched off.
(® The speed to be monitored.

You do not need to set the filter time @ and hysteresis ® until you have enabled the
hysteresis (.

Safely mited speed
(5LS)

|
Sale spead monitonng
I55M)

=

=1

Acceplance mode

You have set the SSM function.

Filter time Hysteresis
=l o000 N [10.0000  rpm :
\ [ l_} N—= ﬁrfm
|/_'\~\AI‘T \Alg Peroe SN

I’

The SSM function is active immediately after commissioning has been completed.

If you have set the SSM feedback signal for pulse cancellation 2 as "remains active", when
switching on the motor, you must maintain a specific signal sequence. See also the section
Switching on the motor when SSM is active (Page 213).
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Description: SSM without hysteresis

Speed monitoring

® \When the motor is switched on, the inverter compares the load speed with the speed

limit.
on/oFF14
.;t
Speed A
. SSM
Speed limit s =
| | | |
| | | |
74 T T — /-'Lt
I | (.
| | | |
Negative speed limit f t et }
SSM
I | I I I
| | | | | |
Speed below the limit 4 | | L | |
value 1 | 1 I 1 |—=

t

Figure 5-20 Time response of the SSM safety function without hysteresis

Parameter Description

p9501.00 1 signal: Enable extended functions.
0 signal: Disable extended functions.

p9501.16 1 signal: Enable hysteresis and filtering
0 signal: Disable hysteresis and filtering

p9546 Speed limit (Factory setting: 20 rpm)

r9722.15 1 signal: Absolute value of the speed is lower than the speed limit
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Description: SSM with hysteresis

If you wish to monitor speeds that are very close to the speed limit, you may find it useful to
set the hysteresis.

Speed monitoring
® \When the motor is switched on, the inverter compares the load speed with the speed
limit, taking the hysteresis into account.

oN/oFF14

Speed A

Speed limit e —_ ‘ :
Hysteresis

4 I | L}
| |
) _,___T__H_yst;re;is__-r__ _______ -
Negative speed limit ?

Speed below Iimi‘w
value |

L

Figure 5-21 Time response of the SSM safety function with hysteresis

Filter

The signal filters smoothes the speed measured by the inverter. Use the filter if you wish to
monitor speeds that lie just below the speed limit.

Speed A

Without filter With filter

Speed limit
%_M
|

v

value

|
|
Speed below limit 4 |
1
1

Figure 5-22 Mode of operation of the filter of the SSM function
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Parameter Description
p9501.00 1 signal: Enable extended functions.
0 signal: Disable extended functions.
p9501.16 1 signal: Enable hysteresis and filtering
0 signal: Disable hysteresis and filtering
p9545 Filter time (Factory setting: 0 ms)
p9546 Speed limit (Factory setting: 20 rpm)
p9547 Hysteresis (Factory setting: 10 rpm)
r9722.15 1 signal: Absolute value of the speed is lower than the speed limit

Feedback signal SSM when the motor is switched off

You can select as to whether the SSM function should remain active when the motor is
switched off.

The following occurs if SSM remains active:

® With the motor switched off, the inverter freezes the "Speed below limit value" signal.

o \When the motor is switched off, STO is active.

A
ON/OFF1 F——

Speed 4

>

Speed below limit4

value 1

Standstill

STO active

.

it

A
ON/OFF1 F——

Speed 4

Speed below limit &

| Tt

| Standstill

value

STO active

Figure 5-23 Feedback signal SSM when the motor is switched off
Left: SSM becomes inactive. Right: SSM remains active

See also Section: Switching off the motor when SSM is active (Page 208).

Parameter Description

p9509.00

1 signal: SSM becomes inactive when the motor is switched off
0 signal: SSM remains active when the motor is switched off
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5.7.8

5.7.8.

=
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1

1
2

Setting SDI

Setting the monitoring functions

Procedure

To set the SDI function, proceed as follows:

1. Select the safety function SDI.

2. Set the following in this screen form:
@ Enable the function.

@ The delay time up to active monitoring.

® The tolerance for motion in the monitored direction.

@ The response when the monitoring function responds.

See also Section: Stop responses (Page 227)

(® The behavior when the motor is switched off.

See also Section: Switching off the motor when SDI is active (Page 217)

® @ Ifyou

leave this signal interconnection to the factory setting, when SDI is

selected, the inverter limits the speed.

Configuration

Motion monitong

Safe basic functions
I5T0. SBC)

Sale stop functions
1551, SER)

Safely mited spesd
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Sale speed monitoing
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> f @ () For posilive drection 3
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/-—-/ 0.0000 \

-\- |1mz_04 I\.ims ] I% - o
M\@/ \ 2 — Negative setport rdaton \'\ 6
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N
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You have set the SDI function.
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Description of the SDI function

Time response

If you select SDI, the inverter limits the speed or velocity setpoint to a value of zero in the
inhibited direction of rotation.

ON/OFF1 &
SDI+ deselect == I
Deselect SDI- — > e
L - \
| (N B
Speed | | | Speed 4 \
| —~ / SDI -
| T N <— " "
Setpoint speed s SDL 1 l___—l Angle | ;'|
limitin . e el ~ Tt | |
4 SDI + \ \ \'\_ Tolerance { — — — — /
— - |_\“__ A \‘\ /_;
elay time | Delay time
A | e
SDI+ active — |
SDI- active ﬁ—
.

Figure 5-24 Delay time and tolerance

Delay time

The inverter monitors the direction of rotation of the motor after the delay time has expired.
When SDI is selected, the delay time must be longer than the time that the motor requires to
brake the maximum load from maximum speed down to standstill. The inverter brakes the
motor with the OFF3 ramp-down time.

Tolerance

The inverter permits brief motion in the monitored direction, for example for brief speed
overshoots after braking down to standstill. To do this, the inverter converts the motor speed
into an angle. With the tolerance, you limit the maximum permissible angle in the monitored
direction.
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Feedback signal SDI when the motor is switched off

You can select as to whether the SDI function should remain active when the motor is

switched off.

e With the motor switched off, the inverter freezes the "SDI active" signal.

¢ \When the motor is switched off, STO is active.

F N
ON/OFF1
Deselect SDI- | -
[ L
Speed A |
SDI - |
T |\ » ¢
\:/_/| Standstill
|
A !
SDI- active —————]
STO active i
L &

A
ON/OFF1 |
Deselect SDI- | -~
[ Tt
Speed A |
SDI -
T I | g t
\:// | Standstill
|
A |
SDI- active -
STO active i—h
ot

Figure 5-25 Feedback signal SDI when the motor is switched off
Left: SDI becomes inactive. Right: SDI remains active

See also Section: Switching off the motor when SDI is active (Page 217).

Parameter | Description
p9501.00 1 signal: Enable extended functions.
0 signal: Disable extended functions.
p9501.17 1 signal: Enable SDI
0 signal: Inhibit SDI
p9509.08 1 signal: SDI becomes inactive when the motor is switched off
0 signal: SDI remains active when the motor is switched off
p9564 Tolerance (Factory setting: 12 degrees)
p9565 Delay time (Factory setting: 100 ms)
p9566 Stop response (Factory setting: 1)
0: | STOP A
1: |STOPB
r9722.12 1 signal: SDI positive active
r9722.13 1 signal: SDI negative active
p1135 OFF3 ramp-down time
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5.7.8.2 Settings for acceptance test

In order to be able to approach the monitoring limit of the safety function during the
acceptance test, you must temporarily deactivate speed limiting in the inverter.

Starter offers you the possibility to temporarily deactivating speed limiting.

Procedure
|:>1 To prepare for acceptance, proceed as follows:
1. In the main screen form of the extended functions, select the "Acceptance mode" button.

2. Set the time in which the inverter deactivates its internal speed limiting. During the
acceptance test, you must reach the monitored limit value within this time.

After this time expires, the inverter exits the acceptance mode and reactivates its internal
speed limiting.

Sale speed manitoning
(55M) ‘

Acceptance mode

[SDI)

- w —== .\
j_ N \-4_%
X/ N\

3. Close the screen form.

Sale motion drection ‘ \ mmmode

&4

O You have made the preparations for the function to be accepted.

Parameter
p9558 Acceptance test mode time limit (factory setting 40000 ms)
Maximum time limit: 100 seconds.
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5.7.9 Final steps

Activate settings

Procedure

|:>1 To activate the settings for the safety functions, proceed as follows:

2
1. Press the "Copy parameters" button, to create a redundant image of your inverter

settings.
N |

\ Copy parameters
\ )
Activate se“E\ngs I @ Change Password |

2. Press the "Activate settings" button.

w

If the password is the factory default, you are prompted to change the password.
If you try to set a password that is not permissible, the old password will not be changed.

Confirm the prompt for saving your settings (copy RAM to ROM).
Switch off the inverter supply voltage.

Wait until all LEDs on the inverter go dark (no voltage condition).

N o g &

Switch on the inverter supply voltage again.

O Your settings are now active.

Parameter Description

p9700 = 57 hex Sl copy function (factory setting: 0)
Starting the Sl parameter copy function.

p9701 = AC hex | Confirm data change (factory setting: 0)
Confirm date change overall.

p0010 =0 Drive commissioning parameter filter
0: Ready
p0971 =1 Save parameter

1: Save the drive object (copy from RAM to ROM)
After the inverter has saved the parameters in a non-volatile fashion, then
p0971 = 0.

Checking the connection of digital inputs

The simultaneous connection of digital inputs with a safety function and a "standard" function
may lead to the drive behaving in unexpected ways.

If you control the safety functions in the inverter using digital inputs, you must check whether
these digital inputs are connected to a "standard" function.
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Sefety Integrated |
Salety function selection

Safe torque off (STO)
Pulse disable Channel 1 active

™ Fulses
E Channel 1
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Charnel 1 Pulse disable Channel 2 active
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Channel 2
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Figure 5-26 Example: Assignment of digital inputs DI 4 and DI 5 with STO

Procedure
|::>1 In order to prevent the safety-related inputs of the safety functions unintentionally controlling
2 "standard" functions in the inverter, proceed as follows:

1. Select the inputs/outputs in STARTER in the project navigator.

2. Select the screen for the digital inputs.

3. Remove all digital input interconnections that you use as safety-related input F-DI:
4

. If you use the CDS dataset switchover, you must delete the digital input connections for

all CDS.
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Figure 5-27 Removing the DI 4 and DI 5 digital-input connections
(] You have now prevented safety-related inputs in the safety functions controlling "standard"

functions in the inverter.
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5.7 Setting extended functions

Checking the interconnection of the feedback signal input for the safety output
The interconnection of the feedback signal input with a "standard" function may lead to the
drive behaving in unexpected ways.
Preconditions
® You use the safety output of the inverter.

® You use one of the test modes 2 or 3, where the inverter evaluates the status of the
connected actuator via a digital input.

You must check as to whether this digital input is assigned a "standard" function.

Procedure
I:>1 In order to prevent that the feedback signal input of the safety output unintentionally controls
2 the "standard" functions in the inverter, proceed as follows:

1. Select the inputs/outputs in the project navigator of STARTER.
2. Select the screen for the digital inputs.

3. Remove the interconnection of the digital input that you use as feedback signal input for
the safety output:

— SINAMICS G120 with CU250S-2 Control Unit: Digital input DI 6 (see diagram).
— SINAMICS G120D: Digital input DI 5.

4. If you use the CDS data set switchover, remove the interconnection of the feedback
signal input for all CDS.

—_—————————
— r— er Digitalinputs: IHelewm| idvectional digial inputs/outputs | Anslog inpuls | Analog cutputs | Measuing Input |
:J-ér:gt TT i Current 1/0 configuestion: Usar-spedific configuration
B ive_

= =g Control_Uni
> Configuration
> Expert kst
3 Orive navigator Ichmnd contiol * Digitalinput 0 Digital input 0 inverted
& Tosiomts 5 -—O—@i_lw_l

i g b sa-@ -— Di1-
+ i I
b5 e nm e [Temina cormol=] Dighalingut 2 Digtalingut 2 ivered
b Diagnostics —J ot 3
B Documentation ITermml contiol iveited
-] SINAMICS LIBRARIES 8 '@ { )'I .:M_| |’—®4 .DJ

+ . ey o cortiol ® Digtal input 1 inverted
& § m‘?:"a 8 lol2 \_/IT minal contiol, O{.__'E_Q_D_O_IL__Q
1
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69HH(=— DICOM 1
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28 = L 24V powes supol [see onine helol
d o I_lolws:]up:cmﬂl. T e | O] o Help

Project B leld_UniI
Figure 5-28 Removing the interconnection of the feedback signal input DI 6 for the CU250S-2

O You have now prevented that the feedback signal input of the safety output controls
"standard" functions in the inverter.
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5.8 Offline commissioning

5.8 Offline commissioning

When you set the safety function parameters offline, you have to download them to the
inverter. Once you have downloaded them, you have to finish commissioning the safety
functions online.

The screens for the safety functions differ from each other slightly depending on whether you
work with STARTER online or offline. Follow the descriptions in this manual in order to set all
of the necessary parameters in line with the requirements of your application (this also
applies when setting the parameters offline).

Setting the safety functions offline

Procedure
|:>1 To set the safety functions offline, proceed as follows:
2 1. Select the safety functions in STARTER.

2. Set the check mark "Copy parameters after download":

[CEIE X PRETEIRY) I

Safety funcions

Safely limited speed
IEnabIe ¥ I—’ [5L5)

Sate speed monitoring
[55M)

Safe motion direction

Acceptance mode |

/.
[v Copy parameters after download

3. Set the safety function parameters offline.
When doing this, follow the descriptions of the online commissioning, also see Section:
Changing settings (Page 86).

4. Once you have finished setting the parameters, save your project by clicking the &
button.

O You have set the safety functions of the inverter offline, and saved them to your PC or PG.

In the next step, you must transfer the settings from your PC or PG to the inverter.
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5.8 Offfine commissioning

Loading the settings into an inverter using STARTER

Procedure

|:>1 To load the settings to the inverter, proceed as follows:

2
1. Go online with STARTER and start to download to the inverter using the button il

After the download, the inverter signals faults. Ignore these faults, as they will be
automatically acknowledged by the following steps.

Select the screen form for the safety functions.
Select the button to change the settings.
Activate the settings using the associated button.
Save your settings (copy RAM to ROM ).

Switch off the inverter supply voltage.

Wait until all of the LED on the inverter go dark.

© N o g bk~ w0 N

Switch on the inverter supply voltage again.

O The inverter has now accepted your settings.
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5.9 Series commissioning

5.9 Series commissioning

Series commissioning is the process where you transfer the settings of one inverter to a
second inverter.

Procedure

I:>1 To transfer settings from one inverter to another, proceed as follows:

1.
2.

Using STARTER , save your project to your PC or PG.

Loading your backed up settings to a second inverter:

Follow the procedure described in the section: Offline commissioning (Page 153).
If you control your inverter via PROFIsafe , then adapt the PROFIsafe address.
For further information, refer to the following sections:

— Basic functions: Configuring PROFIsafe (Page 92)

— Extended functions: Configuring PROFIsafe in the converter (Page 127)
Perform a reduced acceptance for the safety functions.

The necessary measures are described in the section: Reduced acceptance test after
component replacement (Page 266).

O You have transferred the settings of the first inverter to a second inverter.
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5.10 Acceptance tests for the safety functions

5.10 Acceptance tests for the safety functions

5.10.1 Acceptance test

What is an acceptance?

The machine manufacturer is responsible in ensuring that his 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 to personnel or material damage. This acceptance or validation is, for example,
also specified in the European machinery directive and essentially comprises two parts:

® Checking the safety-relevant functions and machine parts.
— Acceptance test.

® Generate an "Acceptance report" that describes the test results.
-~ Documentation.

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 checks whether the safety-relevant functions in the plant or machine
function correctly. The documentation of the components used in the safety functions can
also provide information about the necessary tests.

Testing the safety-related 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 inverter?

® Do the inverter settings match the configured safety-relevant function in the machine?

Acceptance test of the inverter

The acceptance test of the inverter is a part of the acceptance test of the entire machine or
plant.

The acceptance test of the inverter checks whether the integrated drive safety functions are
set up correctly for the planned safety function of the machine.

You can find examples for the acceptance test of integrated drive safety functions in section:
Examples of acceptance tests (Page 277).
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5.10 Acceptance tests for the safety functions

Documentation of the inverter
The following must be documented for the inverter:
® The results of the acceptance test.
® The settings of the integrated drive safety functions.

The commissioning tool STARTER logs the settings of the integrated drive functions, if
necessary. See also Section: Documentation for acceptance (Page 309).

The documentation must be signed.

Who may perform the acceptance test of the inverter?

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 test in the
correct manner are authorized to perform the acceptance testing of the inverter.
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5.10 Acceptance tests for the safety functions

5.10.2

158

Reduced acceptance test after expanding the function

A full acceptance test is necessary only after first commissioning. A reduced acceptance test
is sufficient when safety functions are expanded.

Table 5- 4

Reduced acceptance test after expanding the function

Measure

Acceptance test

Documentation

Changing a single limit (e.g. SLS
level).

Check the modified limit
value.

e Supplement function table
e Log modified settings
e Log the new checksum

e Countersignature

Functional expansion of the
machine (additional drive).

Check the safety functions
of the new drive.

e Supplement machine overview

e Supplement order number and
firmware version of the drive

e Supplement function table

e Log the settings of the new
drive

e Log the new checksum
e Countersignature

Functional expansion of a drive
(e.g. additional SLS level or new
safety function following a
firmware update).

Check the additional
functions.

e Supplement function table
e Log modified settings
e Log the new checksum

e Countersignature

Transfer of inverter settings to
other identical machines by means
of series commissioning.

Check the control and
feedback signal of all safety
functions.

e Supplement machine
description

e Log modified settings
e Check the checksums

e Check the firmware versions

See also Section: Reduced acceptance test after component replacement (Page 266).
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6.1 Overview and relevant inverter signals

About this chapter
This chapter answers the following questions:

o How must you regularly test the drive in order to maintain the assured probability of
failure of the safety functions?

e How does the drive respond when you select and deselect one of the safety functions?

e What do | need to observe when the motor is switched off or switched on with a safety
function active?

e How do the safety functions mutually influence one another, if you select more than one
safety function?

® How does the drive respond to a discrepant input signal?

e How does the drive respond to limit value violations or if internal monitoring functions
respond?
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6.1 Overview and relevant inverter signals

Inverter signals

Most of the inverter signals in this chapter are contained in the PROFIsafe telegram, can be
connected with a safety input or output — and are assigned the following parameters:

Inverter signals PROFlsafe | F-DI | F-DO | Parameter
Internal event v - v |r9723
STO active (basic functions) v - v |r9773.1
STO deselection (basic functions) v v - |r9773.0
STO active (extended functions) v -—- v [r9722.0
Deselect STO (extended functions) v v - 1r9720.0
SBC requested (basic functions) - | r9773.4
SS1 active (basic functions) v -—- v |r9773.6
Deselect SS1 (basic functions) v v - | r9773.5
SS1 active (extended functions) v - v [r97221
Deselect SS1 (extended functions) v v - |r9720.1
SLS active v - v |r97224
Deselect SLS v v - |r9720.4
SLS level active v - v r9722.9,
r9722.10
Select SLS level v v --- 1197209,
r9720.10
SSM feedback signal active (speed below limit value) v -—- v [r9722.15
SDI+ active v - v | r9722.12
SDI+ deselect v v - r9720.12
SDI- active v - v |r9722.13
Deselect SDI- v v -~ |r9720.13
SAM/SBR active -- | r9723.16
Forced dormant error detection is required (basic -—- -—- - |r9773.31
functions)
Forced dormant error detection is required (extended -—- -—- - r9723.0
functions)
Start forced dormant error detection (extended functions) -—- -—- - | p9705
"Standard" acknowledgment -—- -—- - | p2103
Fail-safe acknowledgment v v -- | r9720.7
Ready to switch on -—- -—- - 1r0052.0
ON/OFF1 --- | r0054.0
OFF2 --- | r0054.1
OFF3 --- | r0054.2
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6.2 Regularly testing the safety functions

6.2 Regularly testing the safety functions
6.2.1 Overview
Overview

You must initiate the following function tests as a minimum once per year in order to
maintain the assured failure probability of the safety functions:

® The inverter must test its safety input if you are using a safety input.
— Testing safety inputs (Page 161)
® The inverter must test its safety functions:
- Testing the basic functions (Page 162)
- Testing the extended functions (Page 163)
® The inverter must test its safety output if you are using a safety output.

- Testing a safety output (Page 165)

6.2.2 Testing safety inputs

Testing sensors and safety inputs
The inverter tests its safety inputs and the connected sensors with a signal change at the
inputs. We recommend that you test the safety inputs together with the forced dormant error
detection (test stop).
Procedure
|:>1 To test the safety inputs, proceed as follows:
1. Actuate the relevant sensor.
2. Check the following:
— The expected safety function is active.
— The inverter signals a fault.

O You have checked the safety inputs.
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6.2 Regularly testing the safety functions

6.2.3 Testing the basic functions

Time

The inverter monitors as to whether the self test (= forced dormant error detection, test stop)
is regularly started.

STOis ) » Start forced checking procedure of
active |_ ¥ the basic functions
:T 0: p Forced checking procedure of the
= basic functions is required

| —| A01699 |

Monitoring time

Figure 6-1 Starting and monitoring the forced dormant error detection (test stop)

In the case of alarm A01699, you must initiate a self test at the next opportunity, e.g.:

When the drives are at a standstill after the system has been switched on.
When a protective door is opened.

At specified regular intervals before the monitoring time expires.

Performing a forced dormant error detection (test stop)

Preconditions

STO is not active.

The motor is switched on (ON/OFF1 = 1), and is at a standstill (speed setpoint = 0).

Procedure
|:>1 To start the forced dormant error detection, proceed as follows:

1.

o > DN

Select the STO function.

The inverter checks its safety-related circuits. This check takes several milliseconds.
Deselect the STO function.

Check that alarm A01699 is no longer present.

Check the safety inputs of the inverter if you are using the safety inputs of the inverter.
See also: Testing safety inputs (Page 161).

O You have performed the forced dormant error detection.

162
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6.2 Regularly testing the safety functions

6.2.4 Testing the extended functions

Time

The inverter monitors as to whether the self test (= forced dormant error detection, test stop)
is regularly started.

Monitoring time for extended

functions
A01697

» Forced dormant error protection of the
extended functions is required

. Start the forced dormant error detection

\' of the extended functions

— i<
o

Start the forced
dormant error detection
of the extended
functions

I

Start the forced dormant error detection of
"the basic functions
1 p Forced dormant error protection of the
basic functions is required

| —| A01699 |

Monitoring time for the basic
functions

STOis
active

Figure 6-2  Starting and monitoring the forced dormant error detection (test stop)

If the inverter outputs alarm A01699 or A01697, you must initiate a forced dormant error
detection at the next opportunity, e.g.:

® When the system is switched on.

e At specified regular intervals before the monitoring time expires.
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6.2 Regularly testing the safety functions

Performing a forced dormant error detection (test stop)

164

When testing the extended functions, the inverter switches the motor into a no-torque
condition.

Preconditions

STO is not active.

If you start the forced dormant error detection with STO active, then the inverter responds
with a fault.

The motor is switched on (ON/OFF1 = 1), and is at a standstill (speed setpoint = 0).

Procedure

To start the forced dormant error detection of the extended functions, proceed as follows:

1.

o o k w

Start the forced dormant error detection using a signal of your choice, for example a
digital input.

The inverter checks its safety-related circuits. During the check, the inverter outputs
alarms C01798 and C30798. This check takes several milliseconds.

Set the signal to start the forced dormant error detection to zero.
Check that neither alarm A01699 nor alarm A01697 is active.
Check the safety inputs of the inverter, also see: Testing safety inputs (Page 161).

Check the safety output of the inverter, also see: Testing a safety output (Page 165).

You have performed the forced dormant error detection of the extended functions.

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
Function Manual, 04/2014, FW V4.7, ASE34261271B AA



Operation

6.2 Regularly testing the safety functions
6.2.5 Testing a safety output

Time of the test

The inverter monitors that the test is regularly performed using a time block.

Monitoring time for fail-safe

Dut?ut

h 4
T 0 Forced checking procedure of the extended
(— AD1774_ | fynctions is required.
Start forced checking » Start the forced checking procedure of the
procedure = " fail-safe output

Figure 6-3  Start and monitoring of the forced dormant error detection (test stop) of the safety output

If the inverter outputs alarm A01774, you must initiate the test at the next opportunity, e.g.:
® When the system is switched on.

e At specified regular intervals before the monitoring time expires.

Testing the safety output and the connected actuator
The inverter tests its safety output and the connected actuator with a signal change at the
output.
Procedure
|:>1 To test the safety output, proceed as follows:
1. Switch on the motor (ON/OFF1 command = 1).

If you wish to carry out the forced dormant error detection at standstill, the speed setpoint
must be =0

Start the test using a signal of your choice, for example a digital input.
The inverter briefly switches off the safety output. This test takes several milliseconds.

Set the signal to start the forced dormant error detection to zero.

o > w DN

Check that alarm A01774 is no longer present.
O You have checked the safety output.
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6.2 Regularly testing the safety functions

The response of the safety output depends on the test stop mode that has been selected.

1 —
EEEE . | S——Ea

Self-test Start End

St | 1] Ui
T I I T A
DO1 taaad I I | | 1- ----- 5
iWait timet,” t, t; [T | t
I |
Expected response T : | I :
Dl teeea - T s —
[-_- L [ I I >
Response time t,, of t. t
the actuator
Figure 6-4  Test stop mode 2
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Figure 6-5  Test stop mode 3
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6.2 Regularly testing the safety functions

DOONO |19 H
DO 0 COM| 20 §:| EXDi

D0 2 NO
DO 2 COM[25]

Self—testt Start End
2o | I 1 oo
I | | |
DO 1 [____. [
! : | .
izl | | — >
Wait time tW tw tw tw tw t

Figure 6-6  Test stop mode 4
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6.3 Safe Torque Off (STO)

6.3 Safe Torque Off (STO)

6.3.1 Overview

What can you find in this Chapter?
The relevant operating cases for the STO function are described in this chapter.

Table 6- 1 Operating cases for the STO function when the motor is switched on (ON/OFF1 = 1)

Selecting and deselecting STO - Selecting and deselecting STO when the motor is switched
on (Page 169)

Discrepancy in the input signal The safety input to select STO identifies an error.
- Response to a discrepancy when STO is active (Page 170)

Table 6-2  Switching the motor on and off when STO is active or not active

Switching on the motor (ON/OFF1 = Switching off the motor (ON/OFF1,
0-1) OFF2 or OFF3 =1 - 0)

STO is not active | If STO is not active, then there are no restrictions for switching on and switching
off the motor.
STO is active The active STO function prevents the The motor is always switched off when

motor from being switched on. STO is active. The OFF1, OFF2 and
OFF3 signals have no effect.
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6.3 Safe Torque Off (STO)

6.3.2 Selecting and deselecting STO when the motor is switched on

Select STO

Function

1. The machine control selects the STO safety function via a safety input or via PROFIsafe
(safety-related bus communication).

2. The inverter then safely switches off the motor torque.

A
ON/OFF1 1 I
Deselect STO — I :
| B
“t
Speed 4 | | |
——~———"——"" Motor runs down to ' |
| standstill | |
| | |
I | |
| : | »
| | it
A ) )
STO active I |
| |
LED SAFE Yellow - on Yellow - flashes slowly Yellow - on
LED RDY Green - on %
"t

Figure 6-7  Time response of the STO safety function (Safe Torque Off)

Switching on the motor once STO is active

Procedure
|:>1 To switch on the motor again once STO is active, proceed as follows:
2 1. Deselect STO.
2. Switch on the motor: ON/OFF1 = 1.
O You have switched on the motor.
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6.3 Safe Torque Off (STO)

6.3.3 Response to a discrepancy when STO is active
The inverter responds to a discrepancy at the safety input by activating safety function STO.
The inverter response depends on the setting of the inverter:
® You are using the basic functions - case 1.

® You are using the extended functions — case 2.

Case 1: Response of the drive for STO of the basic functions
You have selected one of the following settings:
® Basic Functions via onboard terminals
® Basic Functions via PROFIsafe and onboard terminals

o Extended Functions via PROFIsafe and Basic Functions via onboard terminals

A
ON/OFF1 1 I
I
"Standard" acknowledge "1 ;
Fail-safe 1 [ |
acknowledgment | | |
Fail-safe input to | ey I | | ' .
select STO . : . [ !
| ) 1 | I
[ ' ' "t
Discrepancy, e.g. | | I |
Speed 4 cable break I ! I I
|
| | I |
Tolerance time | | I t
i |
o dlslcreparl'ncy [ . I
STO active | ! ] 1 .
[ ' [
: |
Internal event | [ | | |
| | ' | |
LT
Yello| I
LED SAFE Yellow - on W Yellow - flashes | Yellow - on
slow | quickly :
LMLy
LED RDY Green - on Red - flashes quickly Green - on &
"t

Figure 6-8 Inverter response for discrepancy of the input signal for STO (example: Cable break in
the channel of processor P1)

Inverter messages after the tolerance time has expired:
® Discrepancy (fault FO1611 or F30611 with fault values r0949 = 2000 or 2002)

® The inverter sets the error bit of the safety functions (= internal event).
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6.3 Safe Torque Off (STO)

Independent of the voltage levels available, the inverter sets the evaluation of the discrepant
F-DlI into the safe state (=zero) until you acknowledge the inverter using a fail-safe signal or

using a power-on reset.

Case 1: Switching on the motor after a discrepancy

—>

1
2

Procedure

To switch the motor on again, proceed as follows:

1. Remove the discrepancy.

2. Acknowledge the internal event.

Selected setting

How can the internal event be acknowledged?

F-DI PROFIsafe Alternative
Basic functions via Select and deselect | --- Power on reset
onboard terminals STO (F-DI =

1-0-1)
Basic functions via Select and deselect | Select and deselect STO Power on reset
PROFIsafe and STO (F-DI = (PROFIsafe control word 1,
onboard terminals 1-0-1) bit0=1-0-1)

or
Select and deselect SS1
(PROFIsafe control word 1,
bit1=1-0-1)

or

Fail-safe acknowledgment

(PROFIsafe control word 1,
bit7=0-1-0)

Extended Functions
via PROFIsafe and

Basic Functions via
onboard terminals

Select and deselect
STO (F-DI =
1-0->1)

Select and deselect STO
(PROFIsafe control word 1,
bit0=1-0-1)

or

Select and deselect SS1
(PROFIsafe control word 1,
bit1=1-0-1)

or

Fail-safe acknowledgment
(PROFIsafe control word 1,
bit7=0-1-0)

Power on reset

3. Acknowledge the inverter with the "standard" acknowledge signal.

4. Issue an OFF1 command (ON/OFF1 = 0).

5. Switch on the motor (O

N/OFF1 =1).

You have acknowledged the discrepancy message, and switched on the motor again.
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6.3 Safe Torque Off (STO)

Case 2: Response of the drive for STO of the extended functions

You have selected the extended functions via onboard terminals.

A
ON/OFF1 1 I
I
"Standard" acknowledge 1 \
i -
Fail-safe | |
acknowledgment | |
Fail-safe inputtoselect [[———— 1 [ [ :
STO | , '
! : B
Discrepancy, e.g. ' ! | t
Speed 5 cable break Fo I
| |
B |
Lo |
| ‘
| | |
| g
= [ B t
Tolerance time | |
A discrepancy | |
STO active I : 1
‘ L] L
. LILrrroru
* |
LED SAFE Yellow - on Yellow - slow | Yellow - on
i iyl
LED RDY Green - on Red - flashes quickly Green - on &
L
t

Figure 6-9  Response of safety function STO in the event of a discrepancy

The inverter does not set the error bit of the safety functions (= internal event).

After the tolerance time has expired, the inverter signals the discrepancy (fault C01770 or
C30770).

Case 2: Switching on the motor after a discrepancy

Procedure
|:>1 To switch the motor on again, proceed as follows:
2 .
1. Remove the discrepancy.

2. Acknowledge the discrepancy message with a fail-safe acknowledge signal via a safety
input: F-DI=0->1 - 0.
Alternatively: Power on reset.

3. Acknowledge the inverter with the "standard" acknowledge signal.
4. Issue an OFF1 command (ON/OFF1 = 0).
5. Switch on the motor (ON/OFF1 = 1).

£ You have acknowledged the discrepancy message, and switched on the motor again.
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Operation
6.4 Safe Brake Control (SBC)

6.4 Safe Brake Control (SBC)

6.4.1 Selecting and deselecting SBC when the motor is switched on

If you have connected the motor holding brake to the inverter via the Safe Brake Relay, then
the SBC function is active under the following conditions:

1. You have activated the "motor holding brake" function in the inverter.
2. You have enabled the SBC function.

3. The STO function is active in the inverter.

Selecting STO when the motor is at a standstill

Function
1. The higher-level control switches the motor off: ON/OFF1 = 0 or OFF3 = 0.

2. When the drive has come to a standstill, the control selects the STO function.

F'
ON/OFF1 t—— —
Deselect STO |

| 1
I ' |
|
Speed T | : [
| |
[

.

A
Open brake

| y
| ) ' "t

@) @

Brake is open

i

SBC is requested

Figure 6-10 Wait until standstill is reached and activate SBC with STO

Before you can switch on the motor again, you must deselect the STO function.
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6.4 Safe Brake Control (SBC)

Selecting SS1 when the motor is rotating

Function

1. The higher-level control selects the SS1 function

2. The inverter brakes the motor with the OFF3 ramp-down time.

3. The inverter closes the motor holding brake once the motor is at a standstill.
4

. If the standstill monitoring is undershot, or once the delay time has expired, the inverter
activates the STO function and controls the brake with the SBC function.

A
ON/OFF1 ' i
I
|
Deselect SS1 — : .
] | ! L
| |
Speed T | I :
| I
| |
[
A : [ ' &
Open brake Il [ l_l
1
Brake is open (v(@» 1 @ | «@»
STO is active 7 i
| >y
SBC is requested I—II R
Ll

—-

Figure 6-11  When selecting SS1, the motor holding brake closes at standstill

Before you can switch on the motor again, you must deselect the SS1 function.
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Operation
6.4 Safe Brake Control (SBC)

Selecting STO when the motor is rotating

Function
1. The higher-level control selects the STO function.

2. The inverter closes the brake without taking the current speed into consideration.

A
ON/OFF1 LT
Deselect STO — I l
| | : >,
I
Speed T . I |
| I
|
| ] | |
; | \ : >
: t
A ! I
Open brake F————— | | —
j O
Brake is open | = ' | 0
SBC is requested ll |I »
i |

Figure 6-12 The motor holding brake closes after selecting STO

Before you can switch on the motor again, you must deselect the STO function.
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6.4 Safe Brake Control (SBC)

6.4.2 Response to faults in the brake control

Faults in the brake control

When opening or closing the brake, the inverter identifies faults in the brake cable and in the

brake winding.

¢ Safe Brake Relay BR+

S

(A
)

Control cable from the inverter to the Safe Brake Relay is interrupted
Short-circuit in the brake winding

Cross circuit between the brake cable and the 24 V supply voltage
Brake cable is interrupted

©@EEOO

Ground fault on the brake cable

Figure 6-13 Examples of faults in the brake control

Drive response

If the inverter detects a fault in the brake control, it responds with a STOP A (message
F01630 or F30630) and closes the brake.
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Operation

6.5

6.5.1 Overview

Safe Stop 1 (SS1)

What can you find in this Chapter?

6.5 Safe Stop 1 (551)

The relevant operating cases for the SS1 function are described in this chapter.

Table 6- 3

Response of the SS1 function when the motor is switched on (ON/OFF1 = 1)

Select and deselect SS1

on (Page 178)

- Selecting and deselecting SS1 when the motor is switched

Discrepancy in the input signal

The safety input to select SS1 identifies an error.
- Response to a discrepancy when SS1 is active (Page 183)

Limit value violation

been set.

The speed of the motor violates the SS1 monitoring that has

— Limit value violation when SS1 is active (Page 187)

The basic SS1 function does not monitor the motor speed. The
limit value violation is not relevant in this particular case.

Table 6- 4

Switching the motor on and off when SS1 is active or not active

Switching on the motor (ON/OFF1 =
0-1)

Switching off the motor (ON/OFF1,
OFF2 or OFF3 =1 - 0)

SS1 is not active

If SS1 is not active, then there are no restrictions for switching on and switching

off the motor.

SS1 is active

The active SS1 function prevents the
motor from being switched on.

The drive response depends on the
signal that you use to switch off the
motor.

- Switching off the motor when SS1 is
active (Page 182)
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6.5 Safe Stop 1 (551)

6.5.2 Selecting and deselecting SS1 when the motor is switched on
6.5.2.1 SS1 without monitoring
Select SS1

Function

1. The higher-level control selects the SS1 function via a safety input or via the PROFIsafe
safe communication.

2. If the motor is switched on when SS1 is selected, the inverter brakes the motor with the
OFF3 ramp-down time.

3. After the delay time, the inverter safely switches off the motor torque with the STO safety

function.
F'
ON/OFF1 1 I
Deselect SS1 — I '
[l I
] | ! Vt
Speed“ | [ I
! [ |
| [ |
| [ |
| [ |
I The motor coasts toa |
| standstill |/
| | | -
[ |
Delay |
SS1 active [ I |
| |
I
STO active | 1
| | |
LED SAFE Yellow - on Yellow - flashes slowly Yellow - on
LED RDY Green - on

i 4

Figure 6-14  Braking behavior and diagnostics of the safety function SS1 (Safe Stop 1)

Switching on the motor once SS1 is active

Procedure
|:>1 To switch on the motor again once SS1 is active, proceed as follows:
2 1. Deselect SS1.
2. Switch on the motor: ON/OFF1 = 1.
O You have switched on the motor.
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6.5.2.2

Select SS1

SS1 with braking ramp monitoring

Function

6.5 Safe Stop 1 (551)

1. The higher-level control selects the SS1 safety function via a safety input or via the

PROFIsafe safe communication.

2. If the motor has already been switched off when selecting SS1, then the inverter safely
switches off the motor torque with the safety function STO.

If the motor is switched on when SS1 is selected, the inverter brakes the motor with the
OFF3 ramp-down time. The inverter monitors whether the load speed decreases using

the SBR function.

3. The inverter safely switches off the motor torque using the STO safety function if the load
speed reaches the "standstill monitoring".

ON/OFF1

Deselect SS1 ;

Speed y

Shutdown speed

SS1 active
SAM/SBR active
STO active

A

r

I
I
SBR I
I
I
I

Moto; runs down to

| standstill
|
- ————— =75 == — = = e

LED SAFE

LED RDY

Switching on the motor once SS1 is active

=

o

Procedure

1. Deselect SS1.

2. Switch on the motor: ON/OFF1 = 1.

You have switched on the motor.
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SS1 delay |
h : ! | !
| I ] ]
| '—l |
| I |
| | — |
|
Yellow - on Yellow - flashes slowly Yellow - on
Green - on -
"t
Figure 6-15 Braking behavior and diagnostics of the safety function SS1 (Safe Stop 1)
To switch on the motor again once SS1 is active, proceed as follows:
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6.5 Safe Stop 1 (551)

6.5.2.3

Select SS1

SS1 with acceleration monitoring

Function

1. The higher-level control selects the SS1 safety function via a safety input or via the

PROFIsafe safe communication.

2. If the motor has already been switched off when selecting SS1, then the inverter safely

switches off the motor torque with the safety function STO.

If the motor is switched on when SS1 is selected, the inverter brakes the motor with the
OFF3 ramp-down time. The inverter monitors braking using the SAM function (Safe

Acceleration Monitor).

3. The inverter safely switches off the motor torque with the STO safety function if one of the

180

two conditions is fulfilled:

— The actual speed reaches the value of the "standstill monitoring".

— The delay time has expired.

A
ON/OFF1

Deselect S51

|
I
Speed‘ :
|
|

Shutdown speed '

Standstill monitoring

The motor coasts

' down to a standstill
| :
f

I
Delay time | '
STOP B - STO, !
A | '
SS81 active I | 1
| I
SAM/SBR active [ 1 .
|
STO active |  —
| | |
LED SAFE Yellow - on Yellow - flashes slowly Yellow - on
LED RDY Green - on

i 4

Figure 6-16  Braking behavior and diagnostics of the safety function SS1 (Safe Stop 1)
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Operation
6.5 Safe Stop 1 (SS517)

Switching on the motor once SS1 is active

Procedure
|:>1 To switch on the motor again once SS1 is active, proceed as follows:
2 1. Deselect SS1.
2. Switch on the motor: ON/OFF1 = 1.
O You have switched on the motor.
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6.5 Safe Stop 1 (551)

6.5.3

Description

182

Switching off the motor when SS1 is active

If you switch the motor off with the OFF1 or OFF3 command while the SS1 safety function is
active, for example when limit switches are reached, this does not affect how the motor
behaves. SS1 remains active and the inverter brakes the motor until the standstill detection
threshold is reached.

If you switch off the motor with the safety SS1 function active using the OFF2 command,
then the behavior of the drive is dependent on the setting of the SS1 safety function:

® SS1 without speed monitoring:

The inverter switches off the motor torque. The motor then coasts to a standstill. After the
delay time, STO is active.

® SS1 with speed monitoring:

The inverter switches off the motor torque with the STO safety function. The motor then
coasts to a standstill.

A

ON/OFF1
OFF2 1 I
Deselect SS1 1 |

v

Speed 4
SBR

Motor runs
down to

v

A

S81 active f
SAM/SBR active i—l
STO active | | |
| |
LED SAFE Yellow - on Yellow - flashes slowly Yellow - on
LED RDY Green - on

~v

Figure 6-17 OFF2 command when the SS1 safety function is active (example: SS1 with braking ramp
monitoring)
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6.5 Safe Stop 1 (551)

6.5.4 Response to a discrepancy when SS1 is active

The inverter responds with the active safety function SS1 to a discrepancy at the safety
input.

The behavior of the drive depends on the setting of the inverter.

1. case: Response of the drive for SS1 of the basic functions
You have selected one of the following settings:
® Basic functions via onboard terminals
® Basic Functions via PROFIsafe and onboard terminals

o Extended Functions via PROFIsafe and Basic Functions via onboard terminals

F'
ON/OFF1 1 I
I
"Standard" acknowledgment I ;
|
Fail-safe acknowledg- 1 |
I
ment | I |
Fail-safe input for | em——— I | ] ' .
selecting SS1 I | [ !
! ! J ! B
S ! = ' "t
Discrepancy, e.g. : I |
Speed 4 cable break | I | |
| . |
|
| |
! |
I |
! |
| |
! |
| : - I
Tolerance time ! | | t
discrepanc |
A ; pancy . | I
SS1 active [ I [ 1 |
| ; I
STO active : ] ] II 4
. |
Internal event L [ | I |
. | | | I
- LI LT
Yello| |
LED SAFE Yellow - on w, Yellow - flashes | Yellow - on
slow | rapidly |
LMLy
LED RDY Green - on Red - flashes rapidly Green - on o
L gt
t

Figure 6-18 Inverter response for discrepancy of the input signal for SS1 (example: cable break in
the channel of processor P1)

Inverter messages after the tolerance time has expired:
e Discrepancy (fault FO1611 or F30611 with fault value r0949 = 2002)

® The inverter sets the error bit of the safety functions (= internal event).
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6.5 Safe Stop 1 (551)

Independent of the voltage levels available, the inverter sets the evaluation of the discrepant
F-DlI into the safe state (=zero) until you acknowledge the inverter using a fail-safe signal or
using a power-on reset.

Switching on the motor after a discrepancy

=

Procedure
To switch the motor on again, proceed as follows:
1. Remove the discrepancy.

2. Acknowledge the internal event.

Selected setting How can the internal event be acknowledged?

F-DI PROFIsafe Alternative
Basic Functions via Select and deselect | --- Power on reset
onboard terminals SS1 (F-DI =

1-0-1)
Basic Functions via Select and deselect | Select and deselect STO Power on reset
PROFIsafe and SS1 (F-DI = (PROFIsafe control word 1,
onboard terminals 1-0-1) bit0=1-0-1)

or
Select and deselect SS1
(PROFIsafe control word 1,
bit1=1-0-1)

or

Fail-safe acknowledgment

(PROFIsafe control word 1,
bit7=0-1-0)

Extended Functions
via PROFIsafe and

Basic Functions via
onboard terminals

Select and deselect
SS1 (F-DI =
1-0->1)

Select and deselect STO
(PROFIsafe control word 1,
bit0=1-0-1)

or

Select and deselect SS1
(PROFIsafe control word 1,
bit1=1-0-1)

or

Fail-safe acknowledgment
(PROFIsafe control word 1,
bit7=0-1-0)

Power on reset

3. Acknowledge the inverter with the "standard" acknowledge signal.

4.

Issue an OFF1 command (ON/OFF1 = 0).

5. Switch on the motor (ON/OFF1 = 1).

O You have acknowledged the discrepancy message, and switched on the motor again.

184
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6.5 Safe Stop 1 (551)

2. case: Response of the drive for SS1 of the extended functions

You have selected the extended functions via onboard terminals.

A
ON/OFF1 1 I
1
|
|

"Standard” acknowledge 1

Fail-safe
acknowledgment

Fail-safe input to select l I
SS1 )

M
|

1

|

Discrepancy, e.g. I

Speed‘ cable break |
|

|

|

|

|

|

|

|

|

|

|

1

v

Shutdown speed

v

Tolerance time I
Discrepancy |

A :

551 active — i

I

STO active i | I |
|

LED SAFE Yellow - on Yellow - flashes slowly Yellow - on

LED RDY Green - on Red - flashes quickly Green - on

»

Figure 6-19 Inverter response for discrepancy of the input signal for SS1 (as example: SS1 with
braking ramp monitoring)

The inverter does not set the error bit of the safety functions (= internal event).

After the tolerance time has expired, the inverter signals the discrepancy (message C01770
or C30770) but does not interrupt the braking operation for the motor.
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6.5 Safe Stop 1 (SS17)

Switching on the motor after a discrepancy

Procedure
|:>1 To switch the motor on again, proceed as follows:
2 1. Remove the discrepancy.
2. Acknowledge the discrepancy message with the fail-safe acknowledge signal via a safety
input: F-DI=0->1 - 0.
Alternatively: Power on reset.
3. Acknowledge the inverter with the "standard" acknowledge signal.
4. Issue an OFF1 command (ON/OFF1 = 0).
5. Switch on the motor (ON/OFF1 = 1).
O You have acknowledged the discrepancy message, and switched on the motor again.
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Operation
6.5 Safe Stop 1 (SS517)

6.5.5 Limit value violation when SS1 is active

Drive response
If motion monitoring detects a fault when SS1 is active, the inverter safely switches off the
motor torque (STOP A).

A
ON/OFF1 | [

"Standard" acknowledge 1

Deselect SS1 | 1 I
I I

B 4

]

|

1 i

Speed | | |

~ SAM Converter identifies | I

| _~a fault | |

I | [ | I

[ | | [ !

| [ [ I

|
t 7 |/=t
| STOP A |
A | | |
SS1 active [ J |

| | I 1
SAM/SBR active [ l | |
. | - -
STO active I [ 1 I
Internal event ! | |I |
[ | |
|

Yellow - slow  Yellow -

LED SAFE Yellow - on :
quick

Yellow - on

LED RDY Green - on Red - flashes quickly Green - on

"t

Figure 6-20 General fault response of safety function SS1 (as an example: SS1 with acceleration
monitoring)

Switching the motor on after an internal event

Procedure
|:>1 To switch the motor on after an internal event while SS1 is active, proceed as follows:
2 1. Deselect function SS1.
2. Issue an OFF1 command (ON/OFF1 = 0).
3. Acknowledge the inverter with the "standard" acknowledge signal.
4. Switch on the motor again (ON/OFF1 = 1).
O You have acknowledged the internal event and switched on the motor again.
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6.6 Safely Limited Speed (SLS)

6.6

6.6.1

Safely Limited Speed (SLS)

Overview

What can you find in this Chapter?

188

The relevant operating cases for the SLS function are described in this chapter.

Table 6- 5

Response of the SLS function when the motor is switched on (ON/OFF1 = 1)

Selecting and deselecting SLS

on (Page 189)

- Selecting and deselecting SLS when the motor is switched

SLS is active

Switching over SLS levels when

(and vice versa).

Switching over from a higher SLS level to a lower SLS level

- Switching over SLS levels (Page 195)

Discrepancy in the input signal

The safety input to select SLS identifies an error.
— Response to a discrepancy when SLS is active (Page 202)

Limit value violation

The speed of the motor exceeds the set SLS limit value.
— Limit value violation when SLS is active (Page 204)

Table 6- 6

Switching the motor on and off when SLS is active or not active

Switching on the motor (ON/OFF1 =
0-1)

Switching off the motor (ON/OFF1,
OFF2 or OFF3 =1 - 0)

SLS is not active

If SLS is not active, then there are no restrictions for switching on and switching

off the motor.

SLS is active

If your application requires that SLS
always remains active, then you must
take into account several special issues
when switching on the motor.

- Switching on the motor when SLS is
active (Page 201).

The drive response depends on the
signal that you use to switch off the
motor.

- Switching off the motor when SLS is
active (Page 199)
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Selecting SLS when the motor is switched on

6.6 Safely Limited Speed (SLS)

Selecting and deselecting SLS when the motor is switched on

As soon as the inverter detects the selection of SLS via a safety input or via the PROFIsafe

safe communication, the following happens:

® The inverter limits the speed to a value below the SLS monitoring and brakes the motor

with the OFF3 ramp-down time.

® You can select whether the inverter monitors motor braking using the SMR (Safe Brake

Ramp) function or not.

With braking ramp monitoring

Without braking ramp monitoring

Speed 4

Delay time for braking

Setpoint -

Monitoring
Limitation

|

Deselect SLS 4 |
F-DI or |
I

|

I

PROFIsafe control
word

SLS active
F-DO orT

PROFlsafe status
word

Speed 4 Delay time after SLS

selection

Setpoint

Monitoring +
Limitation -

Deselect SLS 4

F-Dl or
PROFIsafe control
word

SLS active

F-DO or

PROFIsafe status
word

After the adjustable "Delay time for braking ramp"
has elapsed, the inverter uses the SBR (Safe
Brake Ramp) function to determine whether the
speed has decreased.

The inverter switches from SBR to SLS as soon
as one of the following two conditions is fulfilled:

e The SBR monitoring ramp has reached the
value of the speed monitoring.
This case is shown in the diagram above.

e The actual load speed reaches the value of
the speed monitoring and the "delay time for
braking ramp" has expired.

The inverter monitors the load speed after an
adjustable delay time has expired.

Advantages:

e Already during braking, the inverter detects as
to whether the load speed decreases too
slowly.

e The feedback signal "SLS active" generally
comes earlier than for the alternative
acceleration monitoring.

Advantage:

o Commissioning is simplified, because instead
of the SBR subfunction of the alternative
brake ramp monitoring, you only have to set
the delay time.
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6.6 Safely Limited Speed (SLS)

190

Selecting SLS at low motor speeds

If the motor speed when selecting SLS is less than the SLS limit, then the drive responds as

follows:

With braking ramp monitoring

Without braking ramp monitoring

Speed 4 Delay time for braking

I SLS
Monitoring — —| -

Limitation1—

|
Setpoint —AJ_-FN—-—M-.

v

Deselect SLS 4

F-Dl or
PROFIsafe control
waord

SLS active |
F-DO orT

v

PROFIsafe status
word

v

Speed 4 Delay time after SLS
selection

Monitoring 4
Limitation 1

Setpoint

Deselect SLS 4

F-Dl or
PROFIsafe control
word

SLS active |
F-DO orT

PROFIsafe status
word

v

The inverter monitors the speed after the "delay

time for the braking ramp".

The inverter monitors the load speed after an
adjustable delay time has expired.

Deselect SLS

If the higher-level controller deselects SLS, then the inverter deactivates limiting and

monitoring.
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Operation
6.6 Safely Limited Speed (SLS)

6.6.2.1 SLS with braking ramp monitoring

Selecting and deselecting SLS

If the machine control selects the SLS safety function via a safety input or via the PROFIsafe
safe communication , then the motor behaves differently depending on the absolute value of
the load speed. These two scenarios are described below.

Scenario 1: The absolute value of the load speed is less than the setpoint speed limit.

Function
1. The motor continues to follow the speed setpoint.

2. The inverter monitors the speed after the delay time has expired.

A
ON/OFF1

Deselect SLS —

-~y

Speed 4 5

I
|
Speed monitoring |
|

| .
—| |- Tt
Delay time braking ramp !
monitoring |
F N | |
SLS active | 1
’ I
SAM/SBR active | |
|
LED SAFE Yellow - on Yellow - flashes slowly Yellow - on
LED RDY Green - on

-~y

Figure 6-21 Selecting and deselecting the SLS safety function at low speeds
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Operation

6.6 Safely Limited Speed (SLS)

Scenario 2: The absolute value of the load speed is higher than the setpoint speed limit.

Function
1. The inverter brakes the motor.
2. The inverter monitors the speed after the delay time has expired.

3. If you deselect SLS, then the motor accelerates again up to the speed setpoint.

A
ON/OFF1
Deselect SLS —

Speed 4 | SBR

! >
| | t

I

|

I

Speed monitoring

Braking ramp monitoring

A delay time
SLS active [
SAM/SBR active 1 [
| |
LED SAFE Yellow - on Yellow - flashes slowly Yellow - on
LED RDY Green - on

i

Figure 6-22 Selecting and deselecting the SLS safety function at high speeds
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Operation
6.6 Safely Limited Speed (SLS)

6.6.2.2 SLS without braking ramp monitoring

Selecting and deselecting SLS

If the machine control selects the SLS safety function via a safety input or via the PROFIsafe
safe communication , then the motor behaves differently depending on the absolute value of
the load speed. These two scenarios are described below.

Scenario 1: The absolute value of the load speed is less than the setpoint speed limit.

Function
1. The motor continues to follow the speed setpoint.

2. The inverter monitors the speed after the delay time has expired.

A
ON/OFF1
Deselect SLS — I
|
| | rt
Speed 4 |
Speed monitoring | l e
[ | |
| | |
[ \ [ .
— |— | "t
Delay time |
Select SLS — SLS active
A [ !
SLS active I |
SAM/SBR active | '
| |
LED SAFE Yellow - on Yellow - flashes slowly Yellow - on
LED RDY Green - on s
t

Figure 6-23 Selecting and deselecting the SLS safety function at low speeds
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Operation

6.6 Safely Limited Speed (SLS)

Scenario 2: The absolute value of the load speed is higher than the monitoring threshold.

Function

1. The inverter brakes the motor.

2. The inverter monitors the speed after the delay time has expired.

3. If you deselect SLS, then the motor accelerates again up to the speed setpoint.

A
ON/OFF1

Deselect SLS ;

Speed 4

Speed monitoring

~v

Delay time
A Select SLS - SLS actilve
SLS active [
SAM/SBR active |
|
LED SAFE Yellow - on Yellow - flashes slowly Yellow - on
LED RDY Green - on

i

Figure 6-24 Selecting and deselecting the SLS safety function at high speeds
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Operation

6.6.3

Overview

Switching over SLS levels

6.6 Safely Limited Speed (SLS)

When SLS is active, you can switch between four different speed levels via PROFIsafe.

The drive response when switching over to a lower SLS level depends on whether you have
selected SLS with or without braking ramp monitoring.

With braking ramp monitoring

Without braking ramp monitoring

Speed 4

Limit level 2 | 7

Limit level 1 |

Select
SLS level

PROFIsafe
control word 2

Level 1

Active
SLS level

PROFIsafe

status word Level 2

v

Level 1

L

t

Speed 4

Limiting stage 2 7

Limiting stage 1 |

Select
SLS level

PROFIsafe
control word 2

Level 1

v

Active
SLS level |

PROFIsafe

status word Level 2

Level 1
| .
»”

t

The inverter monitors the motor as it brakes using
the SBR (Safe Brake Ramp) function.

After an adjustable time, the inverter switches the
SLS monitoring from the higher SLS level to the
lower SLS level.
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Operation

6.6 Safely Limited Speed (SLS)

6.6.3.1

SLS with braking ramp monitoring

Switching over SLS levels

196

When is SLS is active, you can switch between four different speed monitoring levels (SLS
levels).

Note

Switching over SLS levels is only possible via PROFIsafe with control word 1. See also
Section: Control word 1 and status word 1 (extended functions) (Page 48).

Function

When you switch from a higher to a lower speed monitoring level (SLS level), the following
takes place:

1. The inverter brakes the motor.

2. Once the delay time has expired, the inverter monitors the motor speed using the SBR
(Safe Brake Ramp) function.

3. The inverter switches from SBR monitoring to SLS monitoring as soon as one of the
following two conditions is fulfilled:

— The SBR monitoring ramp has reached the value of the SLS monitoring.
This case is shown in the diagram above.

— The load speed has decreased down to the value SLS monitoring and the "delay time
for braking ramp" has expired.

When you switch from one of the lower monitoring level to a higher speed monitoring level,
then the inverter immediately monitors the speed with the higher SLS level.
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6.6 Safely Limited Speed (SLS)

A

ON/OFF1
Deselect SLS
Select SLS level 2

Speed A | |
SLS level 1 SBR SLS level 1

SLS level 2

| B
T | o
Delay time braking ramp |
A monitoring _ |
SLS active ! ! |
| |
SAM/SBR active 1 I
I
|
Active SLS level | 1
LED SAFE Yellow - flashes slowly
LED RDY Green - on
g

Figure 6-25 Switching between different monitoring thresholds

The inverter signals the active SLS level via PROFIsafe to the higher-level control. See also
Section: Control word 1 and status word 1 (extended functions) (Page 48).
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6.6 Safely Limited Speed (SLS)

6.6.3.2 SLS without braking ramp monitoring

Switching over SLS levels

When is SLS is active, you can switch between four different speed monitoring levels (SLS
levels).

Note

Switching over SLS levels is only possible via PROFIsafe with control word 1. See also
Section: Control word 1 and status word 1 (extended functions) (Page 48).

Function

When you switch from a higher to a lower speed monitoring level (SLS level), the following
takes place:

1. The inverter brakes the motor.

2. Once the delay time has expired, the inverter monitors the speed using the lower speed
monitoring level.

When you switch from one of the lower monitoring level to a higher speed monitoring level,
then the inverter immediately monitors the speed with the higher SLS level.

A

ON/OFF1
Deselect SLS
Select SLS level 2

Speed A | I
SLS level 1 SLS level 1

SLS level 2

v

— l-—

Delay time
A Select SLS - SLS active

SLS active

SAM/SBR active

|
|
|
|
L
T
|
|
1

1
|
|
Active SLS level |

Uy IrLIrrLrs

LED SAFE Yellow - flashes slowly
LED RDY Green - on

>
Figure 6-26  Switching between different monitoring thresholds
The inverter signals the active SLS level via PROFIsafe to the higher-level control. See also

Section: Control word 1 and status word 1 (extended functions) (Page 48).

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
198 Function Manual, 04/2014, FW V4.7, ASE34261271B AA



Operation

6.6 Safely Limited Speed (SLS)

6.6.4 Switching off the motor when SLS is active

Description

If you switch off the motor with the SLS function active using the OFF1 or OFF3 command,
e.g. when reaching limit switches, the following happens:

1. The inverter brakes the motor with the OFF1 or OFF3 ramp-down time.
2. Also while braking, the inverter monitors the motor speed.

3. When reaching the standstill monitoring, the inverter safely switches off the motor torque
with the STO safety function.

4. The motor coasts down to a standstill.

A

ON/OFF1
Deselect SLS |

B 4

Speed 4 sSLS

Standstill
monitoring

F 3
SLS active | |

STO active | I

LED SAFE | Yellow -on Yellow - flashes slowly
LED RDY Green - on

i

Figure 6-27 OFF1 command when the SLS safety function is active
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6.6 Safely Limited Speed (SLS)

If you switch off the motor using the OFF2 command, then the inverter immediately safely
switches off the motor torque using the STO safety function.

A

h

ON/OFF1
OFF2 L
|
Deselect SLS | : »
't
Speed 4
SLS The motor
! coaststo a
/standstill

v

4

SLS active i
|
STO active [
. 4JuuyJyuuUuuUuuuUuUuUyUuUugUUuUuLr
LED SAFE | Yellow - on Yellow - flashes slowly
LED RDY Green - on

B

Figure 6-28 OFF2 command when the SLS safety function is active
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Operation

6.6 Safely Limited Speed (SLS)

6.6.5 Switching on the motor when SLS is active

Switch on motor

Procedure
|:>1 To switch the motor on with SLS active, proceed as follows:
2
1. Select STO (or SS1).
2. Deselect STO (or SS1).
3. After deselecting STO, wait until the inverter is "ready to switch on".
Alternatively: After deselecting STO, wait a certain time before switching on. We
recommend a wait time of 200 ms.
4. Switch on motor within 5 s after deselecting STO (ON command).
A . :
ON/OFF1 ] | —
Deselect SLS ' ' ' |
Deselect STO . | i : >
"t
Speed 4 i ; 5s :r
: SLS || :
| | |
I Il |
| I |
| 1] |
al | ¥ |
Stalndgllll N ] I
mOI“IIlOFII“Ig | | | | | B
| | T | Pt
A | . |
SLS active I I I f
STO active ! ; I !
Ready to switch on i—i 'll—i
LED SAFE Yellow - flashes slowly
LED RDY Green - on ..
"t
Figure 6-29  Switching the motor off and on (ON/OFF1) when SLS is active
O You have switched on the motor.

You have not switched on the motor within 5 seconds

If you do not switch on the motor within 5 seconds after deselecting STO, the following

happens:

® The inverter goes back into the STO state.

® The inverter no lon

ger responds to the ON command.

® The inverter outputs Alarm A01795.

To switch on the moto

r you must repeat the procedure described above.
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6.6 Safely Limited Speed (SLS)

6.6.6 Response to a discrepancy when SLS is active

Drive response

The inverter responds with the active SLS safety function to a discrepancy at the safety

input.
A
ON/OFF1
"Standard” acknowledge 1
Fail-safe ||

acknowledgment

Fail-safe input to select | |
SLS

~v

Discrepancy, e.g.

Speed 4

I
|
f
|
|
cable break |
|
|
|
|

discrepancy

I

|

|

: |

Tolerance time |
|

[

1

|

4
SLS active : L
| [
) LML LI
LED SAFE Yellow - on Yellow - slow :Yellow -on
|
UuunnnnnnnnnnunrT
LED RDY Green - on Red - flashes quickly Green-on_ o
L

t

Figure 6-30 Behavior of the inverter for discrepancy of the input signal for SLS

The inverter does not set the error bit of the safety functions (= internal event).

After the tolerance time has expired, the inverter signals the discrepancy (Alarm C01770 or
C30770). The SLS function remains active, and the motor remains switched on.

Independent of the voltage levels available, the inverter sets the evaluation of the discrepant
F-DI into the safe state (=zero) until you acknowledge the inverter using a fail-safe signal or
using a power-on reset.
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6.6 Safely Limited Speed (SLS)

Deselecting SLS after a discrepancy

Procedure
|:>1 To deselect SLS, proceed as follows:
2 1. Remove the discrepancy.
2. Acknowledge the discrepancy message with the fail-safe acknowledge signal via a safety
input: F-DI=0->1 - 0.
Alternatively, you can acknowledge the message in one of the following ways. However,
the drive stops in these cases:
— Select the STO function and then deselect again: F-DI =1 - 0 - 1.
— Select the SS1 function and then deselect again: F-DI =1 -0 - 1.
— Switch off the inverter supply voltage and on again (power on reset).
3. Acknowledge the inverter with the "standard" acknowledge signal.
O You have acknowledged the discrepancy message and deselected SLS.
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6.6 Safely Limited Speed (SLS)

6.6.7

Drive response

204

Limit value violation when SLS is active

When motion monitoring detects a fault when SLS is active, the inverter responds by
triggering a STOP A or STOP B. The inverter response is parameterized during
commissioning. The various STOP variants are described in the section Stop responses

(Page 227).
A
ON/OFF1 | | —
I
"Standard" acknowledge 1 .
1 ¥
I
Fail-safe e .
acknowledgment : : |
Deselect SLS | | »
| f 1 4 »
Speed o | I |
Converter | I | !
= | identifies a fault | | | |
’___\_/_/_/] I | I l
| | | | |
| | | | |
L | I ' »
Response can be set: | Tt
STOP A or STOP B |
A | | I |
SLS active : 1 1 .
STO active | | |
Internal event I 1 |
| | |
[ "yellow
LED SAFE Yellow - slow I Yellow - flashes quickly I on
UL UUUIinT Green
LED RDY Green - on Red - flashes quickly on .
L’
t

Figure 6-31

Limit value violation of safety function SLS. Example with STOP A as fault response
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6.6 Safely Limited Speed (SLS)

Switching the motor on after an internal event

Procedure
I:>1 To switch the motor on after an internal event while SLS is active, proceed as follows:
2 1. Deselect the SLS function.
2. Issue an OFF1 command (ON/OFF1 = 0).
3. Acknowledge the internal event in one of the following ways:
— Fail-safe acknowledgment using PROFIsafe control word 0, bit7=0-1-0
— Fail-safe acknowledge signal via a safety input: F-DI=0 - 1 - 0.

— Select the STO function and deselect again (PROFIsafe control word 0, bit O or F-DI).
1-0-1).

— Select the SS1 function and deselect again (PROFIsafe control word 0, bit 1 or F-DlI).
1-0-1).

— Switch off the inverter supply voltage and on again (power on reset).
4. Acknowledge the inverter with the "standard" acknowledge signal.
5. Switch on the motor (ON/OFF1 = 1).

O You have acknowledged the internal event and switched on the motor again.
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6.7 Safe Speed Monitor (SSM)

6.7

6.7.1 Overview

Safe Speed Monitor (SSM)

What can you find in this Chapter?

The relevant operating cases for the SSM function are described in this chapter.

Table 6- 7

Response of the SSM function when the motor is switched on (ON/OFF1 = 1)

Feedback signal

The SSM function signals as to whether the motor speed is
above or below the set SSM limit value.

- Selecting SSM when the motor is switched on (Page 207)

Table 6- 8

Switching the motor on and off when SSM is active or not active

Switching on the motor (ON/OFF1 =
0->1)

Switching off the motor (ON/OFF1,
OFF2 or OFF3 = 1 - 0)

SSMis not
active

If SSM is not active, then there are no restrictions for switching on and switching

off the motor.

SSM is active

If SSM is active, you must take into
account several special issues when
switching on the motor.

- Switching on the motor when SSM is
active (Page 213).

The drive response depends on the
signal that you use to switch off the
motor.

- Switching off the motor when SSM is
active (Page 208)
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Operation

6.7 Safe Speed Monitor (SSM)

6.7.2 Selecting SSM when the motor is switched on

Description

The safety function SSM cannot be selected or deselected using external control signals.
SSM is active if all of the following conditions are met:

® You have enabled one or several extended safety functions.
® For the SSM function, you have set a monitoring speed of > 0.

Before you switch on the motor for the first time after a power-on reset, the feedback signal
"speed below limit value" of the SSM function is always equal to 0.

When the motor is switched on, the inverter compares the load speed with the speed limit.

A
ON/OFF1 | »
it
Speed A
SSM
Speed limit T~
| I ([
| I ([
l | | | [
4 ot
| I (|
I I I
Negative speed limit : l x
L Y :\/:
| | |1
A I | I ! I
Speed below the | | [ | |
limit value 1 I 1 J 1 |
LED SAFE Yellow - on
LED RDY Green - on .
t

Figure 6-32 Time response of the safety function SSM (Safe Speed Monitor)
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Operation
6.7 Safe Speed Monitor (SSM)

6.7.3 Switching off the motor when SSM is active

Description

If you switch off the motor with the SSM function active using the OFF1 or OFF3 command,
e.g. when reaching limit switches, the following happens:

1. The inverter brakes the motor with the OFF1 or OFF3 ramp-down time.
2. Also while braking, the inverter monitors the motor speed.

The inverter responds differently depending on the speed at the instant of switch off.

When switching off, the speed is less than the SSM limit value
You can set the behavior of the inverter after switching-off the motor in two different ways:
1. Feedback signal "SSM active" for pulse inhibit remains active:

When the motor is switched off, the inverter prevents the motor from accelerating by
issuing an STO. When the motor is switched off, "Status SSM" = 1.

2. Feedback signal "SSM active" for pulse inhibit becomes inactive:

When the motor is switched off, the inverter sets "Status SSM" = 0.
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Operation

6.7 Safe Speed Monitor (SSM)

The inverter brakes the motor down to a standstill using the OFF1 or OFF3 command and

then switches it off
If the "SSM active"

feedback signal should remain active when the pulses are inhibited, then

the inverter safely switches off the motor torque using the safety function STO.

ON/OFF1 | ]

Speed 4

A 4

. I

SSM

Standstill menitoring

y
Speed below the

v

limit value

STO active

|
|
|
|
1
|
|
]
|| . ) .
: "SSM active" remains active

LED SAFE

Speed below the

(SpEpEpEpEpEpipl)

Yellow - on Yellow - flashes slowly

limit value

STO active

|
|
|
1
|

"SSM active" becomes inactive

|

LED SAFE

LED RDY

Yellow - on

Green - on

i 4

Figure 6-33 OFF1 command when the SSM safety function is active
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Operation

6.7 Safe Speed Monitor (SSM)

The inverter immediately switches off the motor with the OFF2 command.

If the "SSM active"

feedback signal should remain active when the pulses are inhibited, then

the inverter safely switches off the motor torque using the safety function STO.

y
ON/OFF1

OFF2
Speed 4

Speed below the
limit value

STO active

h

SSM The motor

coaststo a
AW\ standstill

| .
>

—

LED SAFE

Speed below the

"SSM active" remains active
LMoo

Yellow - on

limit value
STO active

i
<

LED SAFE

LED RDY

|
Yellow - on

Yellow - flashes slowly
}"SSM active" becomes inactive

Green - on

. 4

Figure 6-34 OFF2 command when the SSM safety function is active
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6.7 Safe Speed Monitor (SSM)

When switching off, the speed is higher than the SSM limit value

The inverter brakes the motor down to a standstill using the OFF1 or OFF3 command and
then switches it off.

If the "SSM active" feedback signal should remain active when the pulses are inhibited, then
the inverter safely switches off the motor torque using the safety function STO.

*
ON/OFF1 | |
Speed 4 !

\ 4

Standstill monitoring

T Lg
A | t
Speed below the _ |
limit value | :
; |
STO active | . ;
| T "SSM active" remains active
T oy
LED SAFE Yellow - on | Yellow - flashes slowly
|

Speed below the

limit value | 1
STO active "SSM active" becomes inactive
LED SAFE Yellow - on

LED RDY Green - on

-~y

Figure 6-35 OFF1 command when the SSM safety function is active
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6.7 Safe Speed Monitor (SSM)

The inverter immediately switches off the motor with the OFF2 command.

If the "SSM active"

feedback signal should remain active when the pulses are inhibited, then

the inverter safely switches off the motor torque using the safety function STO.

The feedback signal "SSM active" remains = 0.

y

h

ON/OFF1
|
OFF2 | »
I 4
Speed A | The motor
SSM coaststo a
! / standstill
I
| \
| >
»,
A l t
Speed below the I
limit value !
i ]
SHOiache ; "SSM active” remains active
LMoy
LED SAFE Yellow - on ! Yellow - flashes slowly
|
Speed below the I
limit value |
STO active ! "SSM active" becomes inactive
|
LED SAFE Yellow - on
LED RDY Green - on

~v

Figure 6-36 OFF2 command when the SSM safety function is active
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6.7 Safe Speed Monitor (SSM)

6.7.4 Switching on the motor when SSM is active

The procedure for switching on the motor depends on how you have set the SSM function.

The feedback signal "SSM active" for pulse inhibit becomes inactive

With this setting, the SSM function does not influence switching on the motor. SSM is active
when you switch on the motor.

ON/OFF1 | ]

Speed 4

v

-

SSM

Standstill
monitoring

F 3
Speed below the
limit value

LED SAFE Yellow - on
LED RDY Green - on

.

Figure 6-37  Switching on the motor when the SSM function is active, interrupting SSM
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6.7 Safe Speed Monitor (SSM)

The feedback signal "SSM active" for pulse inhibit remains active

With this setting, you must maintain a certain sequence before switching on the motor.

Procedure
|:>1 To switch the motor on, proceed as follows:
2 .
1. Select STO (or SS1) after the motor has been switched off.
2. Deselect STO (or SS1) again before you switch on the motor.
3. After deselecting STO, wait until the inverter is "ready to switch on".
Alternatively: After deselecting STO, wait a certain time before switching on. We
recommend a wait time of 200 ms.
4. Switch on motor within 5 s after deselecting STO (ON command).
A B
ON/OFF1 - [
Deselect STO | ] j »
| 55 ] "1
Speed & : I :
I
: SSM | | :
| 1 ]
by I
I | I
I I| I
. : i |
Stalndghll i I |
monitoring | || | ~
I T T Py
A I b I
Speed below the | i I
limit value H Ly H
STO active ! !
Ready to switch on !—i—i
| |
Ly
LED SAFE Yellow - on Yellow - flashes Yellow - on
slowly
LED RDY Green - On ~
t
Figure 6-38 Switching on the motor when SSM is active
O You have switched on the motor.

You have not switched on the motor within 5 seconds

If you do not switch on the motor within 5 seconds after deselecting STO, the following
happens:

® The inverter goes back into the STO state.
® The inverter no longer responds to the ON command.
e The inverter outputs Alarm A01795.

To switch on the motor you must repeat the procedure described above.
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Operation

6.8

6.8.1 Overview

Safe Direction (SDI)

What can you find in this Chapter?

6.8 Safe Direction (SDI)

The relevant operating cases for the SDI function are described in this chapter.

Table 6- 9

Response of the SDI function when the motor is switched on (ON/OFF1 = 1)

SDI

Selecting and deselecting

(Page 216)

- Selecting and deselecting SDI when the motor is switched on

signal

Discrepancy in the input

(Page 221)

The safety input to select SDI identifies an error.
- Response to a discrepancy when Safe Direction is active (SDI)

Limit value violation

The motor rotates in the monitored direction.
- Limit value violation when Safe Direction (SDI) is active (Page 223)

Table 6- 10  Switching the motor on and off when SDI is active or not active

Switching on the motor (ON/OFF1 =
0-1)

Switching off the motor (ON/OFF1,
OFF2 or OFF3 =1 - 0)

SDI is not active

If SDI is not active, then there are no restrictions for switching on and switching off

the motor.

SDI is active

If your application requires that SDI
always remains active, then you must
take into account several special issues
when switching on the motor.

— Switching on the motor when SDI is
active (Page 219).

The drive response depends on the
signal that you use to switch off the
motor.

- Switching off the motor when SDI is
active (Page 217)
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6.8 Safe Direction (SDI)
6.8.2 Selecting and deselecting SDI when the motor is switched on
Select SDI

Function

1. The higher-level control selects the SDI safety function via a safety input or via the
PROFIsafe safe communication.

2. The inverter limits the speed to the permitted direction of rotation. When SDI is selected,
if the motor rotates in the impermissible direction, then the inverter brakes the motor
down to standstill.

3. After the delay time has expired, the inverter monitors the selected direction of rotation of
the motor.

The inverter tolerates brief motion in the monitored direction of rotation up to an
adjustable angle of rotation of the motor shaft.

A
ON/OFF1
SDI+ deselect — I
Deselect SDI- - - 1 —
] T I "t
Speed 4 [ | | |
| | | |
| | |
I | | SDI -
[
A | »
e \ ' t
| - ~——
Deceleration | Deceleration |
| | | | |
A ;
SDI+ active | i | | ' |
| I [ | |
SDI- active [
] ] ]
LED SAFE | (1) | Yellow - flashes slowly | (1) | Yellow - flashes slowly | Yellow - on (1)
LED RDY Green - on

R

Figure 6-39 Time response of the safety function SDI (Safe direction)
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6.8 Safe Direction (SDI)

6.8.3 Switching off the motor when SDI is active

Description

If you switch off the motor with the SDI function active using the OFF1 or OFF3 command,
e.g. when reaching limit switches, the following happens:

1. The inverter brakes the motor with the OFF1 or OFF3 ramp-down time until the speed
reaches the standstill monitoring threshold.

2. Also while braking, the inverter monitors the direction of rotation.
You can set the behavior of the inverter after switching-off the motor in two different ways:

1. Feedback signal "SDI active" for pulse inhibit remains active
With this setting, the inverter safely switches off the motor torque when reaching the
standstill monitoring using the STO safety function. The inverter ensures that the motor
does not actively accelerate. The "SDI active" signal also remains at 1 for a motor that
has been switched off.

2. Feedback signal "SDI active" for pulse inhibit becomes inactive
With this setting the inverter inverter off the motor torque, but not safely. The system does
not safely prevent that the motor actively accelerates. Therefore, the inverter sets the
"SDI active" signal to 0 when the motor is switched off.

A
ON/OFF1 | ]

SDI + deselect 1 |

.;t
Speed“ | !
|
|
|
Standstill monitoring |
| .
|
A
SDI+ active | I
1
STO active l [
T

| "SDI active" remains active

LED SAFE | ON Yellow - flashes slowly

STO active "SDI active" becomes inactive

|

) |

SDI+ active | 1
| |

| |

LY L N N N
LED SAFE | ON Yellow - flashes slowly ON

LED RDY Green - on &

o

Figure 6-40 OFF1 command when the SDI safety function is active
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6.8 Safe Direction (SDI)

If you switch the motor off with the OFF2 command when the SDI safety function is active,
the inverter immediately switches off the motor. Depending on the selected setting, the
inverter immediately switches off the motor torque with the STO safety function.

A
ON/OFF1
OFF2 1
SDI + deselect 1 | >
t
Speed | !
4 | |
| | The motor coasts
I | / to a standstill
| | \
| | »
Laf
J SDI+ ‘ t
A
SDI+ active I T
. | !
STO active T |' "SDI active" remains active
U
LED SAFE | ON | Yellow - flashes slowly
| |
SDI+ active [ |
1 I
STO active | ' "SDI active" becomes inactive
L
LED SAFE | ON Yellow - flashes ON
slowly
LED RDY Green - on 2
"t

Figure 6-41 OFF2 command when the SDI safety function is active
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6.8 Safe Direction (SDI)

6.8.4 Switching on the motor when SDI is active

The procedure for switching on the motor depends on how you have set the SDI function.

The feedback signal "SDI active" for pulse inhibit becomes inactive

With this setting, the SDI function does not influence switching on the motor. SDI is active
when you switch on the motor.

A
ON/OFF1 ]

Deselect SDI+ |

B 4

Speed 4

Standstill
monitoring

SDI+

|
SDI+ active 1

STO active | |

igigiglgEgl
LED SAFE | Yellow - flashes Yellow - on Yellow - flashes
slowly slowly

LED RDY Green - on

.
»
t

Figure 6-42 Switching the motor off and on when SDI is active, interrupts the feedback signal from
SDI
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6.8 Safe Direction (SDI)

The feedback signal "SDI active" for pulse inhibit remains active

Procedure
|:>1 To switch the motor on, proceed as follows:
2
1. Select STO (or SS1).
2. Deselect STO (or SS1) again.
3. After deselecting STO, wait until the inverter is "ready to switch on".
Alternatively: After deselecting STO, wait a certain time before switching on. We
recommend a wait time of 200 ms.
4. Switch on motor within 5 s after deselecting STO (ON command).
A
ON/OFF1 ] !_ I _
SDI+ deselect ' ' ! i
Deselect STO [ | : : >
Speed A | | Ss | :
| ] |
| L |
| I | I
Standstill I | I |
monitoring T ! M ! o
: >,
| EEZ |
| | I |
A | | |
SDI+ active I 1 [ |
STO active ! ; ! !
Ready to switch on i—i *ll'—i
LED SAFE Yellow - flashes slowly
LED RDY Green - on .
“t
Figure 6-43  Switching the motor off and on when SDI is active
£ You have switched on the motor again.

You have not switched on the motor within 5 seconds

If you do not switch on the motor within 5 seconds after deselecting STO, the following
happens:

® The inverter goes back into the STO state.
® The inverter no longer responds to the ON command.
® The inverter outputs Alarm A01795.

To switch on the motor you must repeat the procedure described above.
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6.8 Safe Direction (SDI)

6.8.5 Response to a discrepancy when Safe Direction is active (SDI)

Drive response

The inverter responds with the active SDI safety function to a discrepancy at the safety input.

A
ON/OFF1
"Standard" acknowledge 1
|
Fail-safe |
acknowledgment [
Fail-safe input to select i 1 | —
SD' = $ | |
: i »
Discrepancy, e.g. Lo
cable break
Speed 4 : |
! bl
| Lo
[ b
| |
[ SDI - :
—| - e T t
Tolerance time I (I
A discrepancy | L
SDI - active : | |
T [ -
1 | | |
LED SAFE Yellow - on Yellow - flashes slowly I Yellow - on
| |
LED RDY Green - on Red - flashes quickly Green - on e
»
t

Figure 6-44 Behavior of the inverter for discrepancy of the input signal for SDI (SDI - as example )

The inverter does not set the error bit of the safety functions (= internal event).

After the tolerance time has expired, the inverter signals the discrepancy (Alarm C01770 or
C30770). The SDI function remains active, and the motor remains switched on.

Independent of the voltage levels available, the inverter sets the evaluation of the discrepant
F-DI into the safe state (=zero) until you acknowledge the inverter using a fail-safe signal or
using a power-on reset.
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6.8 Safe Direction (SDI)

Deselecting SDI after a discrepancy

Procedure
|:>1 To deselect SDI, proceed as follows:
2 1. Remove the discrepancy.
2. Acknowledge the discrepancy message with the fail-safe acknowledge signal via a safety
input: F-DI=0->1 - 0.
Alternatively, you can acknowledge the message in one of the following ways. However,
the drive stops in these cases:
— Select the STO function and then deselect again: F-DI =1 -0 - 1.
— Select the SS1 function and then deselect again: F-DI =1 -0 - 1.
— Switch off the inverter supply voltage and on again (power on reset).
3. Acknowledge the inverter with the "standard" acknowledge signal.
O You have acknowledged the discrepancy message and deselected SDI.
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6.8 Safe Direction (SDI)

6.8.6 Limit value violation when Safe Direction (SDI) is active

Drive response

When motion monitoring detects a fault when SDI is active, the inverter responds by
triggering a STOP A or STOP B. The inverter response is parameterized during
commissioning. The various STOP variants are described in the section Stop responses

(Page 227).
A
ON/OFF1 | | —
I
"Standard" acknowledge 1 .
1 ¥
|
Fail-safe = M .
acknowledgment : ; |
SDI - deselect I 1 »
| f 1 y »
Speed | | I |
Converter | | | I
SDI - identifies a fault |/
R il | l ] »
—— - T 4 |
Response can be set:
STOP A or STOP B |
A | |
SDI - active 1 1 | |
STO active i I
| |
Internal event |
| 1
' Yellow
LED SAFE Yellow - slow ! Yellow - flashes quickly | on
UL U™ Green
LED RDY Green - on Red - flashes quickly on

| .
"t

Figure 6-45 Limit value violation of safety function SDI. Example with STOP A as fault response
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6.8 Safe Direction (SDI)

Switching the motor on after an internal event

—>

224

1
2

Procedure

To switch the motor on after an internal event while SDI is active, proceed as follows:

1. Deselect the SDI function.
2. Issue an OFF1 command (ON/OFF1 = 0).

3. Acknowledge the internal event in one of the following ways:

Fail-safe acknowledgment using PROFIsafe control word 0, bit7=0-1-0
Fail-safe acknowledge signal via a safety input: F-DI =0 - 1 - 0.

Select the STO function and deselect again (PROFIsafe control word 0, bit O or F-DI).
1-0-1).

Select the SS1 function and deselect again (PROFIsafe control word 0, bit 1 or F-DI).
1-0-1).

Switch off the inverter supply voltage and on again (power on reset).

4. Acknowledge the inverter with the "standard" acknowledge signal.
5. Switch on the motor (ON/OFF1 = 1).

You have acknowledged the internal event and switched on the motor again.
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6.9 Response fo a discrepancy in the signals transferred via PROFlsafe

6.9 Response to a discrepancy in the signals transferred via PROFIsafe

Drive response

n F-CPU
\
\
| @ PROFINET / PROFlsafe »
R SRR e S L Gl Sy i "Standard"
E acknowledgment 1
|
7 N\ Fail-safe acknowl- |
edgment |
[ [E_zsw5 o . !
. -l afety input, e.g. || _ | )
@ F-DIO F-DI O || = H }
— | Telegram 900 | a | »
T — - | 1
— I E-DIf {} Tolerance time |
| ||l || discrepanc '
= ' 3 P! ¥ I
— 17 LED SAFE | Yellow - on [
F-DI2 I !
/ Green - UL UGreen -
LED RDY on Red - flashes rapidly on o
|
t

Figure 6-46 Behavior of the inverter in the event of a discrepancy in a safety input in PROFIsafe
telegram 900

The inverter does not set the error bit of the safety functions (= internal event).

After the tolerance time has expired, the inverter signals the discrepancy (fault C01770 or
C30770).

Independent of the voltage levels available, the inverter sets the evaluation of the discrepant
F-DI into the safe state (=zero) until you acknowledge the inverter using a fail-safe signal or
using a power-on reset.
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6.9 Response fo a discrepancy in the signals transferred via PROFlsafe

Acknowledging a discrepancy message

=

226

Procedure

To acknowledge the discrepancy message, proceed as follows:

1. Remove the discrepancy.

2. Acknowledge the discrepancy message in one of the following ways:

Selected setting

How can the internal event be acknowledged?

F-DI

PROFIsafe

Alternative

Extended Functions
via PROFlsafe

Select and deselect STO
(PROFlIsafe control word 1,
bit0=1-0-1)

or

Select and deselect SS1
(PROFlIsafe control word 1,
bit1=1-0-1)

or

Fail-safe acknowledgment
(PROFIsafe control word 1,
bit7=0-1-0)

Power on reset

Extended Functions
via PROFIsafe and

Basic Functions via
onboard terminals

Select and deselect
STO (F-DI =
1-0-1)

Select and deselect STO
(PROFIsafe control word 1,
bit0=1->0-1)

or

Select and deselect SS1
(PROFIsafe control word 1,
bit1=1-0-1)

or

Fail-safe acknowledgment
(PROFIsafe control word 1,
bit7=0-1-0)

Power on reset

3. Acknowledge the inverter with the "standard" acknowledge signal.

You have acknowledged the discrepancy message
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6.10 Sfop responses

6.10 Stop responses

Internal event

An "internal event" is a major fault that causes the inverter to bring the motor to a standstill
as quickly as possible by triggering a STOP reaction. For example, an "internal event" can
be caused by one of the following:

® The inverter detects an internal fault in its hardware or its firmware on the basis of a data
cross-check (F01611).

® The inverter identifies when a limit value is violated as a result of an inadmissible motor
speed (C01714).

An "internal event" can only be acknowledged using a fail-safe signal. See also: Fail-safe
acknowledgment signal (Page 232).

STOP A

For a STOP A, the inverter safely switches off the torque of the connected motor
immediately.

STOP B

For a STOP B, the inverter brakes the motor with the OFF3 ramp-down time until standstill is
detected. This is then followed by a STOP A.

If you operate the motor with torque control, then the inverter switches over the control mode
to speed control.

The inverter monitors the braking of the motor. The type of monitoring corresponds to the
monitoring mode of SS1, also see section Setting SS1 (Page 130).

With braking ramp monitoring With acceleration monitoring

Speed
@44;’

v

|
|
|
:
| sTopB | sToPA stors | stopa

Figure 6-47 Speed monitoring for a STOP B

If the motor does not follow the defined braking ramp, the inverter interrupts the braking of
the motor and responds with a STOP A.
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6.10 Sfop responses

STOP F

If a safety function is active V), a STOP F initiates a STOP A or STOP B:

e Fault FO1611 immediately initiates a STOP A.

® For message C01711, the inverter response depends on the active safety function:
— When STO is active, then the inverter initiates a STOP A.
— In all other cases, the inverter initiates a STOP B.

If none of the safety functions are active, then the inverter responds as follows:

e Fault FO1611 immediately initiates a STOP A.

e There is no immediate stop response for message C01711. However, the message is
kept. When selecting a safety function, the inverter responds with a stop as described
above.

) The SSM function is considered as active safety function if the SSM filter and the SSM
hysteresis have been enabled.
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6.10 Sfop responses

6.10.1 Example 1: Internal event with STO active

Drive response

A
ON/OFF1 l —
|
"Standard" acknowledge 1 .
Deselect STO | ] >
t

I
|
I Converter
identifies internal
I
.

I
|
I
| |
Speed* I |
| |
| |
| |

A
STO active

Internal event

|

|

i

I

1

LT LI L L UL
[

LED SAFE |Yellow - Yellow - slow I‘|"elll:|w - flashes quickly YFT'IIow -on
on
U
LED RDY Green - on Red - flashes quickly Green - on &

Tt
Figure 6-48 Internal event when the STO safety function is active

The inverter signals an internal event.

Switching the motor on after an internal event

Procedure
|:>1 To switch the motor on after an internal event, proceed as follows:
2 1. Deselect the STO function.
2. Issue an OFF1 command (ON/OFF1 = 0).
3. Acknowledge the inverter with the "standard" acknowledge signal.
4. Switch on the motor (ON/OFF1 = 1).
O You have acknowledged the internal event and switched on the motor again.
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6.10 Sfop responses

6.10.2 Example 2: Internal event with SSM active

Internal event when the motion monitoring function is active

If an active safety function with motion monitoring (SS1, SSL, SDI or SSM) is interrupted with
an internal event, the inverter responds with a STOP F.

A STOP F does not necessarily mean that the motor is stopped. See also: Stop responses
(Page 227).

The drive response

The motor behavior is explained using the SSM function and a STOP B with acceleration
monitoring as an example:

F'y
ON/OFF1 | |
|
"Standard" acknowledg- 1 i
ment l |
Fail-safe acknowledg- ! >
ment b t
Speed A o
SSM Inverter identifies an I SSM
Speed limit — internal fault I
I |
Ry |
I [ <1, o
| | | | |
| | (. |
| | | | |
| | | .y
T T L
| ' STOP B STOP A | t
A | ' STOP F |
Speed below the | | | |
limit value ] I 1 ; | :
SAM/SBR active | | L
STO active : 1
|
Internal event I '
f |
L,
LED SAFE Yellow - on | Yellow - flashes rapidly | Yellow - on
LUy
LED RDY Green - on Red - flashes rapidly Green - on

.
»
t

Figure 6-49 Response of the SSM safety function to an internal event
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6.10 Sfop responses

Switching the motor on after an internal event

Procedure

I:>1 To switch the motor in the example above on again, proceed as follows:
1. Issue an OFF1 command (ON/OFF1 = 0).

2. Acknowledge the internal event in one of the following ways:

2

Fail-safe acknowledgment using PROFIsafe control word 0, bit7=0-1-0
Fail-safe acknowledge signal via a safety input: F-DI =0 - 1 - 0.

Select the STO function and deselect again (PROFIsafe control word 0, bit O or F-DI).
1-0-1).

Select the SS1 function and deselect again (PROFIsafe control word 0, bit 1 or F-DI).
1-0-1).

Switch off the inverter supply voltage and on again (power on reset).

3. Acknowledge the inverter with the "standard" acknowledge signal.

4. Switch on the motor (ON/OFF1 = 1).
Also see section: Switching on the motor when SSM is active (Page 213).

O You have acknowledged the internal event and switched on the motor again.
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6.11 Fail-safe acknowledgment signal

6.11 Fail-safe acknowledgment signal

6.11.1 Acknowledging using a fail-safe signal

You must acknowledge the majority of safety function faults using a fail-safe signal. The
following options are available.

® Acknowledging using a safety input F-DI
® Acknowledging via PROFIsafe
e Acknowledging by selecting and deselecting STO

® Acknowledging by switching the power supply on and off

Acknowledging using a safety input F-DI

Procedure
|:>1 To acknowledge the inverter using a safety input F-DI, proceed as follows:
2 1. Acknowledge the fault with F-DI=0 - 1 - 0.
2. Then, acknowledge the inverter with the "standard" acknowledgement signal.
O You have acknowledged the inverter in a fail-safe fashion.

Acknowledging via PROFIsafe

Procedure
|:>1 To acknowledge the inverter via PROFIsafe, proceed as follows:
2 1. Acknowledge the fault with bit 7 of the control word 0: Bit 7=0-1 - 0.
2. Then, acknowledge the inverter with the "standard" acknowledgement signal.
O You have acknowledged the inverter in a fail-safe fashion.

Acknowledging by selecting and deselecting STO

Procedure
|:>1 To acknowledge the inverter by selecting and deselecting STO, proceed as follows:
2
1. Select the safety function STO or SS1 and then deselect again.

- F-DI=1-0-1
or

— PROFIsafe control word 1, bitOor1=1-0- 1
2. Then, acknowledge the inverter with the "standard" acknowledgement signal.

O You have acknowledged the inverter in a fail-safe fashion.
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6.11 Fail-safe acknowledgment signal

Acknowledging by switching the power supply on and off

You can acknowledge faults by temporarily switching off the power supply to the inverter and
then switching it on again (power on reset).

6.11.2 Response to a discrepancy of the fail-safe acknowledge signal

Drive response

A
"Standard" acknowledge 1

Fail-safe acknowledgment 1

Fail-safe input to select fail-safe [ | |
acknowledgment .

|
|
f
| [
"t
Discrepancy, e.g. |
cable break |
— |- I
Tolerance time |
discrepan
A HEER |Cy |
LED SAFE ' Yellow - on '
| |
LED RDY Green - on Red - flashes quickly Green - on o
»
t

Figure 6-50 Behavior of the inverter for discrepancy of the input signal for fail-safe acknowledgment

The inverter does not set the error bit of the safety functions (= internal event).

After the tolerance time has expired, the inverter signals the discrepancy (fault C01770 or
C30770).

Independent of the voltage levels available, the inverter sets the evaluation of the discrepant
F-DlI into the safe state (=zero) until you acknowledge the inverter using a fail-safe signal or
using a power-on reset.

Acknowledging a discrepancy message

=

o

Procedure

To acknowledge the discrepancy message, proceed as follows:

1. Remove the discrepancy.

2. Acknowledge the discrepancy message in one of the following ways:
— Select the STO function and then deselect again: F-DI =1 - 0 - 1.
— Select the SS1 function and then deselect again: F-DI =1 -0 - 1.
— Switch off the inverter supply voltage and on again (power on reset).

3. Acknowledge the inverter with the "standard" acknowledge signal.

You have acknowledged the discrepancy message

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
Function Manual, 04/2014, FW V4.7, ASE34261271B AA 233



Operation

6.12 Selecting safety function when a safety function is active

6.12 Selecting safety function when a safety function is active

The table below lists the notes regarding the behavior of your drive if you select more than
one safety function at the same time.

Some cases do not affect the behavior of your drive. If, for example, the safety function STO
is active, the motor torque remains switched off regardless of which inverter function you
also select.

Table 6- 11 Interaction between two safety functions

Select STO Select SS1 Select SLS Select SDI
STO is - No effect No effect No effect
active
SS1 is active See below - No effect No effect
SLS is active See below See below See below
SDl is active See below See below See below
SSM s See below See below See below See below
active
Select STO
A
DeselectSS1 1
|
Deselect STO } 1 »
bt}
Speed 4
' SAM
| Motor runs down
I to standstill
S$S1 is active | lg
| -
F 3 | | t
SS1 active [ |
SAM/SBR active  ——
STO active ' I
|
LED SAFE Yellow - on Yellow - flashes slowly
LED RDY Green - on
»
Example: SS1 with acceleration monitoring
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6. 12 Selecting safety function when a safety function is active

Select STO
A
DeselectSLS 1
|
Deselect STO | »
| | "t
Speed 4 I :
| SLS
Wl_,l..__wl— Motor runs down to
. . r [ standstill
SLS is active I |
1 1 l |;
| | :
A ) ,
SLS active | '
| |
STO active |
]
LED SAFE | Yellow - on Yellow - flashes slowly
LED RDY Green - on .
",
t
Select STO
F 3
DeselectSS1 1
|
Deselect STO | 1 »
- ! >
Speed ' I
P ‘:_,V\J_,-W[\ The motor coasts to a
| E & standstill
| | \
SDl is active . ';t
‘ SDI + |
A | I
SDI+ active [ 1 "SDI active" remains active
! -
. |
SDI+ active [ | "SDI active" becomes inactive
| 1
|
STO active | I
|
LED SAFE | Yellow - on Yellow - flashes slowly
LED RDY Green - on s
<t
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6.12 Selecting safety function when a safety function is active

Select STO

Deselect STO |

\ 4

Speed &

The motor
coaststo a

1
|
|
M\/ standstill
|
|
I
|
|
|
|
|
1
|
|
|

\

v

Speed below the
limit value

"SSM active" remains active

Speed below the

limit value "SSM active" becomes inactive
STO active
LED SAFE Lo
Yellow - on Yellow - flashes slowly
SSMis LED RDY Green - on .
Lt
active t
Example for speed < SSM monitoring speed
A
Deselect STO | | b
I 't
Speed & The motor
coasts down to
N\’-\’\’\I\JN/ & il
|
| \
4
A | t
Speed below the
limit value :
]
STO active [
|
LED SAFE LMoo
Yellow - on Yellow - flashes slowly
LED RDY Green - on L
"t

Example for speed > SSM monitoring speed
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6. 12 Selecting safety function when a safety function is active

SLS is active

Select SS1
A
DeselectSLS 1
Deselect SS1 ; 1 ”
[ ! ot
Speed 4 ! SLS SBR

Shutdown speed

y
SLS active

SS1 active

SAM/SBR active

STO active

LED SAFE

Yellow - on Yellow - flashes slowly

LED RDY |

Green - on

-y

Example: SS1 with braking ramp monitoring
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6.12 Selecting safety function when a safety function is active

Select SS1
A
SDI + deselect | |
|
Deselect SS1 1 >
| it
Speed A | SAM
SDl is active
Shutdown speed
>
t
A l |
SDI+ active [ I ] "SDI active" remains active
I | |
SDI+ active [ T | "SDI active" becomes
| | | inactive
|
SS1 active I
|
SAM/SBR active !
STO active |
|
. L rer
LED SAFE | Yellow - on Yellow - flashes slowly
LED RDY Green - on i
"t
Example: SS1 with acceleration monitoring SAM
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6. 12 Selecting safety function when a safety function is active

Select SS1

SSMis
active

A
Deselect SS$1 1

Speed 4

Shutdown speed

SSM

SBR

B 4

A
Speed below the

limit value

Speed below the

limit value

SS1 active

SAM/SBR active

STO active

LED SAFE

Yellow - on

Yellow - flashes slowly

>
t

"SSM active" remains active

"SSM active" becomes inactive

LED RDY

Green - on

.
>
t

Example: SS1 with brake ramp monitoring < SSM monitoring speed

Deselect SS1 | |

Speed 4

Shutdown speed

g

F 3
Speed below the

>
t

"SSM active" remains active

"SSM active" becomes inactive

limit value
Speed below the
limit value I ]
SS1 active T
SAM/SBR active I '
STO active |
|
- JuJUuUuUuUuUuUuUuUururngr
LED SAFE | Yellow - on Yellow - flashes slowly
LED RDY Green - on

|
Ll
t

Example: SS1 with brake ramp monitoring, speed < SSM monitoring speed
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6.12 Selecting safety function when a safety function is active

SDl is active

Select SLS
A

Deselect SDI+ 1

]
Deselect SLS . 1 | »

T 1 rt

Speed 4 : ' SLS
|

SDI + ot
|
A | L ]
SDI+ active |
] 1
SLS active | I 1
|
- Ui
LED SAFE [Yellow - on Yellow - flashes slowly
LED RDY Green - on L
"t
Select SLS
A
D lect SLS | 1 [ »
1 | "t
SSM
T 1
: 2L
|
active | !
| »
[ | Tt
' |
A |
Speed below the |
limit value I i
SLS active I |
| |
LMooy
LED SAFE Yellow - on Yellow - flashes slowly Yellow - on
LED RDY Green - on -
t
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6. 12 Selecting safety function when a safety function is active

Select SDI
F 3
Deselect SLS 1
I
Deselect SDI- ) 1 I »
T ] . rt
Speed A ' I I
I SLS
| | T
SLS is active - | |
b | SDI -
| " | — — - =
= 1 A
A | ' |
SDI- active ] | 1
SLS active I
|
LED SAFE | Yellow - on Yellow - flashes slowly
LED RDY Green - on -
t
Select SDI
A
Deselect SDI | 1 | »
1 1 "t
Speed A | |
SSM
{ |
| |
i I
SSMis : SDI -
active
e |-
T =t s e g
t
A I I |
Speed below the . ) ,
limit value I I [
SDI active . I 1
I I 6 |
LED SAFE Yellow - on Yellow - flashes slowly Yellow - on
LED RDY Green - on .
L
t
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6.13 List of alarms and faulfs

6.13 List of alarms and faults

Syntax for faults and alarms

F12345 Fault 12345
AB7890 Alarm 67890
C01700 Message 1700 for safety functions
These messages are either alarms or faults, see the following table.
The table in this manual only contains the alarms and faults of the safety functions. The

complete list of all alarms and faults of the inverter, detailed causes and remedial measures
can be found in the List Manual.

Signal Cause Remedy

Complete information on the messages is available in the List Manual.

F01600 STOP A initiated. 1. Select STO and then deselect again.
2. Ifit cannot be acknowledged, replace the Control Unit.

FO01611 Defect in a monitoring channel. The complete list of the fault values is provided in the List Manual.

More detailed information is provided | . Stop request from processor 2.

by fauit value r0949. 1...999: Fault in data cross-check between processor 1 and

processor 2.

Details and remedy: Please refer to the List Manual.

1000: Check (watchdog) timer has expired.

When selecting a safety function, the signal changed too frequently.

The inverter monitors the signal to select a safety function after a
signal change.

If the signal state continues to change in shorter intervals than
entered in p9650, after the time 5 x p9650 the inverter outputs fault
F1611:

p9650| [p9650| [p9650| [—>F1611
| ] L
|

Select safety
function

>
09650, |p9650| |p9650] |p9650| ¢
5+ p9650
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Operation

6.13 List of alarms and faults

Signal

Cause

Remedy

Complete information on the messages is available in the List Manual.

Remedy:
e Check the F-DI wiring (contact problems).

e Resolve the contact problems or faults at the PROFIBUS
master/PROFINET controller.

The inverter terminates the monitoring and does not signal any faults

if the signal state remains stable before the time 5 x p9650 expires,

longer than p9650:

1
Select safety T Eﬁg‘ : J

function

p9650| |p9650 !
<5+ p9650

1001, 1002: Initialization error, change timer/check timer.

Remedy: Power on reset2000: Status of the STO selection in the the
two monitoring channels is different.

See also: Response to a discrepancy when STO is active

(Page 170).2001: Checkback signal of the safe pulse suppression for
the two monitoring channels is different.

2002: Status of the delay timer SS1 in the two monitoring channels is

different.

See also: Response to a discrepancy when STO is active

(Page 170).

See also: Response to a discrepancy when SS1 is active

(Page 183).

2003: Status of the STO terminal at processor 1 and processor 2 is

different.Remedy for 2000, 2001, and 2003:

e Check the F-DI changeover tolerance time. Increase the value
(p9650).

e Check the F-DI wiring (contact problems).

e Check the causes of the STO selection in r9772.

6000: Internal software fault

e Power on reset

e Upgrade firmware to later version

o Replace Control Unit

6064: Target address and PROFIsafe address differ (F_Dest_Add).

e Check the value of the F_Dest_Add F-parameter in the inverter

e Check the PROFIsafe address at processor 1 (p9610) and
processor 2 (p9810).

6065: Target address invalid (F_Dest_Add).

e The target address must not be 0 or FFFF.

6066: Source address invalid (F_Source_Add).

e The source address must not be 0 or FFFF.

6067: Watchdog time value invalid (F_WD_Time).

e The watchdog time value must not be 0.

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
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6.13 List of alarms and faults

Signal Cause Remedy
Complete information on the messages is available in the List Manual.
6165: Fault in reception of the PROFIsafe telegram. This fault can
also arise if the inverter has received an inconsistent or out-of-date
PROFIsafe telegram after a power on reset or after the
PROFIBUS/PROFINET line has been connected.
e Check the configuration and communication in the inverter.
e Check the value of the F_WD_Time F-parameter in the inverter.
Increase the value.
6166: Time monitoring fault in reception of the PROFIsafe telegram.
e Check the configuration of the communication in the inverter.
e Check the setting of the F_WD_Time value in the inverter.
Increase the value.
e Evaluate the diagnostic information in the F host.
e Check the PROFIsafe connection.
A01620, Safe torque off active Not necessary.
F01620
A01621, Safe Stop 1 active Not necessary.
F01621
F01625 Sign-of-life error in the Safety data 1. Select STO, and then deselect again.
2. Ifit cannot be acknowledged, replace the Control Unit.
F01630 Brake control defective Depending on the fault value, check the following:
Fault value r0949 provides more 10, 11: p1278 * 0, brake not connected, cable interrupted or ground
detailed information. fault
20: Short-circuit in the brake winding
30, 31, 40: Brake not connected or a short-circuit in the brake
winding
50: Fault in the Safe Brake Relay, in the Control Unit or in the Power
Module.
A01631 Motor holding brake / SBC Check and correct the parameterization of the motor holding brake:
configuration does not make sense | The following settings can result in this message:
e p1215=0and p9602 = 1.
e p1215=3and p9602 = 1.
F01640, It has been identified that a See Section Corrective maintenance (Page 251).
F01641 component has been replaced,
acknowledgment/data save is
necessary
F01649 Internal software error 1. Switch off the Control Unit power supply and then on again.
2. Ifit cannot be acknowledged, replace the Control Unit.
F01650 Acceptance test required See Section Acceptance tests for the safety functions (Page 156).
F01651 Synchronization, safety time slices 1. Switch off the Control Unit power supply and then on again.
unsuccessful. 2. Ifit cannot be acknowledged, replace the Control Unit.
F01653 PROFIBUS configuration error Check the PROFIBUS configuration of the safety slot on the master

side and on the Control Unit.
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6.13 List of alarms and faults

Signal Cause Remedy
Complete information on the messages is available in the List Manual.
A01654 PROFIBUS configuration differs Check the PROFIsafe configuring in the higher-level control.
e Alarm value r2124 = 1:
In the higher-level F control, remove the PROFIsafe configuring,
or enable PROFIsafe in the drive.
e Alarm value r2124 = 2:
In the higher-level F control, configure the appropriate PROFIsafe
telegram.
F01655 Aligning the monitoring functions 1. Check that the control cabinet design and cable routing are in
compliance with EMC regulations.
2. Switch off the Control Unit power supply and then on again.
F01656 Motor Module parameter error 1. Recommission the safety functions.
2. If this is not successful, then replace the Control Unit.
F01658 PROFIsafe telegram number The PROFIsafe telegram number in p60022 is not suitable for the
unsuitable enabled safety functions.
Check the following:
e |f PROFIsafe is not enabled (p9601.3 = 0), PROFIsafe telegrams
must not be selected in p60022.
o If PROFIsafe is enabled (p9601.3 = 1), you must select a
PROFIsafe telegram in p60022.
o If transfer of the F-DI via PROFIsafe is selected (p9501.30 = 1),
you must select telegram 900 in p60022.
F01659 Write task for parameter rejected Check the setting of the safety functions.
You can find possible reasons for the message in the List Manual.
F01660 Safety functions not supported Use a Power Module that supports the safety functions.
F01661 Simulation of the safety inputs active | Exit the simulation of the digital inputs of the Control Unit for the F-DI
(p0795).
F01662 Error, internal communications 1. Switch off the Control Unit power supply and then on again.
2. Contact Technical Support if it cannot be acknowledged.
F01663 Copying the Sl parameters rejected | 1. Set p9700 = 0.
2. Check: p9501 * 0 and/or p9601 * 0.
If this is the case, then correct both parameters.
3. Start the copy function again by entering the corresponding value
into p9700.
F01665 System is defective 1. Switch off the Control Unit power supply and then on again.
2. Contact Technical Support if it cannot be acknowledged.
A01666, Static 1 signal at the F-DI for safe Set the signal at the F-DI to acknowledge the safety functions for a
F01666 acknowledgement logical 0 signal.
F01680 Checksum error safe monitoring 1. Check the safety-related parameters.

functions

2. Power on reset
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6.13 List of alarms and faults

Signal Cause Remedy
Complete information on the messages is available in the List Manual.
F01681 Incorrect parameter value Correct the parameter value:
Fault value (r0949) yyyyxxxx decimal, yyyy = supplementary
information, xxxx = parameter
F01682 Monitoring function not supported Deselect the monitoring function involved (p9501, p9601, p9801).
F01683 SLS enable missing 1. Enable the SLS function (p9501.0).
2. Save the setting (copy RAM to ROM).
3. Power on reset
F01690 Data backup problem involving the Please contact Technical Support.
NVRAM
F01692 Parameter value not permitted for 1. From r0949, read out the (decimal) parameter number with the
encoderless incorrect value.
2. Correct the parameter value of the checksums.
A01693, Safety parameter settings changed, | 1. Save the parameters so that they are protected against power
F01693 warm restart/POWER ON required. failure (RAM - ROM).
2. Switch off the Control Unit power supply and then on again.
A01696 Select the motion monitoring function | Deselect the forced dormant error detection of the extended
test when powering up functions and then select again.
A01697, Forced dormant error protection of Start the forced dormant error detection. The signal source to initiate
F01697 the extended functions is required this is parameterized in p9705.
A01698 Commissioning mode active Not necessary.
A01699 Forced dormant error protection of Deselect STO, and then select again.
the basic functions is required
C01700 STOP A initiated Generally, this fault is a consequence of C01701, C01706, C01714
(fault) or C01716.
C01701 STOP B initiated Generally, this fault is a consequence of C01706, C01714 or
(fault) C01716.
C01706 SAM/SBR limit exceeded 1. Check the motor braking response.
]Eala;:)r?)or 2. Adapt the tolerance for the parameterization of the "safe braking
au

ramp".
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6.13 List of alarms and faults

Safety Integrate

Function Manug

Signal Cause Remedy

Complete information on the messages is available in the List Manual.
Co1711 Defect in a monitoring channel The complete list of the r2124 fault values is provided in the List
(alarm)» Fault value r2124 provides more Manual.

detailed information.

d - SINAMICS G110M, G120, G120C, G120
I, 04/2014, FW V4.7, ASE34261271B AA

0 ... 2: Fault in data cross-check between processor 1 and
processor 2. Remedy: Please refer to the List Manual.

3: Difference of the position actual value (r9713) between the two
monitoring channels is greater than the tolerance in

p9542. See also Section: Setting the gear ratio and actual value
tolerance (Page 107).

4 ... 43: Fault in data cross-check between processor 1 and
processor 2. Remedy: Please refer to the List Manual.

44 ... 57: The tolerance value for the monitoring function differs
between the two monitoring

channels. See also Section: Setting the gear ratio and actual value
tolerance (Page 107).

58 ... 999: Fault in data cross-check between processor 1 and
processor 2. Remedy: Please refer to the List Manual.

1000: Check (watchdog) timer has expired.

e Too many signal changes at the F-DI

Remedy:

e Check the F-DI wiring (contact problems).

1001: Initialization error of the check timer.

o Remedy: Power on reset

e Upgrade inverter firmware

1005: Pulses already canceled for test stop selection.

1011: Acceptance test status between the monitoring channels differ.

o Diagnostics in the List Manual under r9571.

1020: Cyclic communication failure between the monitoring
channels.

o Remedy: Power on reset
o Replace the Control Unit or the inverter.
1040: Pulses in active encoderless monitoring functions canceled.

o Deselect the active safety function.
Select and then deselect STO.

e When the SLS monitoring function is active, you must switch on
the motor within 5 s of deselecting STO.

1041: Current value too low for encoderless actual value acquisition.
e Reduce the minimum current (p9588).
1042: Current or voltage plausibility error.
e Increase the ramp-up and ramp-down time (p1120/p1121).
e Check whether the current and speed control settings are correct
(torque-forming, field-forming current and
actual speed value must not fluctuate).
e Reduce the dynamic response of the setpoint.
e Increase the minimum current (p9588).
¢ Maintain an adequate wait time before switching on the motor,
also see:
D and SIMATIC ET 200pro FC-2 ] ,
— Switching on the motor when SLS is active (Page 201)
— Switching on the motor when SSM is active (Page 213)
— Switching on the motor when SDI is active (Page 219)
1043: Too many acceleration processes.

¢ Increase the voltage tolerance (p9589).



Operation

6.13 List of alarms and faults

Signal Cause Remedy

Complete information on the messages is available in the List Manual.

C01712 Defect when processing F-10 1. Check the F-DI wiring.
(alarm) 2

. Check the setting of the safety functions.
3. Perform an acceptance test.

C01714 Safely limited speed exceeded 1. Check the speed setpoint received from the higher-level control.
(alarm) ! 2. Check the SLS limits.
C01716 Tolerance for safe direction of motion | Check the tolerance setting for the SDI function.
(fault) exceeded
C01770 Discrepancy error of the safety inputs | Check the F-DI wiring.
(fault) or outputs.
A01772 Test stop safety inputs/outputs The alarm automatically disappears after successfully ending or
active. canceling (error) the forced dormant error detection (test stop).
F01773 Test stop error 1. Check the wiring of the safety output.
2. Start the forced dormant error detection.
A01774 Test stop required The time to carry out the forced dormant error detection (test stop)
has expired (p10003).
Start the forced dormant error detection of the safety output.
A01795 Wait time after exiting safe pulse The wait time of 5 seconds has expired, and the motor was not
suppression expired switched on. See also the sections:
e Switching on the motor when SLS is active (Page 201)
¢ Switching on the motor when SSM is active (Page 213)
e Switching on the motor when SDI is active (Page 219)
A01796 Waiting for communication e Check the operating state of the F host.
e Check the communication connection to the F host.
C01798 Test stop running Not necessary. The inverter withdraws the message after the forced
(alarm) dormant error detection has been completed.
C01799 Acceptance test mode active Not necessary. The inverter withdraws the message after the end of
(alarm) the acceptance test mode.
F30600 STOP A initiated. 1. Select STO.

More detailed information is provided |5 pagelect STO.

by fault value r0949 ) .
3. If it cannot be acknowledged, replace the Control Unit.

F30611 Defect in a monitoring channel. Fault values and remedies are described under fault FO1611.
More detailed information is provided
by fault value r0949.

A30620, Safe torque off active Not necessary.
F30620
A30621, Safe Stop 1 active Not necessary.
F30621

F30625 Sign-of-life error in the Safety data 1. Select STO.
2. Deselect STO.
3. If it cannot be acknowledged, replace the Control Unit.
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6.13 List of alarms and faults

Signal Cause Remedy
Complete information on the messages is available in the List Manual.
F30630 Brake control defective 1. Check the following:
- p1278=0.
— Motor holding brake connection
— Motor holding brake function
— EMC-compliant control cabinet design and cable routing
2. Select STO, and then deselect again.
F30631
F30649 Internal software error 1. Switch off the Control Unit power supply and then on again.
2. Contact Technical Support if it cannot be acknowledged.
F30650 Acceptance test required See Section Acceptance tests for the safety functions (Page 156).
F30651 Synchronization with Control Unit 1. Switch off the Control Unit power supply and then on again.
unsuccessful. 2. Contact Technical Support if it cannot be acknowledged.
F30655 Aligning the monitoring functions 1. Check that the control cabinet design and cable routing are in
compliance with EMC regulations.
2. Switch off the Control Unit power supply and then on again.
F30656 Motor Module parameter error 1. Recommission the safety functions.
2. If this is not successful, then replace the Control Unit.
F30659 Write task for parameter rejected Check the following:
e Password
o Only restore factory settings with the safety functions inhibited
F30662 Error, internal communications 1. Switch off the Control Unit power supply and then on again.
2. Contact Technical Support if it cannot be acknowledged.
F30664 Fault during power-up Power on reset. Contact Technical Support if it cannot be
acknowledged.
F30665 System is defective 1. Switch off the Control Unit power supply and then on again.
2. Ifit cannot be acknowledged, replace the Control Unit.
A30666, Static 1 signal at the F-DI for safe Set the F-Dl input to a 0 signal for acknowledging the safety
F30666 acknowledgement functions.
F30672 Control Unit software incompatible The Control Unit being used does not support the safety functions.
Use the appropriate Control Unit.
F30680 Checksum error safe monitoring 1. Check the setting of the safety functions.
functions 2. Switch off the Control Unit power supply and then on again.
F30681 Incorrect parameter value Correct the parameter value:
Fault value (r0949) yyyyxxxx decimal, yyyy = supplementary
information, xxxx = parameter
F30682 Monitoring function not supported Deselect the monitoring function involved (p9501, p9601, p9801).
F30683 SLS enable missing 1. Enable the SLS function (p9501.0).

2. Save the setting (copy RAM to ROM).
3. Switch off the Control Unit power supply and then on again.
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6.13 List of alarms and faults

Signal Cause Remedy

Complete information on the messages is available in the List Manual.
F30692 Parameter value incorrect for Correct the parameter value.

encoderless
A30693, Safety parameter settings changed, 1. Save the settings so that they are protected against power failure
F30693 warm restart/POWER ON required. (RAM - ROM).

2. Switch off the Control Unit power supply and then on again.
C30700 STOP A initiated Generally, this fault is a consequence of C30701, C30706, C30714
(fault) or C30716.
C30701 STOP B initiated Generally, this fault is a consequence of C30706, C30714 or
(fault) C30716.
C30706 SAM/SBR limit exceeded 1. Check the motor braking response.
(alarm or 2. Adapt the tolerance for the parameterization of the "safe braking
fault) » ramp"
p".

C30711 Defect in a monitoring channel. Diagnostics for the fault values and remedies are described under
(alarm) ™| Faylt value r2124 provides more message CO1711.

detailed information.
C30712 Defect when processing F-10 1. Check the F-DI wiring.
(alarm) ¥ 2. Check the setting of the safety functions.

3. Perform an acceptance test.

C30714 Safely limited speed exceeded 1. Check the speed setpoint received from the higher-level control.
(alarm) Y 2. Check the SLS limits.
C30716 Tolerance for safe direction of motion | Check the tolerance for the "SDI" function.
(fault) exceeded
30730
C30770 Discrepancy error of the safety inputs | Check the F-DI wiring.
(fault) or outputs.
C30798 Test stop running Not necessary. The inverter withdraws the message after the forced
(alarm) dormant error detection has been completed.
C30799 Acceptance test mode active Not necessary. The inverter withdraws the message after the end of
(alarm) the acceptance test mode.
) If the safety functions of the inverter have been enabled, then this alarm initiates a STOP response and an inverter fault.
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Corrective maintenance 7

71 Maintaining operational safety

Responsibility for operational safety

As company operating plants or machines or as supplier of plants and machines with safety-
related equipment, you are responsible for the operational safety of your plant or machine.
As a consequence, you are obliged to continually inform yourself about the products used.

/\WARNING

Risk of death by using incorrect components in safety-related plants and systems
Disregarding current product developments and features can result in an increased risk of
accidents in safety-related plants and machines.

e Register to receive the appropriate newsletters on these topics.

e If necessary, modify your plant or machine so that the requirements of the safety
functions are always complied with.

Registering to receive the newsletter

Procedure
|:>1 Proceed as follows to register to receive a newsletter for inverters with integrated safety
2 technology:

1. In the Internet, open the following page: Siemens automation technology
(www.automation.siemens.com).

2. On this page, open the "Support" folder.
3. In the "Support" folder, select the "Newsletter" link.
4. Select "Login" and log in with your access data.
If you have still not registered, then select "Register" and enter your access data.

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

6. Under "Product support", open the "Safety technology - Safety Integrated" folder.
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7. As a minimum, select the "Drive technology" Newsletter.

Product Support

# B4 prive Technology

# B4 Automation Technology

# B4 Building Technology

=] ﬁ Safety systems - Safety Integrated

Drive technology
24 Safety Integrated at SIMATIC
B4 safety Integrated at SIMOTION
| Safety Integrated at SINUMERIK
54 communication
B4 Industrial Controls

# B4 Industries
8. You can select additional Newsletters if you so desire.
9. Save your settings by pressing the appropriate button.
O You have registered to receive the Newsletter for inverters with integrated safety technology.
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7.2 Replacing components of the modular SINAMICS G120/G120D/G110M inverters

7.2 Replacing components of the modular SINAMICS
G120/G120D/G110M inverters

7.21 Overview of replacing converter components

Permissible replacement of components

In the event of a long-term function fault, you must replace the Power Module or Control
Unit. The inverter's Power Module and Control Unit can be replaced independently of each

other.
Replacing the Power Module Replacing the Control Unit
Replacement: Replacement: Replacement: Replacement:
e Same type e Same type e Same type e Same type
e Same power rating e Same frame size e Same firmware version e higherfirmware version
o Higherpower rating (e.g. replace FW V4.2 by
FW V4.3)

y kW > xkW Firmware A Firmware A Firmware A > Firmware B

.

Power Module and motor must be | After replacing the Control Unit, you must restore the
adapted to one another (ratio of | inverter's settings.

motor and Power Module rated
power > 1/8)

AWARNING

Risk of injury due to uncontrolled drive motion

Replacing inverters of different types can result in uncontrolled motion of the drive.

¢ In all cases that are not permitted according to the table above, recommission the drive
after replacing an inverter.
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7.2 Replacing components of the modular SINAMICS G120/G120D/G110M inverters

Special issue relating to communication via PROFINET: Device replacement without removable data

storage medium

254

The inverter supports the PROFINET functionality, replacing the device without data storage
medium.

Precondition

The topology of the PROFINET 10 system with the IO device involved is configured in your
higher-level control system.

Replacing the device

The Control Unit can be replaced without having to insert a removable data storage medium
(e.g. a memory card) with the saved device names in the inverter — or having to reassign the
device names with a PG.

Details of the device replacement without removable storage medium can be found in the
PROFINET system description
(http://support.automation.siemens.com/\WW/view/en/19292127).
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7.2 Replacing components of the modular SINAMICS G120/G120D/G110M inverters

7.2.2 Replacing a Control Unit with enabled safety function

Replacing a Control Unit with data backup on a memory card

Precondition

You have a memory card with the actual settings of the Control unit to be replaced.

If you use a memory card with firmware, after the replacement, you obtain a precise copy
(firmware and settings) of the replaced Control Unit.

Procedure
|:>1 To replace the Control Unit, proceed as follows:

1.

o w0

© ® N o

Disconnect the line voltage to the Power Module and (if installed) the external 24 V
supply or the voltage for the digital outputs of the Control Unit.

Remove the signal cables from the Control Unit.
Remove the defective Control Unit.
Remove the memory card from the old Control Unit and insert it in the new Control Unit.

Mount the new Control Unit on the Power Module. The new Control Unit must have the
same order number and the same or higher firmware version as the Control Unit that was
replaced.

Reconnect the signal cables of the Control Unit.
Connect up the line voltage again.
The inverter loads the settings from the memory card.
Check what the inverter reports after loading.
— Alarm A01028:
The loaded settings are not compatible with the inverter.
Clear the alarm with p0971 = 1 and recommission the drive.
— Fault FO1641:
Acknowledge the message.

Carry out a reduced acceptance test; see Section: Reduced acceptance test after
component replacement (Page 266).

O You have replaced the Control Unit and transferred the safety function settings from the
memory card to the new Control Unit.
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7.2 Replacing components of the modular SINAMICS G120/G120D/G110M inverters

Replacing a Control Unit with data backup in the PC

—>

256

Precondition

You have backed up the actual settings of the Control Unit to be replaced to a PC using
STARTER.

Procedure

To replace the Control Unit, proceed as follows:

1. Disconnect the line voltage to the Power Module and (if installed) the external 24 V
supply or the voltage for the digital outputs of the Control Unit.

Remove the signal cables of the Control Unit.
Remove the defective Control Unit.

Mount the new Control Unit on the Power Module.
Reconnect the signal cables of the Control Unit.
Connect up the line voltage again.

Open the right project for the drive in STARTER.

© N o g bk~ w0 DN

Go online and transfer the settings from the PC to the inverter by pressing the &l button.
The inverter signals faults after the download. Ignore these faults, as they will be
automatically acknowledged by the following steps.

9. In STARTER, select the screen form for the safety functions.
10.Select the "Change settings" button.

11.Select the "Activate settings" button.

12.Save your settings (copy RAM to ROM).

13.Switch off the inverter power supply.

14.Wait until all LEDs on the inverter go dark.

15.Switch on the inverter power supply again (power on reset).

16.Perform a reduced acceptance test, see the section Reduced acceptance test after
component replacement (Page 266).

You have replaced the Control Unit and transferred the safety function settings from the PC
to the new Control Unit.
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7.2 Replacing components of the modular SINAMICS G120/G120D/G110M inverters

Replacing the Control Unit with data backup in the operator Panel

—>

Precondition

You have backed up the actual settings of the Control Unit to be replaced to an operator
panel.

Procedure

To replace the Control Unit, proceed as follows:

1. Disconnect the line voltage to the Power Module and (if installed) the external 24 V
supply or the voltage for the digital outputs of the Control Unit.

Remove the signal cables of the Control Unit.
Remove the defective Control Unit.

Mount the new Control Unit on the Power Module.
Reconnect the signal cables of the Control Unit.

Connect up the line voltage again.

N o ok~ w N

Plug the Operator Panel into the Control Unit or connect the Operator Panel handheld
device with the inverter.

8. Transfer the settings from the Operator Panel to the inverter.
9. Wait until the transfer is complete.
10.After loading, check whether the inverter outputs alarm A01028.
— Alarm A01028:
The loaded settings are not compatible with the inverter.
Clear the alarm with p0971 = 1 and recommission the drive.
— No alarm A01028: Proceed with the next step.
11.Switch off the inverter power supply.
12.Wait until all LEDs on the inverter go dark.
13.Switch on the inverter power supply again (power on reset).

The inverter reports the faults F01641, F01650, FO1680 and F30680. Ignore these faults,
as they will be automatically acknowledged by the following steps.

14.Set p0010 to 95.

15.Set p9761 to the safety password.

16.Set p9701 to AC hex.

17.Set p0010 to 0.

18.Back up the settings so they are powerfail proof.
— BOP-2 in the menu "EXTRAS" - "RAM-ROM".
— IOP in the menu "SAVE RAM TO ROM".

19.Switch off the inverter power supply.

20.Wait until all LEDs on the inverter go dark.
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7.2 Replacing components of the modular SINAMICS G120/G120D/G110M inverters

21.Switch on the inverter power supply again (power on reset).

22.Perform a reduced acceptance test, see the section Reduced acceptance test after

component replacement (Page 266).

O You have replaced the Control Unit and transferred the safety function settings from the
operator panel to the new Control Unit.

7.2.3 Replacing the Control Unit without data backup

If you do not backup the settings, then you must recommission the drive after replacing the
Control Unit.

Procedure
|:>1 To replace the Control Unit without backed-up settings, proceed as follows:

1.

S S S R

Disconnect the line voltage to the Power Module and (if installed) the external 24 V
supply or the voltage for the digital outputs of the Control Unit.

Remove the signal cables of the Control Unit.
Remove the defective Control Unit.

Mount the new Control Unit on the Power Module.
Reconnect the signal cables of the Control Unit.
Connect up the line voltage again.

Recommission the drive.

O The Control Unit replacement has been completed after the drive has been successfully
commissioned.
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7.2 Replacing components of the modular SINAMICS G120/G120D/G110M inverters

724 Replacing a Power Module with enabled safety function

/\DANGER

Danger from touching energized Power Module connections

After switching off the mains voltage, it will take up to 5 minutes until the capacitors in the
Power Module are sufficiently discharged for the residual voltage to be safe. Death or
serious injury will result if energized parts are touched.

Check the safe isolation of the Power Module connections before carrying out
installation work.

NOTICE

Material damage from swapping the motor's connection lines

The direction in which the motor rotates switches if you swap the two phases of the motor
line. A motor running backwards may damage the machine or installation.

Connect the three phases of the motor lines in the right order.
After replacing the Power Module, check the direction in which the motor rotates.

Procedure
|:>1 To replace the Power Module, proceed as follows:

1.

© ® N o g bk~ 0D

Switch off the main voltage of the Power Module.
You can leave any external 24 V supply to the Control Unit switched on.

Remove the connecting cables of the Power Module.

Remove the Control Unit from the Power Module.

Replace the Power Module.

Mount the Control Unit onto the new Power Module.

Connect up the new Power Module using the connecting cables.

Switch on the line supply and, if necessary, the 24 V supply for the Control Unit.
The inverter reports F01641.

Perform a reduced acceptance test, see the Section Reduced acceptance test after
component replacement (Page 266).

You have successfully replaced the Power Module.
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7.3

converters

7.3.1

Overview of how to replace an inverter

You must replace the inverter if it continually malfunctions.

Overview

In the following cases you will need to replace the inverter:

Replacing SINAMICS G120C inverters or SIMATIC ET 200pro FC-2

Replacement:
e Same fieldbus interface
e Same power rating

e Same firmware version

Replacement:
e Same fieldbus interface
e Same power rating

e Higherfirmware version
(e.g. replace FW V4.2 by
FW V4.3)

Replacement:

e Same fieldbus interface
e Same frame size

e Higherpower rating

e Same firmware version

Replacement:

e Same fieldbus interface
e Same frame size

o Higherpower rating

e higherfirmware version
(e.g. replace FW V4.2 by
FW V4.3)

x kW
Firmware A =

x kW
Firmware A 75

x kW
Firmware B =5
B>A

x kW
Firmware A 75

y kW
Firmware A &

x kW
Firmware A 75

y kW
Firmware B =

y > X
B>A

x kW
Firmware A 75

inverter and motor must be adapted to one another (ratio of
the motor and inverter rated power > 1/8)

After you have carried out the replacement, you must restore the inverter's settings.

AWARNING

Risk of injury due to uncontrolled drive motion

Replacing inverters of different types can result in uncontrolled motion of the drive.
¢ |n all cases that are not permitted according to the table above, recommission the drive

after replacing an inverter.
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Special issue relating to communication via PROFINET: Device replacement without removable data
storage medium

The inverter supports the PROFINET functionality, replacing the device without data storage
medium.

Precondition

The topology of the PROFINET 10 system with the IO device involved is configured in your
higher-level control system.

Replacing the device

The inverter can be replaced without having to insert a removable data storage medium (e.g.
a memory card) with the saved device names in the inverter — or having to reassign the
device names with a PG.

Details of the device replacement without removable storage medium can be found in the
PROFINET system description
(http://support.automation.siemens.com/WW/view/en/19292127).

7.3.2 Replacing a converter with enabled safety function

/\DANGER

Risk of fatal injury when touching energized Power Module connections

After the power supply has been switched off, it takes up to 5 min. until the capacitors in the
inverter have discharged so that the remaining voltage is at a non-hazardous level. Death
or serious injury can result when live parts are touched.

e Check that the inverter connections are in a no-voltage condition before you carry out
any installation work.

NOTICE

Material damage caused by interchanging the motor connecting cables

The direction in which the motor rotates changes if you interchange the two phases of the
motor cable. A motor running backwards may damage the machine or installation.

e Connect the three phases of the motor cables in the correct sequence.
e After replacing the Power Module, check the direction in which the motor rotates.
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Replacing an inverter with data backup on a memory card

—>

262

1
2

Procedure

To replace the inverter, proceed as follows:

1.

N o ok~ w DN

©

Disconnect the line voltage to the inverter and (if installed) the external 24 V supply or the
voltage for the digital outputs of the inverter.

Remove the connecting cables of the inverter.

Remove the defective inverter.

Install the new inverter.

Remove the memory card from the old inverter, and insert this into the new inverter.
Connect all of the cables to the inverter.

Reconnect the line voltage, and (if being used) the external 24 V supply or the voltage for
the digital outputs of the inverter.

The inverter loads the settings from the memory card.

9. After loading, check whether the inverter outputs Alarm A01028.

— Alarm A01028:
The loaded settings are not compatible with the inverter.
Clear the alarm with p0971 = 1 and recommission the drive.
— No alarm A01028:

Carry out a reduced acceptance test; see Section: Reduced acceptance test after
component replacement (Page 266).

You have replaced the inverter and transferred the safety function settings from the memory
card to the new inverter.
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7.3 Replacing SINAMICS G120C inverters or SIMATIC ET 200pro FC-2 converters

Replacing an inverter with data backup in the PC

—>

1
2

Procedure
To replace the inverter, proceed as follows:

1. Disconnect the line voltage to the inverter and (if installed) the external 24 V supply or the
voltage for the digital outputs of the inverter.

Remove the connecting cables of the inverter.
Remove the defective inverter.
Install the new inverter.

Connect all of the cables to the inverter.

o gk~ w0 N

Reconnect the line voltage, and (if being used) the external 24 V supply or the voltage for
the digital outputs of the inverter.

Open the right project for the drive in STARTER.

N

8. Go online and transfer the settings from the PC into the inverter by pressing the hd
button.
The inverter signals faults after the download. Ignore these faults, as they will be
automatically acknowledged by the following steps.

9. In STARTER, select the screen form for the safety functions.
10.Select the "Change settings" button.

11.Select the "Activate settings" button.

12.Save your settings (copy RAM to ROM).

13.Switch off the inverter power supply.

14.Wait until all LEDs on the inverter are dark.

15.Switch on the inverter power supply again (power on reset).

16.Perform a reduced acceptance test, see the section Reduced acceptance test after
component replacement (Page 266).

You have replaced the inverter and transferred the safety function settings from the PC to
the new inverter.
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Replacing the inverter with data backup in the operator panel (BOP-2 or IOP)

Procedure
|:>1 To replace the inverter, proceed as follows:

2

1.

o gk~ w N

~

Disconnect the line voltage to the inverter and (if installed) the external 24 V supply or the
voltage for the digital outputs of the inverter.

Remove the connecting cables of the inverter.
Remove the defective inverter.

Install the new inverter.

Connect all of the cables to the inverter.

Reconnect the line voltage, and (if being used) the external 24 V supply or the voltage for
the digital outputs of the inverter.

Attach the operator panel to the inverter.

8. Transfer the settings from the operator panel to the inverter, e.g. via menu "EXTRAS" -

"FROM BOP" in the BOP-2.
Wait until the transfer is complete.

The inverter signals faults after the download. Ignore these faults, as they will be
automatically acknowledged by the following steps.

10.Switch off the inverter power supply.

11.Wait until all LEDs on the inverter are dark.

12.Switch on the inverter power supply again (power on reset).

13.Perform a reduced acceptance test, see the section Reduced acceptance test after

component replacement (Page 266).

O You have replaced the inverter and transferred the safety function settings from the operator
panel to the new inverter.
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7.3 Replacing SINAMICS G120C inverters or SIMATIC ET 200pro FC-2 converters

7.3.3 Replacing a converter without data backup

If the settings have not been backed up, after replacing the inverter, you must recommission
the drive.

Procedure
|:>1 To replace the inverter, proceed as follows:

1.

o g r w DN

7.

Disconnect the line voltage to the inverter and (if installed) the external 24 V supply or the
voltage for the digital outputs of the inverter.

Remove the connecting cables of the inverter.
Remove the defective inverter.

Install the new inverter.

Connect all of the cables to the inverter.

Reconnect the line voltage, and (if being used) the external 24 V supply or the voltage for
the digital outputs of the inverter.

Recommission the drive.

O Inverter commissioning has been completed after it has been commissioned.

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
Function Manual, 04/2014, FW V4.7, ASE34261271B AA 265



Corrective mainfenance

7.4 Reduced acceptance test after component replacement

7.4 Reduced acceptance test after component replacement

After a component has been replaced or the firmware updated, a reduced acceptance test of

266

the safety functions must be performed.

Table 7- 1

Reduced acceptance test after component replacement

Measure

Acceptance test

Documentation

Replacing the Control Unit or the
inverter with an identical type

Replacing a Power Module with an
identical type

Replacing the motor with an
identical pole pair number

Replacing the gearbox with an
identical ratio

An acceptance test for the
safety functions is not
required.

Only check the motor's
direction of rotation.

e Supplement inverter data
e Log the new checksum

e Countersignature

Supplement the hardware version
in the inverter data.

No change.

Replacing the Safe Brake Relay

Check the SBC function.

Supplement the hardware version
in the inverter data.

Replacing the safety-related
peripherals (e.g. Emergency Stop
switch).

Check the control of the
safety functions affected by
the components that have
been replaced.

No change.

Inverter firmware update.

An acceptance test for the
safety functions is not
required.

Check as to whether the
firmware update was
successful and the inverter
functions as expected.

e Supplement firmware version
in the inverter data

e Log the new checksum

e Countersignature

See also Section: Acceptance tests for the safety functions (Page 156).
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System properties

8.1 Probability of failure of the safety functions (PFH value)
The specified probability of failure values apply under the following preconditions:
® The service life of the inverter has not expired.

® The test interval has not expired.

Service life
You may not operate inverters with integrated safety functions for longer than 20 years. The
20 years starts when the device is delivered. The service life cannot be extended. This is the
case even if a service department checks the inverter — or in the meantime, the inverter was
decommissioned.

Test interval

You must test the safety-related circuits of the inverter at least once every year. This process
is called "forced dormant error detection" or "test stop".

Information on the procedure can be found in Section: Regularly testing the safety functions
(Page 161).

Probability of failure

Table 8- 1 Probability of failure of the safety functions

Safety function PFH, PFHp " PFD 2
STO, SBC 3, SS1, SLS, SDI, SSM 5x10-% 1/h 5x10-3

" PFH, PFHob: Probability of dangerous failures per hour.
PFH according to IEC 61800-5-2, PFHp according to IEC 62061.

2 PFD: For a low demand rate of the safety function: Mean probability of dangerous failure when the
safety function is demanded according to IEC 61508.

3 Including Safe Brake Relay

The machine manufacturer must specify a probability of failure in the form of a PFH value for
every safety function of a machine.
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8.1 Probability of failure of the safety functions (PFH value)
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The integrated inverter safety functions are only ever part of a complete machine safety
function. A complete safety function comprises the following components, for example:

® A dual-channel sensor for detecting an open protective door.
® A central fail-safe controller for processing the sensor signal further.
e An inverter for safely stopping (SS1) a motor if a protective door is opened.

IEC 62061 explains how to calculate the PFHb value for the complete safety function from
the PFHb values of the components used for the safety function.

We provide a free tool in the Internet to calculate the PFHp value of a complete machine:
Safety Evaluation Tool (www.siemens.com/safety-evaluation-tool).

Application examples for the probability of failure PFH and PFD are available in the Internet:
Application example (http://support.automation.siemens.com/WW/view/en/76254308).
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System properties
8.2 Response times

8.2 Response times

Response times after selection

When selecting the Safe Torque Off (STO) function, the motor is safely in a no-torque
condition after the response time. If, at the instant that STO is selected, the motor is
stationary, then after the response time, the motor is also in a safe state.

For all other functions, which are active after selection, the relationship between the
response time and safe state of the motor is not always clear:

e SS1 of the basic functions: The motor is only in a safe state after the safety-related timer
has expired and at standstill. In practice, after selection, the response time in comparison
to the safety-related timer can be neglected.

e SS1 of the extended functions: The motor is only in a safe state when at standstill. When
SS1 is selected, the inverter brakes the motor after the response time. Although the
inverter monitors braking, the time until the motor comes to a standstill depends on the
application itself, and from a non-safety-related parameter. Consequentially, in practice
the response time after selection is not relevant.

e SLS and SDI: The motor is only in a safe state with the feedback signal "SLS is active" or
"SDl is active". The time from selecting the function until the motor reaches a safe state
depends on the application itself, and from a non-safety-related parameter.
Consequentially, in practice the response time after selection is not relevant.

After selection, the response time is only relevant for the application for the STO function
and is only specified for STO.
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8.2 Response times

Response times of the STO function after selection.

The response times depend on the following conditions:

e Safety function setting
— Basic function
— Extended function
e PROFIBUS or PROFINET

® Selected via safety input or PROFIsafe

The response times in the tables below apply from the point at which the safety input signal
changes or the PROFIsafe telegram is received.

The "worst case values" in the tables mean the following:

Worst case for a fault-free
inverter:

Worst case for an inverter fault:

The response time is less than or equal to the specified
value. The response time is valid for fault causes outside
the inverter itself, e.g.:

¢ Incorrect setpoint input from the higher-level control
system

e Speed has violated the limit value
The response time is less than or equal to the specified

value. The response time is valid for fault causes inside the
inverter itself, e.g.:

o Fault/error in a switch-off signal path
¢ Microprocessor error

Response times of the STO function when selected via PROFIsafe

Table 8- 2 Response times of the STO basic function

Worst case for a fault-free inverter Worst case for an inverter fault

PROFIBUS

14 ms

PROFINET

14 ms + bus cycle time

Table 8- 3 Response times of the STO extended function

Worst case for a fault-free inverter Worst case for an inverter fault
PROFIBUS 54 ms 56 ms
PROFINET 54 ms + bus cycle time 56 ms + bus cycle time

Bus cycle time: Time for a cyclic data exchange via PROFINET.
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8.2 Response times

Response times of the STO function when selected via a safety input

Table 8- 4

STO response times

Worst case for a fault-free inverter Worst case for an inverter fault

STO basic function

dms+tE" 6ms+tE"

STO extended function

50ms+t E" 52ms+t E"

1)

When debounce time > 0: t_E = debounce time + 3 ms

If debounce time =0:t_E =4 ms

Depending on how you set the STO safety function, you can find a description of the debounce
time in one of the following sections:

e STO as a basic function: Setting the filter for safety inputs (Page 94).

e STO as an extended function: Setting the filter for safety inputs (Page 113).

Response time after PROFIsafe communication interruption

If the PROFIsafe telegram does not appear before the end of the PROFIsafe monitoring time
F_WD_Time, the inverter responds as follows:

The inverter signals one of the following faults:
— Fault FO1611 (basic functions have been enabled)
— Message C01711 (extended functions have been enabled)

The inverter receives monitoring time F_WD_Time from the fail-safe controller (F-CPU).
See also the section Configuring PROFIBUS communication with telegram 30 via GSD
(Page 78).

The inverter selects the STO function.

Response times when limit values are violated

Table 8- 5 Time until the response is initiated
Function Response Worst case for a fault-free Worst case when a fault
drive system exists

SS1 STOP A 67 ms 2 113 ms 2

SLS STOP A or STOP B

SDI STOP A or STOP B

2) | If you switch on the motor when a safety function is active, the inverter detects a limit value
violation at the earliest after the "delay time actual value acquisition" has expired, also refer to
Section: Setting encoderless actual value sensing (Page 109).
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8.2 Response times

Signal change into the "Status SSM"

Function Response Worst case for a fault-free Worst case when a fault
drive system exists
SSM Signal change into the 67 ms 3 113 ms 3
"Status SSM"

3) | If you switch on the motor when a safety function is active, the inverter signals the correct status
at the earliest after the "Delay time actual value acquisition" has expired, also refer to Section:
Setting encoderless actual value sensing (Page 109).
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8.3 Certification

8.3 Certification

Certifications
The safety functions of the inverter fulfill the following requirements:
e (Category 3 and Performance Level (PL) d according to EN ISO 13849-1:2006
e Safety integrity level 2 (SIL 2) to IEC 61508

e EC declaration of conformity

EC type-examination certificate and manufacturer declaration

The safety functions integrated in the drive are certified by a test institute for each of the
firmware versions that have been released. With the EC type-examination certificate, the test
institute confirms that the safety functions comply with the requirements as laid down in

EN ISO 13849-1 and IEC 61508.

We provide a manufacturer's declaration for the transition period from releasing a firmware
version up to the test institute issuing an EC type-examination certificate. The manufacturer
declaration confirms that the safety functions are in conformance with the appropriate

standards.
Procedure
I:>1 Proceed as follows, to load the certificates relevant for Safety Integrated from the Internet:
2

1. In the Internet, open the following page: Certificates
(http://support.automation.siemens.com/\WW/view/en/36426537/134200)

2. Filter according to Certificate type "Functional safety/machine safety".
3. Select the certificate according to the inverter order number.

— There is an EC type-examination certificate and a manufacturer declaration for each
inverter family.

— Each certificate includes lists with the associated firmware and hardware.
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8.3 Certification
SINAMICS G G Perfor Ci ters
[ Product ls[. [ Entry ist.
Filter settings:
Entry type: Certificates -
Certificate Type: |Functional Safety/Safety of r.lnc_\:‘ Certificate: al -
Approval office:  [a1 ;} v al |
Search item(s): { @
Title Date
Certificates Functional Safety/Safety of Machinery, Manufacturer 2013-09-24
. asin nnon +1Ronae
0. \
for products: 65L3255-0BT01-0PAD
Certificates Functional Safety/Safety of Machinery, Type Examination 2013-03-28
Certificate, TUV (technischer Uberwachungsverain) 10: 63849049
Certificate of Origin, Z10 12 06 59719 007
for products: 6SL3210-1PE11-8AL0; 65L3210-1PE11-8AL1; 6SL32 more>>
Certificates Functional Safety/Safety of Machinery, Type Examination 2013-03-26
Certificate, TUV (technischer Uberwachungsverain) 10z 66812830
Certificate of origin SIL 2, 2101206597 19005
for products: 65L3244-0BB12-1BAD; 65L3244-0BB12-1BA1; 65L32 more>>
Certificates Functional Safety/Safety of Machinery, SiL-Declaration of 2013-03-22
conformity, Manufacturer 10z 63704540
Manufacturer's Declaration
for products: 6SL3210-1PE11-8AL0; 65L3210-1PE11-8UL0; 6SL32 more>>
[ You have loaded certificates relevant for Safety Integrated from the Internet.

EC Declaration of Conformity

According to Annex IV of the machinery directive, drives equipped with Safety Integrated are
defined as "Logic units for safety functions" and therefore as a safety component. The
machinery directive specifies that safety components should be handled just like machines.
As a consequence, safety components require a CE marking.

As machine builder, you must provide documentation that you create for the CE marking of
the machine, together with the EC Declaration of Conformity for the products that have been
installed.

The current EC Declarations of Conformity for the inverter are available in the Internet:

EC Declaration of Conformity
(http://support.automation.siemens.com/WW/view/en/67385845)
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8.4 Safe Brake Relay

Technical data of the Safe Brake Relay

8.4 Safe Brake Relay

Technical data Property

Supply voltage 20.4t028.8V DC
We recommend that you use a power supply with a minimum rated
voltage of 26 V in order to compensate for voltage drops along the
brake cable.

Current drawn at 24 V DC 0.05 A + the current drawn by the motor brake

Maximum current 2A

Conductor cross section, 2.5 mm?2

max.

Dimensions (W x H x D)

69 mm x 63 mm x 33 mm

Weight

approx. 0.17 kg

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2

Function Manual, 04/2014, FW V4.7, ASE34261271B AA

275



System properties

8.4 Safe Brake Relay
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A.1 Examples of acceptance tests

For the acceptance test, check whether the safety functions in the inverter have been set
correctly. The following acceptance tests are examples which demonstrate the basic
procedure. They are not suitable for every possible setting of the inverter.

Recommendations for the acceptance test

e Perform the acceptance test with the maximum possible velocity and acceleration to test
the expected maximum braking distances and braking times.

e The trace function in the STARTER PC tool can simplify the acceptance test in certain
applications: for example, if a drive in the machine is difficult to access. Therefore, we
recommend that you use the trace function for some acceptance tests.

e [f you have recorded a trace for an acceptance test, you have to proceed as follows:
— When you save the trace, enter the storage location in the acceptance report.
— If you print the trace, append the printout to the acceptance report.

e |f you can carry out the acceptance test without the trace function, there is no need to use
this tool.

e Alarm A01697:

These alarms are issued following each system startup and are not critical for
acceptance.

After the acceptance test of the inverter's safety functions, you must also check whether the
safety-related functions in the machine or system are functioning correctly. See also
Acceptance test (Page 156).

Acceptance support by the STARTER application

The "Safety Acceptance Test" application guides you semi-automatically through the
acceptance test of the safety functions. The application logs its settings as an Excel file.

Application acceptance test
(http://support.automation.siemens.com/\WW/view/en/73102423).
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A1.1
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Figure A-1  Acceptance test for STO (basic functions)
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A.1 Examples of acceptance tests

Procedure
|:>1 To perform an acceptance test of the STO function as part of the basic functions, proceed as
2 follows:

Status

1. | The inverter is ready

e The inverter signals neither faults nor alarms of the safety functions (r0945]0...7],
r2122[0...7]).

e STO is not active (r9773.1 = 0).

2. | Switch on motor

2.1. | Enter a speed setpoint * 0.

2.2. | Switch on the motor (ON command).

2.3. | Check that the correct motor is running.
3. | Select STO
3.1. | Select STO while the motor is running

Test each configured activation, e.g. via digital inputs and PROFIsafe.
3.2. | Check the following:

When controlled by PROFIsafe For control via terminal

e The inverter signals the e The inverter signals the following:
following: "STO Selection via terminal”
"STO selection via PROFIsafe" (r9772.17 = 1)
(r9772.20 = 1)

e |f a mechanical brake is not available, the motor coasts down.
A mechanical brake brakes the motor and holds it to ensure that it remains
at a standstill.

e The inverter signals neither faults nor alarms of the safety functions
(r0945]0...7], r2122[0...7]).

e The inverter signals the following:
"STO is selected" (r9773.0 = 1).
"STO is active" (r9773.1 = 1).

4. | Deselect STO

4.1. | Deselect STO.

4.2. | Check the following:

e STOis not active (r9773.1 = 0).

e The inverter signals neither faults nor alarms of the safety functions
(r0945]0...7], r2122[0...7]).

O You have performed the acceptance test of the STO function.
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A1.2 Acceptance test STO (extended functions)
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R

Figure A-2  Acceptance test for STO (Extended functions)
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A.1 Examples of acceptance tests

Procedure
|:>1 To perform an acceptance test of the STO function as part of the extended functions,
2 proceed as follows:

Status

1. | The inverter is ready

e The inverter signals neither faults nor alarms of the safety functions
(r0945]0...7], r2122[0...7]).

e STO is not active (r9722.0 = 0).

2. | Switch on motor

2.1. | Enter a speed setpoint * 0.

2.2. | Switch on the motor (ON command).

2.3. | Check that the correct motor is running.

3. | Select STO

3.1. | Select STO while the motor is running.

3.2. | Check the following:

¢ If a mechanical brake is not available, the motor coasts down.

A mechanical brake brakes the motor and holds it to ensure that it
remains at a standstill.

e The inverter signals neither faults nor alarms of the safety functions
(r0945]0...71], r2122[0...7]).

e The inverter signals the following: "STO is active" (r9722.0 = 1).
4. | Deselect STO

4.1. | Deselect STO.

4.2. | Check the following:

e STO is not active (r9722.0 = 0).

e The inverter signals neither faults nor alarms of the safety functions
(r0945]0...71], r2122[0...7]).

O You have performed the acceptance test of the STO function.

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
Function Manual, 04/2014, FW V4.7, ASE34261271B AA 281



Appendix

A. 1 Examples of acceptance tests

A.1.3
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SS1 acceptance test for basic functions
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A.1 Examples of acceptance tests

Procedure
|::> 1 To perform the acceptance test of the SS1 function, proceed as follows:
2
Status
1. | The inverter is ready
Check the following:
e The inverter signals neither faults nor alarms of the safety functions
(r0945[0...7], r2122[0...7]).
e SS1is not active (r9773.6 = 0).
2. | Switch on motor
2.1. | Enter a speed setpoint # 0.
2.2. | Switch on the motor (ON command).
2.3. | Check that the correct motor is running.
3. | Select SS1
3.1. | Select SS1 while the motor is switched on.
Test each configured activation, e.q. via digital inputs and PROFlsafe.
3.2. | In your machine, check the following:
e The motor brakes on the OFF3 ramp.
e SS1is active (r9773.6 = 1).
o After the p9652 time has expired, the inverter signals: "STO is active"
(r9773.1 =1).
4. | Deselect SS1
4.1. | Deselect SS1.
4.2. | Check the following:
e SS1is notactive (r9773.6 = 0).
e The inverter signals neither faults nor alarms of the safety functions
(r0945[0...7], r2122[0...7]).
C You have completed the acceptance test of the SS1 function.
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A1.4 SS1 acceptance test (extended functions)

The two diagrams show the recommended steps to take during the acceptance test. The
behavior of the drive differs according to the settings you have made for SS1:

e Diagram 1: After SS1 has been selected, the inverter monitors the speed using braking
ramp monitoring.

e Diagram 2: After SS1 has been selected, the inverter monitors the speed using the
acceleration monitoring.
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Deselect SS1
r9720.1

~Y

Spindle speed 4

Ll

@ orF @ ON |@ ssiselected |@) SS1deselected
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i i 9582
Diagnostics . pIoos,

SS51 active
r9722.1
STO active
r9722.0

'-'n-‘r

1

LED LML
SAFE Yellow - on Flashing slowly ON

RDY Green - On

~¥

Figure A-4  Diagram 1 - acceptance test SS1 with braking ramp monitoring
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Figure A-5  Diagram 2 - acceptance test for SS1 with acceleration monitoring
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Procedure
|::> 1 To perform the acceptance test of the SS1 function, proceed as follows:
2
Status
1. | The inverter is ready
e The inverter signals neither faults nor alarms of the safety functions
(r0945[0...7], r2122[0...7]).
e SS1is not active (r9722.1 = 0).
Go online with the STARTER and configure the following trace:
e Trigger on variable - bit pattern (r9720.1 = 0)
e Record the following values: r9714[0], r9714[1], r9722
Display the bits r9722.0/.1
e Select the time interval and pretrigger so you can recognize the selection
of SS1 and the transition into the subsequent STO state.
e Start the trace.
2. | Switch on motor
2.1. | Enter a speed setpoint * 0.
2.2. | Switch on the motor (ON command).
2.3. | Check that the correct motor is running.
3. | Select SS1
3.1. | Select SS1 while the motor is switched on.
Test each configured activation, e.g. via digital inputs and PROF/safe.
3.2. | Check: The inverter signals neither faults nor alarms of the safety
functions (r0945][0...7], r2122[0...7]).
3.3. | Analyze the trace.
e SS1is active after selecting SS1 (r9722.1 = 1).
e The motor brakes on the OFF3 ramp.
e STO becomes active if the velocity drops below the shutdown
velocity p9560 (r9722.0 = 1).
e The recorded curves of r9714[0] and r9714[1] are approximately
parallel.
4. | Deselect SS1
4.1. | Deselect SS1.
4.2. | Check the following:
e SS1is not active (r9722.1 = 0).
e The inverter signals neither faults nor alarms of the safety functions
(r0945[0...7], r2122[0...7]).
O You have completed the acceptance test of the SS1 function.
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Example of a trace

A.1 Examples of acceptance tests

197231 i

19723.0

® 0 06

ro7201
ro71401] |
P = e o e e

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
Function Manual, 04/2014, FW V4.7, ASE34261271B AA

SS1 is selected
SS1 is active

Speed: The motor
brakes on the OFF3
ramp.

Monitoring the speed
when braking

STO is active

287



Appendix

A. 1 Examples of acceptance tests

A.1.5
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A.1 Examples of acceptance tests

Procedure
|:>1 To perform the acceptance test of the SBC function, proceed as follows:
2
Status
1. | The inverter is ready
e The inverter signals neither faults nor alarms of the safety functions
(r0945[0...7], r2122[0...7]).
e SBC is not active (r9773.4 = 0).
2. | Switch on motor
2.1. | Enter a speed setpoint # 0.
2.2. | Switch on the motor (ON command).
2.3. | Check that the correct motor is running.
2.4. | Enter a speed setpoint = 0.
3. | Select SBC
3.1. | Select the STO function or the SS1 function.
3.2. | Check: The inverter signals "SBC is active" (r9773.4 = 1).
4. |inverter is ready
4.1. | Deselect STO.
4.2. | Check the following:
e The inverter signals "SBC is not active" (r9773.4 = 0).
e The inverter signals neither faults nor alarms of the safety
functions (r0945[0...7], r2122[0...7]).
O You have performed the acceptance test of the SBC function.
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A.1.6 Acceptance test SLS

The two diagrams show the recommended steps to take during the acceptance test. The
behavior of the drive differs according to the settings you have made for SLS :

e Diagram 1: If the speed is excessively high, the drive responds with a STOP A.
® Diagram 2: If the speed is excessively high, the drive responds with a STOP B.
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Figure A-7  Diagram 1 - acceptance test for SLS with stop reaction STOP A
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Procedure
|:>1 To perform the acceptance test of the SLS function, proceed as follows:

Status

If you are using multiple SLS levels, repeat the test for each of the SLS levels.

1. | The inverter is ready

Check the following:

e The inverter signals neither faults nor alarms of the safety functions (r0945[0...7],
r2122[0...71).

e SLSis not active (r9722.4 = Q).

Go online with the STARTER and configure the following trace:

e Trigger on variable - bit pattern (r9722.7 = 0)

e Record the following values: r9714[0], r9714[1], r9722
Display the bits r9722.0/.4/.7/.9/.10

e Select the time interval and pretrigger so you can recognize when the active SLS
limit has been exceeded and the subsequent drive responses.

2. | Switch on motor

2.1. | Enter a speed setpoint > SLS level.
2.2. | Select SLS with the SLS level to be tested.
2.3. | Activate the acceptance mode:

el S35 35 3 333 3 S S SSSK
[E5M] |*TLTRLTshvhwNwNwNY

\ Tirne bit for
Safe motion direction \ acceplance mode

(500

—— L?_,
1B) \

WARNING
Machine motion hazard

In the following test, speed limitation of the SLS function is deactivated. The
increased motor speed can lead to material damage or physical injury.

e For this test, secure dangerous machine parts using barriers, for example.

2.4. | Switch on the motor within 5 seconds after selecting SLS (ON command).

If you wait longer than 5 seconds for the ON command, then STO is activated.
In this case, deselect SLS and then select it again.
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A.1 Examples of acceptance tests

Status
2.5. | Check that the correct motor is running.
The following tests depend on how you have set the SLS function during
commissioning.:
First diagram: Second diagram:
The inverter responds with STOP A in | The inverter responds with STOP B in
the event of a limit violation. the event of a limit violation.
2.6. | The inverter signals the following: The inverter signals the following:
e (C01714 and C30714 (safe velocity | ¢ C01714 and C30714 (safe velocity
limit exceeded) limit exceeded)
e (C01700 and C30700 (STOP A e (C01701 and C30701 (STOP B
initiated) initiated)
e (C01700 and C30700 (STOP A
initiated)
2.7. | Analyze the trace.
o After SLS is selected, the inverter signals "SLS is active" (r9722.4 = 1).
e The inverter signals the selected SLS level (r9722.9 and r9722.10).
o |fr9714[0] exceeds the active SLS limit, the inverter signals an internal event
(r9722.7 = 0).
STOP A in the event of a limit value STOP B in the event of a limit value
violation violation
e |fr9714[0] exceeds the active SLS |e If r9714[0] exceeds the active SLS
limit, the motor coasts down to a limit, the motor brakes on the OFF3
standstill (r9722.0 = 1). ramp (r9722.1 = 1).
e After braking, STO is active
(r9722.0 = 1).
3. | Deselect SLS
3.1. | Deselect SLS.
3.2. | Check: SLS is not active (r9722.4 = 0).
3.3. | Acknowledge the messages for the safety functions.
O You have performed the acceptance test of the SLS function.
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A. 1 Examples of acceptance tests

Example of a trace (STOP B in the event of a limit violation)

177

" ; | ; ; i ; ; i ' (@ SLSisactive
i 90229 @ Speed: The motor

. ' 5 : accelerates to the active
01972210 ; SLS level
| 7224 \® § (@ The speed exceeds the
0] r9722"7 § active SLS level
§ @ Speed: STOP B is active -
b : § the motor brakes on the
| ro72241 OFF3 ramp
1 § : (® Monitoring the speed when
5l 1972200 i braking
i ® STO as a consequence of
0 : : E STOP B being active
17 ' ‘ :
.| ro720i9 HJJJ :
| 1972040 |

5| r9720:4
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AA1.7 SSM acceptance test

The two diagrams show the recommended steps to take during the acceptance test. It differs
depending on the settings you have made for SSM:

e Diagram 1: The "speed below limit value" checkback signal remains active when the
motor is switched off.

e Diagram 2: The "speed below limit value" checkback signal becomes inactive when the
motor is switched off.

The diagrams show the setting "SSM without hysteresis" as an example.

Gating‘

ON/OFF1

p0840 | l

Deselect STO I |
r9720.0 ! J

200 ms_]__ ]
s

~Y

‘.
|
Speed A I
‘n Switched on ‘g ON
|
1
|
!
|
|

3] OFF1

Setpoint

|

|

t

|

Zero speed !
detection 1
T

[

|

|

|

|

\

Dlagnostlcsh

Speed below the limit
value
r9722.15

STO active

r9722.0 ]

Yellow - flashes Yellow - on Yellow - flashes slowly
SAFE slowly

RDY Green - on

~¥

Figure A-9  Diagram 1 - acceptance test SSM with active feedback signal when the motor is switched off
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Control

ON/OFF1
p0840

T

Speed A

Setpoint

Stationary state
detection

Diagnostics

~Y

3] OFF1

Speed below the limit
value
r9722.15

A

A4
=,

|
1
|
‘n Ready for operation ‘a ON
|
|
|
|
|
|
|
|
[

]
|

STO active
r9722.0

LED
SAFE

RDY

Yellow - on

Green - on

~¥

Figure A-10 Diagram 2 - acceptance test SSM with inactive feedback signal when the motor is switched off
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O

Procedure

A.1 Examples of acceptance tests

To perform the acceptance test of the SSM function, proceed as follows:

Status

1. | The inverter is ready

e Check: The inverter signals neither faults nor alarms of the safety functions
(r0945]0...7], r2122[0...7]).

Go online with the STARTER and configure the following trace:
e Trigger on variable - bit pattern (r9722.15 = 0)
¢ Record the following values: r0899, r9714[0], r9722

Display the following bits:

r0899.11
r9722.15

e Select the time interval and pretrigger so you can recognize when the level exceeds
the SSM limit and subsequently falls below it again.

2. | Switch on motor

2.1. | Specify a speed setpoint which is above the SSM limit.

2.2. | The following procedure depends on how you have set the SSM function during
commissioning:
Upper diagram: Lower diagram:
The "speed below limit value"” checkback | The "speed below limit value”
signal remains active when the motor is checkback signal becomes inactive
swifched off. when the moftor is switched off.
2.2.1. | Select STO. Switch on the motor (ON
2.2.2. | Deselect STO again. command).
2.2.3. | Switch on motor within 5 s of

deselecting STO (ON command).
2.3. | Check that the correct motor is running.
2.4. | Wait until the motor speed reaches the setpoint.

3. | Switch off the motor

3.1.

Switch off the motor (OFF1 command).

3.2.

Analyze the trace:

o |f r9714[0] > velocity limit p9346, r9722.15 = 0 applies.

SSM without hysteresis:

o If r9714[0] < velocity limit p9546,
r9722.15 = 1 applies.

SSM with hysteresis:

o [fr9714[0] < velocity limit p9546
- hysteresis p9547,
r9722.15 = 1 applies.

The "speed below limit value" checkback
signal remains active when the mofor is
swifched off:

e [If the motor is switched off
(r0899.11 = 0), then r9722.15 =1
applies.

The "speed below limit value”
checkback signal becomes inactive
when the mofor is swifched off:

e [f the motor is switched off
(r0899.11 = 0), then r9722.15 =
0 applies.

You have completed the acceptance test of the SSM function.

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
Function Manual, 04/2014, FW V4.7, ASE34261271B AA

297



Appendix
A. 1 Examples of acceptance tests

Example of a trace

@ Speed: The motor
accelerates

® Speed above the
limit value

® Speed below the
limit value

1972215

|p9346

el S LN || CHRODUE SOOMOS WOUOD FRNOONS, S . |, 1

r9714[0]
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A.1 Examples of acceptance tests

A.1.8 Acceptance test SDI

The acceptance test for SDI+ and SDI- is separately described in the following. If you use
the SDI function in both directions of rotation, you must carry out both acceptance tests.

SDI can be set with the STOP A and STOP B stop responses. The following diagrams only
show the case with the stop response STOP A. The different response of the drive,
depending on the stop response set is described in the following tables.

Acceptance test for SDI positive

Control

SDI+ deselect
r9720.12

A

The two diagrams show the recommended steps to take during the acceptance test. The
acceptance test differs depending on how you have set SDI:

e Diagram 1: The "SDI active" feedback signal remains active when the motor is switched
off.

e Diagram 2: The "SDI active" feedback signal becomes inactive when the motor is
switched off.

ON / OFF1
p0840

Fail-safe acknowl-
edgment

' '|
I
I

Acknowledge
p2103

Speed A

Setpoint

Diagnostics

iR /

|
I | | I_I
|

motor limitation B Acknowledge

‘n Ready la Switch on ‘a Deactivate ‘n Test limit value
|

SDI+ active
r9722.12

A

v

STO active
r9722.0

Internal event
ra9722.7

i ——

LED
SAFE

RDY

I I
|

Yellow Ly LI L
On Flashing slowly , Flashing rapidly . Slowly

Green ULUUULUIUUIIY Green

On Flashing rapidly On e
L

t

Figure A-11 Diagram 1 - acceptance for SDI+, "SDI active" remains active when the motor is switched off
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Control

SDI+ deselect
r9720.12

A

ON/OFF1
p0840

Fail-safe acknowl-
edgment

M

Acknowledge

p2103

Speed A

i 4

|
|
|
1

Switched

On

Switch on
motor

Deactivate
limitation

Test the limit
value

Acknowledge

Setpoint

_/—‘—-l\

Diagnostics‘

SDI+ active
r9722.12

SDI

v

T
|
||
]
|
|
|

STO active
r9722.0

Internal event

r9722.7

LED
SAFE

Yellow
On

Flashing slowly |

Flashing rapidly ,  slow

RDY

Green

On

UL Green
Flashing rapidly On »
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Figure A-12 Diagram 2 - acceptance for SDI+, "SDI active" becomes inactive when the motor is switched off
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A.1 Examples of acceptance tests

Procedure
|:>1 To perform the acceptance test of the SDI function for the positive direction of rotation,
2 proceed as follows:

Status

1. | The inverter is ready

Check the following:

e The inverter signals neither faults nor alarms of the safety functions (r0945[0...7],
r2122[0...71).

e SDI+ is not active (r9722.12 = 0).
Go online with the STARTER and configure the following trace:

e Trigger on variable - bit pattern (r9722.7 = 0).
e Record the following values: r9713[0], r9722
Display the bits r9722.0/.1/.7/.12

e Select the time interval and pretrigger so you can recognize when the SDI tolerance
has been exceeded and the subsequent drive responses.

2. | Switch on motor

2.1. | Enter a positive speed setpoint.

2.2. | Select SDI+ so that only positive speeds are permitted.

2.3. | The next steps depend on how you have set the SD/ function during

commissioning:

First diagram: Second diagram:

The "SDI active” feedback signal The "SDI active"” feedback signal
remains active when the motor is becomes inactive when the mofor is
switched off. switched off.

Switch on motor within 5 seconds Switch on the motor (ON command).

after deselecting SDI (ON command).

If you wait longer than 6 seconds for
the ON command, then STO is
activated. In this case, deselect SD/
and then select it again.

2.4. | Check that the correct motor is rotating in the expected direction.
3. | Deactivate the setpoint limitation for the acceptance test

Activate the Acceptance mode:

Safe speed mondoring .. 2ix|
[ESH) A SN

\ Tirne bit for
Safe motion direction acceplance mode
(5D1) \ -

S — L?_,
®)

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
Function Manual, 04/2014, FW V4.7, ASE34261271B AA 301



Appendix

A. 1 Examples of acceptance tests

Status
4. | Test the set limit value
4.1. | Enter a negative speed setpoint.
4.2. | The following test depends on how you have set the SDI function during
commissioning.
STOP A in the event of a limit value | STOP B in the event of a limit value
violation violation
e The inverter signals the following: | e The inverter signals the following:
— C01716 and C30716 — C01716 and C30716 (tolerance
(tolerance for safe direction of for safe direction of motion
motion exceeded) exceeded)
— C01700 and C30700 (STOP A — C01701 and C30701 (STOP B
initiated) initiated)
— C01700 and C30700 (STOP A
initiated)
4.3. | Analyze the trace:
e When SDI+ is selected, the inverter signals: SDI+ is active (r9722.12 = 1).
e [fr9713[0] > SDI tolerance, then the inverter signals an internal event
(r9722.7 = 0).
STOP A in the event of a limit value | STOP B in the event of a limit value
violation violation
e The motor coasts down to a e The inverter brakes the motor on the
standstill (r9722.0 = 1). OFF3 ramp (r9722.1 = 1).
e After braking, STO is active
(r9722.0 = 1).
5. | Acknowledge fault
5.1. | Deselect SDI+.
5.2. | Check: SDI+ is not active (r9722.12 = 0).
5.3. | Acknowledge the messages for the safety functions.
O You have completed the acceptance test of the SDI function for the positive direction of
rotation.
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Acceptance test for SDI negative

The two diagrams show the recommended steps to take during the acceptance test. The
acceptance test differs depending on how you have set SDI:

e Diagram 1: The "SDI active" feedback signal remains active when the motor is switched
off.

e Diagram 2: The "SDI active" feedback signal becomes inactive when the motor is
switched off.

Controlj

L

Deselect SDI-
r9720.13 | |
ON / OFF1 |
p0840 | 1!
[ [
[ [
T T
[ |
]
[

Fail-safe acknowl-
edgment

Acknowledge
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I
| |
B Acknowledge
: I
|
SDI ' /
N T

~Y

Speed A
‘n Ready !a Switch on ‘a Deactivate ‘n Test limit value

motor limitation

v

Setpoint

Dlagnostncsn

SDI- active

|
I
' |
|
I
!
I
| !
1972213 [
!
|
!
|
|

STO active
ra9722.0

Internal event
ra9722.7

l_l_l'
|

| [

I | I

Yellow Ly LTI L
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L

t
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Figure A-13 Diagram 1 - acceptance for SDI-, "SDI active" remains active when the motor is switched off
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Control
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Spindle speed A

iR /

(1]

Switched |a Switchon ‘B Deactivate limit ‘n Test limit value
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Figure A-14 Diagram 2 - acceptance for SDI-, "SDI active" becomes inactive when the motor is switched off
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Procedure
|:>1 To perform the acceptance test of the SDI function for the negative direction of rotation,
2 proceed as follows:

Status

1. | The inverter is ready

Check the following:
e SDI- is not active (r9722.13 = 0).

e The inverter signals neither faults nor alarms of the safety functions (r0945[0...7],
r2122[0...71).

Go online with the STARTER and configure the following trace:

e Trigger on variable - bit pattern (r9722.7 = 0).
e Record the following values: r9713[0], r9722
Display the bits r9722.0/.1/.7/.13

e Select the time interval and pretrigger so you can recognize when the SDI tolerance
has been exceeded and the subsequent drive responses.

2. | Switch on motor

2.1. | Enter a negative speed setpoint.

2.2. | Select SDI- so that only negative speeds are permitted.

2.3. | The next steps depend on what settings you made for SD/ during

commissioning:

First diagram: Second diagram:

The "SDI active"” feedback signal The "SDI active” feedback signal
remains active when the mofor is becomes inactive when the mofor is
switched off. switched off.

Switch on motor within 5 seconds after | Switch on the motor (ON command).
deselecting SDI (ON command).

If you wait longer than 6 seconds for
the ON command, then STO is
activated. In this case, deselect SD/
and then select it again.

2.4. | Check that the correct motor is rotating in the expected direction.

3. | Deactivate the setpoint limitation for the acceptance test

Activate the Acceptance mode:

Safe speed morstonng Acceptance mode

1SSM)

Safe motion direction
(501) \

| R

Acceptance mode

' & &~
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306

Status

4. | Test the set limit value

4.1. | Enter a positive speed setpoint.
4.2. | The following test depends on how you have set the SDI function during
commissioning:
STOP A in the event of a limit value STOP B in the event of a limit value
violation violation
The inverter signals the following: The inverter signals the following:
e (C01716 and C30716 (tolerance for | ¢ C01716 and C30716 (tolerance for
safe direction of motion exceeded) safe direction of motion exceeded)
e (C01700 and C30700 (STOP A e (C01701 and C30701 (STOP B
initiated) initiated)
e (01700 and C30700 (STOP A
initiated)
4.3. | Analyze the trace

o When SDI- is activated, the inverter signals: SDI- is active (r9722.13 = 1).

e [fr9713[0] > SDI tolerance, then the inverter signals an internal event

(r9722.7 = 0).

STOP A in the event of a limit value
violation

STOP B in the event of a limit value
violation

e The motor coasts down to a
standstill (r9722.0 = 1).

e The inverter brakes the motor on
the OFF3 ramp (r9722.1 = 1).

e After braking, STO is active
(r9722.0 = 1).

5. | Acknowledge fault

5.1. | Deselect SDI-.
5.2. | Check: SDI- is not active (r9722.13 = 0).
5.3. | Acknowledge the messages for the safety functions.

You have completed the acceptance test of the SDI function for the negative direction of

rotation.
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Example of a trace (STOP B in the event of a limit violation)

A.1 Examples of acceptance tests

®

®

 r9720.13
i
5 /
1
, | r9722.13
3 |r9722,7
5 3
-<®
.| r9722.1

.| 10899

i r9713[0] ,_/ \©
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Position actual value:
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The position actual
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OFF3 ramp
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of STOP B being active
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A.1.9 Acceptance test for F-DI status in PROFIsafe telegram 900

F-crPU |l |7

\
\
: S_ZSW5| |S_ZSW5.Bit 8[0 Bit 8/1 Bit 81
I S_ZSWS5.Bit 9|0 Bit 9]0 Bit 9[1
\
o PAIPANIPA
\ | Telegram 900
. (1) (2] (2]
— ™ g s
\ 1L+[X7.1 (
SINAMICS G120D DI 0|X7.4 (_‘I/" —+1 -
DI 1[X7.2 (— - — —
1L+ [X8.1 (
DI 2[X8.4 (— — —
DI3[X8.2 (— - — —_
1L+[X1.4 (— 24V DC

IM[X1.2 (— M

Figure A-15 Acceptance test for the status of the safety inputs using the example of a SINAMICS
G120D

Procedure
|:>1 To perform the acceptance test of the F-DI status, proceed as follows:

Status

- | The inverter is ready

e The inverter signals neither faults nor alarms of the safety functions (r0945[0...7],
r2122[0...7]).

1. | Check the "Low" status of the safety input

1.1. | Switch the signal of the safety input to be tested to low.

1.2. | In the F-CPU, check whether in status word S_ZSW5 the corresponding bit
has the value 0.

2. | Check the "High" status of the safety input
2.1. | Switch the signal of the safety input to be tested to high.

2.2. | Inthe F-CPU, check whether in status word S_ZSWS5 the corresponding bit
has the value 1.

O You have completed the acceptance test for the F-DI status.
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A.2 Documentation for acceptance

A.2A1 Creating logs with the settings of the safety functions

STARTER creates a log of the settings of the safety functions, which you can use for your
machine documentation.

Procedure
|:>1 Proceed as follows to create the acceptance documentation for the drive using STARTER:

1. In STARTER, select "Create acceptance documentation™;
= 8 Project_1 5

) Insert single drive unit

= -ﬂ-ﬁ,[}nwe_safety
-« ) Control_Unit
=) Documentation

) Create acceptance documentation
B Crested acceptance d«une
W Sisu ke

de_G120n_Dokumentation_Maschine
de_G120x_Extended_V4.4_v4.5

a1 us ©
en_G120n_Basic_¥4.4_V4.5
en_G120x_Documentation_machine

de_S5120_: W4 |

en_G120x_Extended_V4.4_¥4.5 )

T e
en_S5120_5150_Extended_with_encoder_¥4.5 ‘

len_5120_5150_G130_G150_Basic_/4.5
en_5120_5150_130_G150_Comgletion_44.5
len_5120_S150_TMS4F_V4.5

STARTER has templates in German and English.

2. Select the suitable template and create a report for each drive of your machine or system:

— Template for the machine documentation:
de_G120x_Dokumentation_Maschine: German template.
en_G120x_Documentation_machine: English template.

— Report of the settings for the basic functions, from firmware version V4.4 onwards:
de_G120x_Basicc_V4.4...: German report.
en_G120x_Basic_V4.4...: English report.

— Report of the settings for the extended functions, from firmware version V4.4 onwards:
Protokoll_de_G120x_Extended_V4.4...: German report.
Protocol_en_G120x_Extended_V4.4...: English report.
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3. You load the created reports for archiving and the machine documentation for further
processing:
=8 project_t
® ) Insert single drive unit
= -‘v-g’l}rme_‘;dety

oy Control_Unit Created acceptance documentation | 21x|

(=) Documentation -
Create accentance documentation £ Created acceptance documentation
wo o Bl ) Drive_safety

B Created acceptance Vacumentation
B alie mieiem o omeom | i Control_Unik.2011_12_01.Documentation_machine_G120x
@ i Control_ Unik.2011_12_01.Protocol_en_G120:x_Basic_V+.4+
| i

4. Archive the protocols and the machine documentation.

O You have generated the documents to accept the safety functions.

You can find the logs and the machine documentation in the following sections.

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
310 Function Manual, 04/2014, FW V4.7, ASE34261271B AA



Appendix
A.2 Documentation for acceptance

A.2.2 Example of machine documentation

Machine or system description

Designation
Type

Serial number

Manufacturer

End user

Block diagram of the machine and/or plant:

Inverter data

Table A-1 Hardware version of the safety-related inverter

Labeling the drive Order number and hardware version of the inverter

Function table

Table A-2  Active safety functions depending on the operating mode and safety equipment

Operating mode | Safety equipment Drive Selected safety function Checked
Example:
Production Protective door closed Conveyor belt - -
Protective door open Conveyor belt SS7 (braking in 2 seconds)
Emergency Stop button Conveyor belt STO
pressed
Setting up Protective door closed Conveyor belt - -
Protective door open Conveyor belt SLS level 1 (300 rom)
Emergency Stop button Conveyor belt STO
pressed
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A.2 Documentation for acceptance

Logging the settings

File name of the Iog_;:

Data backup

Data Storage medium Holding area

Archiving type Designation Date

Log of the settings

Acceptance tests
STARTER traces
PLC program

Circuit diagrams

Countersignatures

Commissioning engineer

This confirms that the tests and checks have been carried out properly.

Date Name Company/dept. Signature

Machine manufacturer

This confirms that the settings documented above are correct.

Date Name Company/dept. Signature
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A.2.3 Log the settings for the basic functions, firmware V4.4 ... V4.7

Drive = <pDO-NAME_v>

Table A- 3 Firmware version

Name Number Value
Control Unit firmware version r18 <r18_v>
Sl version, safety functions integrated in the drive (processor 1) ro9770 <r9770_v>

Table A-4  Monitoring cycle

Name Number Value
S| monitoring clock cycle (processor 1) r9780 <r9780_v>

Table A-5 Checksums

Name Number Value

S| module identifier, Control Unit r9670 <r9670_v>
S| module identifier, Power Module r9672 <r9672_v>
Sl reference checksum Sl parameters (processor 1) p9799 <p9799_v>
Sl reference checksum S| parameters (processor 2) p9899 <p9899_v>

Table A-6  Settings of the safety functions

Name Number Value

Sl enable, functions integrated in the drive p9601 <p9601_v>
Only for the CU250S-2 | S| enable safe brake control p9602 <p9602_v>
Control Unit

S| PROFIsafe address p9610 <p9610_v>
F-DI switch over discrepancy time p9650 <p9650_v>
S| STO debounce time p9651 <p9651_v>
Only for the CU250S-2 | S| Safe Stop 1 delay time p9652 <p9652_v>
Control Unit

Sl forced dormant error detection timer p9659 <p9659_v>

Table A-7  Safety logbook

Name Number Value

S| checksum to check changes r9781[0] <r9781[0]_v>
S| checksum to check changes r9781[1] <r9781[1]_v>
Sl change control time stamp r9782[0] <r9782[0]_v>
S| change control time stamp ro9782[1] <r9782[1]_v>
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A.2.4 Log the settings for the extended functions, firmware V4.4 ... V4.7

Drive = <pDO-NAME_v>

Table A- 8 Firmware version

Name Number Value
Control Unit firmware version r18 <r18_v>
S| motion, version safe motion monitoring functions r9590 <r9590_v>
S| Version safety functions integrated in the drive r9770 <r9770_v>
Table A-9  Monitoring cycle
Name Number Value
S| monitoring clock cycle r9780 <r9780_v>
Table A-10 Checksums
Name Number Value
S| Motion reference checksum S| parameters (processor 2) p9399[0] <p9399[0]_v>
p9399[1] <p9399[1]_v>
S| module identifier, Control Unit r9670 <r9670_v>
S| module identifier, Power Module r9672 <r9672_v>
Sl reference checksum S| parameters (processor 1) p9799 <p9799_v>
S| Motion reference checksum Sl parameters (processor 1) p9729[0] <p9729[0]_v>
p9729[1] <p9729[1]_v>
p9729[2] <p9729[2]_v>
Sl reference checksum S| parameters (processor 2) p9899 <p9899_v>
Table A- 11 Safety functions
Name Number Value
S| motion, enable safety-related functions p9501 <p9501_v>
S| Motion function specification p9506 <p9506_v>
S| Motion function configuration p9507 <p9507_v>
S| Motion response during pulse suppression p9509 <p9509_v>
S| motion, gearbox, motor/load, denominator p9521 <p9521_v>
S| motion, gearbox, motor/load, numerator p9522 <p9522_v>
S| Motion SLS limit values, limit value SLS1 p9531[0] <p9531[0]_v>
S| Motion SLS limit values, limit value SLS2 p9531[1] <p9531[1]_v>
S| Motion SLS limit values, limit value SLS3 p9531[2] <p9531[2]_v>
S| Motion SLS limit values, limit value SLS4 p9531[3] <p9531[3]_v>
S| Motion SLS speed setpoint limiting p9533 <p9533_v>
S| motion, actual value comparison tolerance (crosswise) p9542 <p9542_v>
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Name Number Value
S| Motion SSM filter time p9545 <p9545_v>
S| Motion SSM speed limit p9546 <p9546_v>
S| Motion SSM speed hysteresis p9547 <p9547_v>
S| Motion SAM actual speed tolerance p9548 <p9548_v>
S| Motion SLS changeover delay time p9551 <p9551_v>
S| Motion pulse suppression delay time p9556 <p9556_v>
S| Motion acceptance test mode time limit p9558 <p9558_v>
S| Motion forced dormant error detection timer p9559 <p9559_v>
S| Motion pulse suppression shutdown velocity p9560 <p9560_v>
S| Motion SLS-specific stop response, limit value SLS1 p9563[0] <p9563[0]_v>
S| Motion SLS-specific stop response, limit value SLS2 p9563[1] <p9563[1]_v>
S| Motion SLS-specific stop response, limit value SLS3 p9563[2] <p9563[2] v>
S| Motion SLS-specific stop response, limit value SLS4 p9563[3] <p9563[3]_v>
S| Motion SDI tolerance p9564 <p9564_v>
S| Motion SDI delay time p9565 <p9565_v>
S| Motion SDI stop response p9566 <p9566_v>
S| Motion SAM speed limit p9568 <p9568_v>
S| Motion acceptance test mode p9570 <p9570_v>
S| Motion braking ramp reference value p9581 <p9581_v>
S| Motion braking ramp delay time p9582 <p9582_v>
S| Motion braking ramp monitoring time p9583 <p9583_v>
From firmware V4.5 | S| Motion fault tolerance actual value acquisition p9585 <p9585_v>
encoderless
S| Motion delay time of the evaluation encoderless p9586 <p9586_v>
S| Motion encoderless actual value acquisition filter time p9587 <p9587_v>
S| Motion actual value acquisition encoderless minimum current p9588 <p9588_v>
S| Motion voltage tolerance acceleration p9589 <p9589_v>
Sl enable, functions integrated in the drive p9601 <p9601_v>
Only for the CU250S-2 Control Unit Enable safe brake control p9602 <p9602_v>
S| PROFIsafe address p9610 <p9610_v>
F-DI switch over discrepancy time p9650 <p9650_v>
S| STO debounce time p9651 <p9651_v>
Only for the CU250S-2 Control Unit Safe Stop 1 delay time p9652 <p9652_v>
Sl forced dormant error detection timer p9659 <p9659_v>
F-DI switch over discrepancy time p10002 <p10002_v>
S| acknowledgment internal event F-DI p10006 <p10006_v>
Sl digital inputs debounce time p10017 <p10017_v>
S| STO input terminal p10022 <p10022_v>
S| SS1 input terminal p10023 <p10023_v>
S| SLS input terminal p10026 <p10026_v>
S| SDI positive input terminal p10030 <p10030_v>
S| SDI negative input terminal p10031 <p10031_v>
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Name Number Value
S| F-DI monitoring status r10049 <r10049_v>
S| PROFIsafe F-DlI transfer p10050 <p10050_v>

Table A- 12 Fail-safe output in SINAMICS G120D with CU240/250D-2 DP/PN F and in SINAMICS G120 with CU250S-2

Name Number Value

S| wait time for test stop at DO p10001 <p10001_v>
S| forced dormant error detection timer p10003 <p10003_v>
S| forced dormant error detection F-DO signal source p10007 <p10007_v>
S| safe state signal selection p10039 < p10039_v>
S| F-DO 0 signal sources p10042[0] <p10042[0]_v>

p10042[1] | <p10042[1]_v>
p10042[2] |<p10042[2]_v>
p10042[3] |<p10042[3]_v>
p10042[4] | <p10042[4]_v>
p10042[5] |<p10042[5]_v>
S| F-DO feedback signal input activation p10046 <p10046_v>

S| F-DO test stop mode p10047 <p10047_v>

Table A- 13  Safety logbook

Name Number Value

S| checksum to check changes r9781[0] <r9781[0]_v>
S| checksum to check changes ro9781[1] <r9781[1]_v>
S| change control time stamp r9782[0] <r9782[0]_v>
Sl change control time stamp r9782[1] <r9782[1]_v>

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
316 Function Manual, 04/2014, FW V4.7, ASE34261271B AA



Appendix
A.3 Standards and specifications

A.3 Standards and specifications
A.3.1 General information
A3.11 Aims

Manufacturers and operating companies of equipment, machines, and products are
responsible for ensuring the required level of safety. This means that plants, machines, and
other equipment must be designed to be as safe as possible in accordance with the current
state of the art. For this purpose, companies describe in the various standards the current
state of the art covering all aspects relevant to safety. If it can be justifiably assumed that all
of the relevant standards are complied with, this ensures that state-of-the-art technology has
been utilized and, in turn, a plant builder or a manufacturer of a machine or a piece of
equipment has fulfilled his appropriate responsibility.

Safety systems are designed to minimize potential hazards for both people and the
environment by means of suitable technical equipment, without restricting industrial
production and the use of machines more than is necessary. The protection of man and
environment must be assigned equal importance in all countries based on internationally
harmonized rules and regulations. This is also intended to avoid competitive advantages or
disadvantages due to different safety requirements in different countries.

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

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

A3.1.2 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:

e Avoiding systematic faults

e Controlling random faults or failures

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
Function Manual, 04/2014, FW V4.7, ASE34261271B AA 317



Appendix
A.3 Standards and specifications

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 ISO 13849-1 "Category" and "Performance Level" (PL).
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A.3.2 Safety of machinery in Europe

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

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

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

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

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

A.3.2.1 Machinery Directive

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

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

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

A.3.2.2 Harmonized European Standards

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

When the harmonized standards are observed, it is "automatically assumed" that the
Directive is fulfilled. As such, manufacturers can assume that they have observed the safety
aspects of the Directive under the assumption that these are also covered in this standard.
However, not every European Standard is harmonized in this sense. Key here is the listing in
the official journal of the commission of the European Parliament and Council.
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The European Safety of Machines standard is hierarchically structured. It is divided into:
e A standards (basic standards)

e B standards (group standards)

e (C standards (product standards)

Type A standards/basic standards

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

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

Type B standards/group standards

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

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

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

e Type B2 standards for protective safety devices are defined for different machine types
(e.9. EMERGENCY STOP devices, two-hand operating circuits, interlocking elements,
contactless protective devices, safety-related parts of controls).

Type C standards/product standards

C standards are product-specific standards (e.g. for machine tools, woodworking machines,
elevators, packaging machines, printing machines etc.). Product standards cover machine-
specific requirements. The requirements can, under certain circumstances, deviate from the
basic and group standards. Type C/product standards have the highest priority for machine
manufacturers who can assume that it fulfills the basic requirements of Annex | of the
Machinery Directive (automatic presumption of compliance). If no product standard has been
defined for a particular machine, type B standards can be applied when the machine is
constructed.

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

http://www.newapproach.org/

Recommendation: Due to the rapid pace of technical development and the associated
changes in machine concepts, the standards (and C standards in particular) should be
checked to ensure that they are up to date. Please note that the application of a particular
standard may not be mandatory provided that all the safety requirements of the applicable
EU directives are fulfilled.
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A.3.2.3 Standards for implementing safety-related controllers

If the functional safety of a machine depends on various control functions, the controller must
be implemented in such a way that the probability of safety functions failing in a dangerous
fashion is sufficiently minimized. EN ISO 13849-1 (formerly EN 954-1) and IEC61508 define
principles for implementing safety-related machine controllers which, when properly applied,
ensure that all the safety requirements of the EC Machinery Directive are fulfilled. These
standards ensure that the relevant safety requirements of the Machinery Directive are

fulfilled.
Any architectures Defined architectures, restricted
All SIL 1-3 (from PL b) maximum PL for electronics
EN 62061 EN ISO 13849
Safety of Machinery Safety of Machinery
Functional safety - safety-related Safety-related parts of control systems
electrical, electronic and programmable
electronic control systems

Sector Standard EN 62061 for or deviations from the defined
the area of machines below EN rchitectures, reference to EN
61508 61508

Universal use for electrical, electronic and programmable electronic systems that
execute safety functions or guarantee functional safety

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

Figure A-16 Standards for implementing safety-related controllers

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

EN ISO 13849-1 or EN 62061 should be applied depending on the technology (mechanics,
hydraulics, pneumatics, electrics, electronics, programmable electronics), risk classification
and architecture.
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Systems for executing safety-related control
functions

EN ISO 13849-1

EN 62061

or

C standards combined with A standards and B

standards

See comment 2

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

See comment 3

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

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

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

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

A3.2.4

322

DIN EN ISO 13849-1 (replaces EN 954-1)

A qualitative analysis according to DIN EN 13849-1 is not sufficient for modern control
systems due to their technology. Among other things, DIN EN ISO 13849-1 does not take
into account time behavior (e.g. test interval and/or cyclic test, lifetime). This results in the
probabilistic approach in DIN EN ISO 13849-1 (probability of failure per unit time).
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DIN EN ISO 13849-1 is based on the known categories of EN 954-1. It now also takes into
account complete safety functions and all the devices required to execute these. With DIN
EN ISO 13849-1, safety functions are investigated from a quantitative perspective going
beyond the qualitative basis of EN 954-1. Performance levels (PL), which are based on the
categories, are used. The following safety-related characteristic quantities are required for
devices/equipment:

e (Category (structural requirement)
e PL: Performance level

e MTTFq4: Mean time to dangerous failure

e DC: Diagnostic coverage

e CCF:
Common cause failure

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

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

Note
DIN EN ISO 13849-1 and machinery directive

Since May 2007, DIN EN ISO 13849-1 has been harmonized as part of the Machinery
Directive.

A3.25 EN 62061

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

whereby it systematically applies a top-down approach to implementing complex control
systems (known as "functional decomposition"). The safety functions derived from the risk
analysis are sub-divided into sub-safety functions, which are then assigned to real devices,
sub-systems, and sub-system elements. Both the hardware and software are covered. EN
62061 also describes the requirements placed on implementing application programs.

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

Programmable electronic devices (e.g. PLCs or variable-speed drives) must fulfill IEC 61508.
They can then be integrated in the controller as sub-systems. The following safety-related
characteristic quantities must be specified by the manufacturers of these devices.
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Safety-related characteristic quantities for subsystems:
e SIL CL: SIL claim limit

® PFHp:
Probability of dangerous failures per hour

o T1:
Lifetime

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

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

Failure rate
e B10 value: For elements that are subject to wear

o T1:
Lifetime

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

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

° T2
Diagnostic test interval

OB:

Susceptibility to common cause failure

e DC:
Diagnostic coverage

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

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

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

e Develop own subsystems:

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

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

Note
Function examples

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

Note
EN 62061 and machinery directive

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

A.3.2.6 Series of standards IEC 61508 (VDE 0803)
This series of standards describes the current state of the art.

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

® [f no harmonized standard exists for the application in question. In this particular case, the
manufacturer may use IEC 61508. although no presumption of conformity exists here.

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

IEC 61508 covers all the aspects that must be taken into account when E/E/PES systems
(electrical, electronic, and programmable electronic system) are used in order to execute

safety functions and/or to ensure the appropriate level of functional safety. Other hazards
(e.g. electric shock) are not part of the standard, similar to DIN 1ISO 13849.

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

Another recent development with respect to IEC 61508 is its system approach, which
extends the technical requirements to include the entire safety installation from the sensor to
the actuator, the quantification of the probability of hazardous failure due to random
hardware failures, and the creation of documentation covering all phases of the safety-
related lifecycle of the E/E/PES.
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A3.2.7
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Risk analysis/assessment

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

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

EN ISO 12100-1 focuses on the risks to be analyzed and the design principles for minimizing
risk.

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

The risk assessment involves the following:

® Risk analysis
— Determines the limits of the machine (EN ISO 12100)
— Identification of hazards (EN 1SO 12100)
— Estimating the level of risk (EN 1050 Paragraph 7)

® Risk evaluation

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

Y

=P Determining the machine limits

Y

Identifying the potential hazard Risk analysis

Y

Risk estimation

Y

Risk evaluation

Is the machine safe END

Risk reduction

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

Figure A-17 lterative process for achieving safety

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

If the protective measures involve the use of interlocking or control functions, these must be
designed according to EN ISO 13849-1. For electrical and electronic controllers, EN 62061
can be used as an alternative to EN ISO 13849-1. Electronic controllers and bus systems
must also comply with IEC 61508.

A3.28 Risk reduction

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

EN ISO 13849-1 defines a risk flow chart that instead of categories results in hierarchically
graduated Performance Levels (PL).

IEC/EN 62061 uses "Safety Integrity Level" (SIL) for classification purposes. This is a
quantified measure of the safety-related performance of a controller. The required SIL is also
determined in accordance with the risk assessment principle according to ISO 12100 (EN
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1050). Annex A of the standard describes a method for determining the required Safety
Integrity Level (SIL).
Regardless of which standard is applied, steps must be taken to ensure that all the machine

controller components required for executing the safety-related functions fulfill these
requirements.

A.3.2.9 Residual risk

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

Residual risks must be clearly referred to in the machine/plant documentation (user
information according to EN 1SO 12100).
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A3.3 Machine safety in the USA

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

A.3.3.1 Minimum requirements of the OSHA

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

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

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

http://www.osha.gov

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

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

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

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

A3.3.2 NRTL listing

To protect employees, all electrical equipment used in the USA must be certified for the
planned application by a "Nationally Recognized Testing Laboratory" (NRTL) certified by the
OSHA. NRTLs are authorized to certify equipment and material by means of listing, labeling,
or similar. Domestic standards (e.g. NFPA 79) and international standards (e.g. IEC/EN
61508 for E/E/PES systems) are the basis for testing.
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A3.3.3

A3.3.4
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NFPA 79

Standard NFPA 79 (Electrical Standard for Industrial Machinery) applies to electrical
equipment on industrial machines with rated voltages of less than 600 V. A group of

machines that operate together in a coordinated fashion is also considered to be one
machine.

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

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

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

— In the event of a single fault
(a) Initiate that the system switches to a safe shutdown mode
(b) Prevent the system from restarting until the fault has been rectified
(c) Prevent an unexpected restart

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

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

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

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

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

http://www.ul.com - Online Certifications Directory - UL Category code/Guide information —
search for category "NRGF"

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

ANSI B11

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

The hazards of a machine are evaluated by means of a risk analysis/assessment. The risk
analysis is an important requirement in accordance with NFPA 79, ANSI/RIA 15.06, ANSI
B11.TR-3 and SEMI S10 (semiconductors). The documented findings of a risk analysis can
be used to select a suitable safety system based on the safety class of the application in
question.
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A3.4 Machine safety in Japan

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

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

Table A- 14 Japanese standards

ISO/IEC number JIS number Comment

1ISO12100 JIS B 9700 earlier designation TR B 0008 and
TR B 0009

1ISO14121- 1/ EN1050 JIS B 9702

1ISO13849-1 JIS B 9705-1

1SO13849-2 JIS B 9705-1

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

IEC 61508-0 to -7 JIS C 0508

IEC 62061 JIS number not yet assigned
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A.3.5 Equipment regulations

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

Safety-related issues (e.g. operating modes, operator actions with access to hazardous
areas, EMERGENCY STOP concepts, etc.) should be clarified with customers early on so
that they can be integrated in the risk assessment/risk reduction process.
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A.3.6 Other safety-related issues

A.3.6.1 Additional references

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

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

A.3.6.2 Information sheets issued by the Employer's Liability Insurance Association

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

Some regulatory bodies issue publications on an extremely wide range of subjects.

Note

These publications are in German. In some instances, they are also available in English and
French.

Information sheets covering the following areas are available, for example:
® Process monitoring in production environments

® Axes subject to gravitational force

® Roller pressing machines

e |athes and turning centers - purchasing/selling

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

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

Employer's Liability Insurance Association (www.bghm.de)

First select the area "Arbeitsschutzer", followed by the menu item "Praxishilfen" and finally
"DGUV-Informationen".
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A4

A4.1

Table A- 15 Manuals for your inverter

Manuals and technical support

Manuals for your inverter

Information
depth

Manual

Contents

Available
languages

Download or order number

++

Getting Started Guide
for the following inverters:

SINAMICS G120 with Control
Units CU230P-2; CU240B-2;
CU240E-2

SINAMICS G120 with
CU250S-2 Control Unit

SINAMICS G120C
SINAMICS G120D
SINAMICS G110M

Install the inverter and rotate
the motor.

+++

Operating instructions
for the following inverters:

SINAMICS G120 with the
Control Units CU240B-2;
CU240E-2

SINAMICS G120 with the
Control Unit CU250S-2

SINAMICS G120C

SINAMICS G120D with the
Control Unit CU240D-2

SINAMICS G120D with the
Control Unit CU250D-2

SINAMICS G110M
SIMATIC ET 200pro FC-2

Installing, commissioning and
maintaining the inverter.

English,
German,
Italian,
French,
Spanish,
Chinese

+++

Function Manual for Safety
Integrated

(this manual)

+++

Fieldbus Function Manual

for the SINAMICS G120, G120C
and G120D inverters

Configuring fieldbuses.

English,
German,
Chinese

Download manuals
(http://support.automation.
siemens.com/WW/view/en/
22339653/133300)

SINAMICS
Manual Collection

Documentation on DVD,
order number
6SL3097-4CA00-0YGO

334
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Information | Manual Contents Available Download or order number
depth languages
+++ List Manual Complete list of all
for the following inverters: parameters, alarms and
«  SINAMICS G120 with the fg“'tsh_ o g
Control Units CU240B-2; raphic function diagrams.
CU240E-2
e SINAMICS G120 with the
Control Unit CU250S-2
¢ SINAMICS G120C
e SINAMICS G120D with the
Control Units CU240D-2,
CuU250D-2
¢ SINAMICS G110M
e SIMATIC ET 200pro FC-2
+ Getting Started Guide Installing the Power Module English
for the following SINAMICS G120
Power Modules:
¢ PM240, PM250 and PM260
e PM240-2
+ Installation Instructions Installing components
for reactors, filters and braking
resistors
+++ Hardware Installation Manual Installing power modules, English,
for the following SINAMICS G120 | reactors and filters. German
Power Modules: Maintaining power modules.
e PM240
e PM240-2
e PM250
e PM260
+++ Operating Instructions Operating operator panels,
for the following Operator Panels: | installing door assembly for
« BOP-2 IoP
e IOP
+++ Operating Instructions Installing, commissioning and | English, Download SIMATIC
SIMATIC ET 200pro Distributed | troubleshooting the distributed | German, (http://support.automation.
1/0 System I/0 system ET 200pro and F- | Italian, siemens.com/WW/view/en/
Switch. French, 19737445/133300)
Spanish,
Chinese,
Russian
+++ Manual Installing, commissioning and | English,
SIMATIC ET 200pro motor starter | troubleshooting ET 200pro French,
motor starters and the F-RSM | German

module.

Safety Integrated - SINAMICS G110M, G120, G120C, G120D and SIMATIC ET 200pro FC-2
Function Manual, 04/2014, FW V4.7, ASE34261271B AA

335


http://support.automation.siemens.com/WW/view/en/19737445/133300
http://support.automation.siemens.com/WW/view/en/19737445/133300
http://support.automation.siemens.com/WW/view/en/19737445/133300

Appendix

A.4 Manuals and technical support

A.4.2 Configuring support

Table A- 16  Support when configuring and selecting the inverter

Manual or tool Contents Available Download or order number
languages
Catalog D 31 Ordering data and technical English, Everything about SINAMICS G120
information for the standard German, (www.siemens.en/sinamics-g120)
SINAMICS G inverters Italian,
French,
Spanish
Online catalog (Industry | Ordering data and technical English,
Mall) information for all SIEMENS German
products
SIZER The overall configuration tool for | English, You obtain SIZER on a DVD
SINAMICS, MICROMASTER German, (Order number: 6SL3070-0AA00-0AGO0)
and DYNAVERT T drives, motor | ltalian, French | and in the Internet:
starters, as well as SINUMERIK, Download SIZER
SIMOTION controls and (http://support.automation.siemens.com/W
SIMATIC Technology W/view/en/10804987/130000)

The TUV-approved "Safety Evaluation Tool" for the standards IEC 62061 and ISO 13849-1
helps you to evaluate the safety functions of your machine. This online tool provides you with
a standards-compliant report that can be integrated in the documentation as proof of safety:

Safety Evaluation Tool (www.siemens.com/safety-evaluation-tool).
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A43 Product Support

You can find additional information on the product and more in the Internet under: Product
support (http://www.siemens.com/automation/service&support).

In addition to our documentation, under this address we offer our complete knowledge base
online: You can find the following information:

® Actual product information (Update), FAQ (frequently asked questions), downloads.
® The Newsletter contains the latest information on the products you use.
® The Knowledge Manager (Intelligent Search) helps you find the documents you need.

® Users and specialists from around the world share their experience and knowledge in the
Forum.

® You can find your local representative for Automation & Drives via our contact database
under "Contact & Partner".

® [nformation about local service, repair, spare parts and much more can be found under
"Services".
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A.5 Mistakes and improvements

If you come across any mistakes when reading this manual or if you have any suggestions
for how it can be improved, then please send your suggestions to the following address or by
E-mail:

Siemens AG

Drive Technologies

Motion Control Systems

Postfach 3180

91050 Erlangen, Germany

E-mail (mailto:docu.motioncontrol@siemens.com)
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3RK3 (modular safety system), 65
3TK28 (safety relay), 62

A

Acceleration voltage tolerance, 109

Acceptance mode, 141, 149, 292, 301

Acceptance test, 77, 156, 312

Complete, 156

F-DI status, 308

Reduced scope, 158, 266

SBC, 289

SDI, 301

SLS, 292

SS1 (basic functions), 283

SS1 (extended functions), 286

SSM, 297

STO (basic functions), 279

STO (extended functions), 281
Acceptance test record, 156
Acknowledge

F-DlI, 89, 232

internal event, 232

PROFIsafe, 47, 48, 232

Standard, 232

with a fail-safe signal, 232
Actual value tolerance, 107
Alarm, 242

B

Back up parameters, 153
Basic functions, 19, 52, 53
Bit pattern test, 95, 116

C

Cable break, 170, 183, 185
Cat. (category), 273
Catalog, 336

CDS (Command Data Set), 102, 151, 152

Centrifuge, 39
Certification, 273

Circuit diagram, 312
Commissioning, 77

Offline, 84

Online, 84

Overview, 88
Commissioning engineer, 15
Compound braking, 24
Configuring support, 336
Consistency, 94, 116
Consistent signals, 94, 116
Contact bounce, 95, 116
Control mode, 22
Control Unit

CU230P-2, 20, 21

CU240B-2, 20, 21

CU240D-2, 20, 21

CU240E-2, 20, 21

CU250D-2, 20, 21

CU2508-2, 20, 21
Control word 1, 47, 48
Control word 5, 50
Copy

Parameter, 153

Series commissioning, 155, 158
Copy parameter

Series commissioning, 158
Copy parameters

Offline commissioning, 153

Series commissioning, 155
Correction manual, 338
Countersignatures, 312
Crane trolley, 38

D

Data backup, 312

Data set changeover, 102, 151, 152
DC braking, 24

Debounce time, 271

Delay time, 109

Delay time actual value sensing, 271, 272
DI (Digital Input), 53, 101, 102, 150, 151, 152

Digital inputs
Multiple assignment, 101
Discrepancy, 66, 94, 116, 225, 233
Filter, 94, 116
SDI, 221
SLS, 202
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SS1, 184, 185

STO, 170

Tolerance time, 94, 116
DO (digital output), 71
Download, 153

E

EC Declaration of Conformity, 274
EC type-examination certificate, 273
Electromechanical sensor, 54, 58, 60
Emergency Stop button, 29
Emergency stop control device, 57
EN 61800-5-2, 27, 31

Encoderless, 22

Encoderless actual value sensing, 109

End user, 311
ET200S, 69
Extended functions, 19, 52, 53

F

F_Dest_Add, 80
F_WD_Time, 80
FO rail, 43, 56
F1 rail, 43, 56
Factory settings
Restoring the, 85
Fail-safe acknowledgment, 119, 160
Fault, 242
Fault detection, 161
Fault response
SDI, 223
SLS, 204
SS1, 187
SSM, 230
STO, 229
F-CPU, 44
F-DI (Fail-safe Digital Input), 53, 77
F-DI status
Acceptance test, 308
F-DO (safety output), 71
Filter
Contact bounce, 95, 116
Discrepancy, 94, 116
On/off test, 95, 116
Filter for safety input, 113, 114
Firmware update, 266

Extended functions, 105
Performing, 162
Safety output, 125
setting, 98
F-RSM, 56
F-Switch, 43, 56
Function table, 311
Functional expansions, 158

G

Gearr ratio, 107, 138
Gear unit, 107
Getting Started, 334
Group drive, 22

H

Hardware configuration, 92
Hardware Installation Manual, 334
Horizontal conveyors, 35

Hotline, 337

I/0 module, 67, 68, 69, 70
Induction motor, 22
Industry Mall, 336
Internal event, 160, 227
Inverter

Update, 266
Inverter components, 253
Inverter signals, 160
I-slave, 44

L

Limit value violation, 227
List Manual, 334
Load revolutions, 107

M

Machine description, 311
Machine documentation, 309
Machine manufacturer, 15, 267

Main screen form (basic functions), 90
Main screen form (extended functions), 103
Manual Collection, 334

Manuals

Firmware version, 253, 311
Flying restart, 24, 107
Forced dormant error detection, 98, 105, 267
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Download, 334
Function Manual for Safety Integrated, 334
Inverter accessories, 334
Overview, 334
Manufacturer, 311
Manufacturer declaration, 273
Minimum current, 109
Mistakes manual, 338
MLFB (order number), 311
Modular Safety System, 65
Motor data identification, 24
Motor revolutions, 107
Multiple assignment
Digital inputs, 101, 102, 150, 151, 152

N

Number of pole pairs, 107

O

OB35, 80
OFF3, 227
Offline commissioning, 84, 153
On/off test, 95, 116
Online commissioning, 84
Operating instruction, 17
Operating instructions, 334
Operating mode, 311
Overview
Chapter, 18
Commissioning, 88
Manuals, 334

P

Performance level, 273

Permissible pre-processing devices, 62
PFHD (Probability of Failure per Hour), 267
PL (Performance level), 273

Plant manufacturer, 15

PLC program, 312

Position switch, 57

Power on reset, 85, 101, 150, 154, 171, 184, 225, 233,
256, 257, 258, 263, 264

Pressure cylinder, 38

Printing machine, 38

Probability of failure, 267

Probability of Failure per Hour, 267
Procedure, 17

PROFIsafe, 42, 77

Configure, 78

Control word 1, 47, 48

Control word 5, 50

Start communication, 93, 129

Status word 1, 47, 49, 169, 229

Status word 5, 50

Telegram 30, 46

Telegram 900, 46
PROFIsafe address, 127
Protection against jamming, 38
Protective door, 57
Protocol, 309

Q
Questions, 337

R

Reference speed, 140
Replace
Control Unit, 266
Gear unit, 266
Hardware, 266
Motor, 266
Power Module, 266
Reset
Parameter, 85
Response time, 270
Risk analysis, 22
Risk assessment, 22
Rolling shutter gate, 38

S

S_STW (safety control word), 46
S_ZSW (safety status word), 46
S7-300, 67
Safe Brake Ramp, 189
Safe Brake Relay, 74, 98
Safety functions
Activating the, 21
Safety input, 53, 77, 111
Safety integrity level, 273
Safety output, 71, 125
Feedback input, 124
Safe state signal selection, 124
Signal sources, 124
SINAMICS G120D, 122
Test mode, 120, 124
Safety relay, 62, 64
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SAM (Safe Acceleration Monitor), 130, 135, 180
active, 160
SBC (Safe Brake Control), 30
Acceptance test, 289
Requested, 160
SBR (Safe Brake Ramp), 130, 179, 189, 195, 196
active, 160
SDI (Safe Direction), 37
Acceptance test, 301
active, 160
Delay time, 147
deselect, 160
Discrepancy, 221
Fault response, 223
select, 216
Switch off the motor, 217
Switch on motor, 219
Tolerance, 147
Self-test, 98
Self-test (forced dormant error detection), 105
Serial number, 311
Series commissioning, 155, 158
Service life, 267
Service personnel, 15
Setpoint speed limit, 193
Shared Device, 44, 82, 92, 129
Signals, 160
SIL (Safety Integrity Level), 273
SIMATIC ET 200pro FC-2, 20, 21, 51
SINAMICS G110M, 20, 21
SINAMICS G120
CU230P-2, 20, 21
CuU240B-2, 20, 21
CU240E-2, 20, 21
CU250S-2, 20, 21
SINAMICS G120C, 20, 21
SINAMICS G120D
CuU240D-2, 20, 21
CuU250D-2, 20, 21
SIZER, 336
SLS (Safely Limited Speed), 34, 189
Acceptance test, 292
active, 160
Braking ramp monitoring, 140
Delay time, 140
deselect, 160, 189
Discrepancy, 202
Fault response, 204
Level, 195
Level active, 160
Monitoring mode, 189
Monitoring threshold, 196

Response, 138
select, 189, 191, 193
Select level, 160
Setpoint speed limit, 138
Speed monitoring, 140
Standstill monitoring, 199
Switch off the motor, 199
Switch on motor, 201
Switching monitoring threshold, 195
Switching over speed monitoring, 196, 198
Speed monitoring, 227
Speed ratio, 107
Spindle drive, 36
SS1 (Safe Stop 1), 32
Acceptance test, 283, 286
active, 160
Delay time, 130, 131, 132, 134
Delay time for SBR, 130
deselect, 160
Discrepancy, 183, 185
Fault response, 187
Monitoring mode, 130
Monitoring time, 132, 132
Reference speed, 132, 132
Reference speed (reference velocity), 132
Reference velocity (reference speed), 132
select, 130, 178, 179
Shutdown speed, 130, 131, 133, 134
Speed tolerance, 134
Standstill monitoring, 130, 131, 179, 180
Switch off the motor, 182
Tolerance, 130, 135
Zero speed detection, 133
SSM (Safe Speed Monitoring), 39
Acceptance test, 297
Fault response, 230
Feedback signal active, 160
Filter, 144
Hysteresis, 144
Speed limit, 143
Switch off the motor, 208
Switch on motor, 213
Time response, 207
Standard acknowledgment, 160
STARTER, 84
STARTER commissioning tool, 84
STARTER PC tool, 84
Status F-DI via PROFlsafe, 128
Status word 1, 47, 49
Status word 5, 50
STO (Safe Torque Off), 27
Acceptance test, 279, 281
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Index

active, 160 W
Discrepancy, 170 Winders, 23

Fault response, 229 .
select, 169 Wire breakage, 94, 116

Selecting, 27
Selection, 160
Stop
Category 1, 227
STOP A, 187, 204, 223, 227
STOP B, 204, 223, 227
STOP F, 228, 230
Suggestions for improvement manual, 338
Support, 337
Switch-off signal paths, 98
Switch-off signal paths (forced dormant error
detection), 105
Switchover
SLS level, 195
Symbols, 17
Synchronous motor, 22
System description, 311

T

Telegram 30, 46, 128
Telegram 900, 46, 128
Test interval, 267
Test mode F-DO, 122
Test signals, 95, 116
Test stand, 23
Test stop

Performing, 163
Test stop (forced dormant error protection), 105
Trace, 312
Turning machine, 35

U

Update
Firmware, 266

\Y

V/f control, 22

Vector control, 22

Version
Firmware, 311
Hardware, 311
Safety function, 311
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