SIEMENS

Function Manual

SINAMICS

S120

STARTER drive functions

www.siemens.com/drives






SIEMENS

SINAMICS

S120
Drive functions (STARTER)

Function Manual

Valid as of:
Firmware version 5.1 SP1

07/2018

6SL3097-5AB00-0BPO

Preface

Fundamental safety
instructions

Infeed

Extended setpoint channel

Servo control

Vector control

U/f control (vector control)

Basic functions

Function modules

Monitoring functions and
protective functions

© o0 N o O b~ 0w DN

Safety Integrated Basic
Functions

Communication

Applications

Web server

Basic information about the
drive system

Appendix




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.

/A\WARNING

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

/\CAUTION

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

NOTICE

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

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

Qualified Personnel

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

Proper use of Siemens products
Note the following:

/\WARNING

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

Trademarks

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

Disclaimer of Liability

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

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

Siemens AG Document order number: 6SL3097-5AB00-0BP0

Division Digital Factory ® 07/2018 Subject to change
Postfach 48 48

90026 NURNBERG
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SINAMICS documentation
The SINAMICS documentation is organized in the following categories:
® General documentation/catalogs
® User documentation

o Manufacturer/service documentation

Additional information

You can find information on the following topics at the following address
(https://support.industry.siemens.com/cs/de/en/view/108993276):

® Ordering documentation/overview of documentation
e Additional links to download documents
® Using documentation online (find and search in manuals/information)

Please send any questions about the technical documentation (e.g. suggestions for
improvement, corrections) to the following e-mail address
(mailto:docu.motioncontrol@siemens.com).

Siemens MySupport/Documentation

At the following address (https://support.industry.siemens.com/My/ww/en/documentation),
you can find information on how to create your own individual documentation based on
Siemens' content, and adapt it for your own machine documentation.

Training
At the following address (http://www.siemens.com/sitrain), you can find information about
SITRAIN (Siemens training on products, systems and solutions for automation and drives).
FAQs
You can find Frequently Asked Questions in the Service&Support pages under Product
Support (https://support.industry.siemens.com/cs/de/en/ps/faq).
SINAMICS

You can find information about SINAMICS at the following address
(http://www.siemens.com/sinamics).
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Usage phases and their documents/tools (as an example)

Usage phase Document/tool
Orientation SINAMICS S Sales Documentation
Planning/configuration e SIZER Engineering Tool

e Configuration Manuals, Motors
Deciding/ordering SINAMICS S120 catalogs

e SINAMICS S120 and SIMOTICS (Catalog D 21.4)

o SINAMICS Converters for Single-Axis Drives and SIMOTICS Motors (Cata-
log D 31)

e SINUMERIK 840 Equipment for Machine Tools (Catalog NC 62)

Installation/assembly ¢ SINAMICS S120 Manual for Control Units and Additional System Components
e SINAMICS S120 Manual for Booksize Power Units

o SINAMICS S120 Manual for Booksize Power Units C/D Type

e SINAMICS S120 Manual for Chassis Power Units, Air-cooled

o SINAMICS S120 Manual for Chassis Power Units, Liquid-cooled

e SINAMICS S120 Manual for AC Drives

e SINAMICS S120 Manual Combi

e SINAMICS S120M Manual Distributed Drive Technology

e SINAMICS HLA System Manual Hydraulic Drive

Commissioning ¢ Startdrive Commissioning Tool

e SINAMICS S120 Getting Started with Startdrive

e SINAMICS S120 Commissioning Manual with Startdrive

e SINAMICS S120 Function Manual Drive Functions Startdrive
e SINAMICS S120 Safety Integrated Function Manual

e SINAMICS S120 Function Manual Communication Startdrive
e SINAMICS S120/S150 List Manual

e SINAMICS HLA System Manual Hydraulic Drive

Usage/operation ¢ SINAMICS S120 Commissioning Manual with Startdrive
e SINAMICS S120/S150 List Manual
e SINAMICS HLA System Manual Hydraulic Drive

Maintenance/servicing e SINAMICS S120 Commissioning Manual with Startdrive
o SINAMICS S120/S150 List Manual
References o SINAMICS S120/S150 List Manual
Target group

This documentation is intended for machine manufacturers, commissioning engineers, and
service personnel who use the SINAMICS drive system.
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Benefits

Standard scope

This manual provides all of the information, procedures and operator actions required for the
particular usage phase.

The scope of the functionality described in this document can differ from that of the drive
system that is actually supplied.

e Other functions not described in this documentation might be able to be executed in the
drive system. However, no claim can be made regarding the availability of these functions
when the equipment is first supplied or in the event of service.

e The documentation can also contain descriptions of functions that are not available in a
particular product version of the drive system. The functionality of the supplied drive
system should only be taken from the ordering documentation.

e Extensions or changes made by the machine manufacturer must be documented by the
machine manufacturer.

For reasons of clarity, this documentation does not contain all of the detailed information on
all of the product types, and cannot take into consideration every conceivable type of
installation, operation and service/maintenance.

Technical Support

Notation

Function Manual, 07/2018, 6SL3097-5AB00-0BP0

Country-specific telephone numbers for technical support are provided in the Internet at the
following address (https://support.industry.siemens.com/sc/ww/en/sc/2090) in the "Contact"
area.

The following notation and abbreviations are used in this documentation:

Notation for faults and alarms (examples):

o F12345 Fault 12345
o AB7890 Alarm 67890
e (23456 Safety message

Notation for parameters (examples):

e p0918 Adjustable parameter 918

e 11024 Display parameter 1024

e p1070[1] Adjustable parameter 1070, index 1

e p2098[1].3 Adjustable parameter 2098, index 1 bit 3

e p0099[0...3] Adjustable parameter 99, indices 0 to 3

o r0945[2](3) Display parameter 945, index 2 of drive object 3


https://support.industry.siemens.com/sc/ww/en/sc/2090

Preface

e p0795.4 Adjustable parameter 795, bit 4

Use of OpenSSL

This product contains software (https://www.openssl.org/) that has been developed by the
OpenSSL project for use in the OpenSSL toolkit.

This product contains cryptographic software (mailto:eay@cryptsoft.com) created by Eric
Young.

This product contains software (mailto:eay@cryptsoft.com) developed by Eric Young.
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Fundamental safety instructions 1

1.1 General safety instructions

AWARN ING

Danger to life if the safety instructions and residual risks are not observed

If the safety instructions and residual risks in the associated hardware documentation are
not observed, 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.

/A\WARNING

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

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

e Handle possible malfunctions by taking suitable measures, e.g. emergency stop or
emergency off.
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1.2 Warranty and liability for application examples

1.2 Warranty and liability for application examples

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

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

1.3 Industrial security

Note
Industrial security

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

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

Customers are responsible for preventing unauthorized access to their plants, systems,
machines and networks. Such systems, machines and components should only be
connected to an enterprise network or the Internet if and to the extent such a connection is
necessary and only when appropriate security measures (e.g. firewalls and/or network
segmentation) are in place.

For additional information on industrial security measures that may be implemented, please
visit:

Industrial security (http://www.siemens.com/industrialsecurity)

Siemens’ products and solutions undergo continuous development to make them more
secure. Siemens strongly recommends that product updates are applied as soon as they are
available and that the latest product versions are used. Use of product versions that are no
longer supported, and failure to apply the latest updates may increase customer’s exposure
to cyber threats.

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

Industrial security (http://www.siemens.com/industrialsecurity)

Further information is provided on the Internet:

Industrial Security Configuration Manual
(https://support.industry.siemens.com/cs/ww/en/view/108862708)
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1.3 Industrial security
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/N\WARNING

Unsafe operating states resulting from software manipulation

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

Keep the software up to date.
Incorporate the automation and drive components into a holistic, state-of-the-art
industrial security concept for the installation or machine.

Make sure that you include all installed products into the holistic industrial security
concept.

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

Protect the drive against unauthorized changes by activating the "know-how protection"
drive function.
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Infeed 2

Infeed units (Line Modules)

Line Modules contain the central line infeed for the DC link. Various Line Modules can be
selected to address the various application profiles:

® Active Line Modules (ALM)
® Basic Line Modules (BLM)
® Smart Line Modules (SLM)

The devices are parameterized in Startdrive using the "Infeed" drive object.

Active Line Module

Active Line Modules can supply energy and return regenerative energy to the line supply. A
Braking Module and braking resistor are required only if the drives need to be decelerated in
a controlled manner after a power failure (i.e. when energy cannot be fed back to the line
supply). When feeding in with the Active Line Module, a line reactor or an Active Interface
Module is required.

Basic Line Module

Basic Line Modules are only suitable for infeed operation, i.e. they cannot feed regenerative
energy back into the grid. If regenerative energy accrues, e.g. when braking the drives, it
must be converted to heat via a Braking Module and a braking resistor.

Smart Line Module

Smart Line Modules can supply energy and return regenerative energy to the line supply. A
Braking Module and braking resistor are required only if the drives need to be decelerated in
a controlled manner after a power failure (i.e. when energy cannot be fed back to the line
supply). When a Smart Line Module is used as the infeed, the matching line reactor must be
installed.
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2.1 Active Infeed

Features

e Controlled DC link voltage whose level can be adjusted (independent of line voltage
fluctuations)

® Regenerative feedback capability

® Specific reactive current setting

® |ow line harmonics, sinusoidal line current (cos ¢ = 1)
e Several Active Line Modules connected in parallel

e Master/Slave operation for several Active Line Modules

e Parameterizable bandstop filters for Active Line Modules in chassis format

Description

The Active Infeed closed-loop control works in conjunction with the line reactor or an Active
Interface Module and the Active Line Module as step-up controller. The level of the DC link
voltage can be defined through parameters, and, by means of the control, it is independent
of line voltage fluctuations.

The open and closed-loop control firmware of the Active Line Module runs on the Control
Unit assigned to it. The Active Line Module and Control Unit communicate via DRIVE-CLIQ.

The operating modes "parallel connection" and "master/slave connection" of the power units
are described in this manual in Section "Function modules (Page 417)".
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211 Active Infeed closed-loop control booksize

| Line supply |
l

l Main switch |

[

| Fuses |

[

| Line contactor |
(optional)

Voltage Sensing

Module (optional) Actual
I values

Control Unit | Line filter (optional) |
[

Line reactor/
Active Interface

Firmware

Module Temperature for
fictive Active Interface
Infeed —Manipulated variables ] Modules

\\_ Actual ValueS'! Active Line Module
DRIVE-CLIQ [
DC link |

Figure 2-1 Schematic structure of Active Infeed booksize

Active Infeed closed-loop control for Active Line Modules booksize

The Active Line Module can be operated in two different modes depending on the
parameterized line supply voltage (p0210):

® Active Mode

In the Active Mode, the DC link voltage is regulated to a variable setpoint (p3510) which
results in a sinusoidal line current (cos ¢ = 1). The level of the reactive current is also
controlled and can be specifically defined.

® Smart Mode

Energy recovery capability is maintained in Smart Mode, although there is a lower DC link
voltage in comparison to the Active Mode. The DC link voltage is dependent on the
current line voltage.

The Extended Smart Mode can be activated as an option (see Chapter "Extended Smart
Mode (Page 43)")
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The DC link voltage setpoint (p3510) and the control type are preset as follows during
commissioning in line with the connection voltage (p0210):

Table 2-1 Presetting the control type and DC link voltage booksize

Supply voltage p0210 [V] 380...400 | 401...415 416...440 ‘ 460 ‘ 480

Control type p3400.0 "0" = Active Mode "1" = Smart Mode

Vdc_set p3510 [V]

600 | 625 562-504) | 6210 | 648

1) Voltages specified for the Smart Mode are derived from the rectified line supply voltage. The DC link voltage setpoint
(p3510) has no effect in this control mode.

The closed-loop controlled mode of booksize power units for p0210 > 415 V can be enabled
if the maximum stationary DC link voltage (p0280) is increased as follows: p0280 = 1.5 -
p0210 and p0280 > 660 V.

In this case, the setpoint of the DC link voltage p3510 is not adapted automatically. p3510 =
1.5 - p0210 is recommended. The voltage-controlled operation is activated with p3400.0 = 0
and p3400.3 = 1.

Voltage Sensing Module 10 (VSM10) used with S120 Active Line Module

Commissioning

30

Using a "Voltage Sensing Module 10" (VSM10) to sense the line voltage, drives can also be
operated in systems with significant frequency fluctuations beyond the range defined in

IEC 61000-2-4 if certain supplementary conditions are met. Significant frequency fluctuations
may occur, e.g. in (isolated) diesel-electric systems but not in large interconnected systems
such as the European interconnected supply network.

In non-European countries, e.g. in countries with power distribution over a wide geographical
region

(countries with a large surface such as Australia, USA, China), line voltage dips occur more
frequently, the dips are somewhat lower and, above all, they can occur for longer periods of
time up to several seconds. In such line systems, the use of the Voltage Sensing Module is
urgently recommended.

During commissioning, the device supply voltage (p0210) and the selection of an optional
line filter (p0220) must be parameterized.

Following automatic commissioning, the appropriate filter for the matching Active Interface
Module is preset as the line filter. If the drive line-up is set up differently, then the line filter
type must be adjusted using p0220.

When it is first switched on with a new/modified network, an automatic controller setting must
be implemented using the line and DC link identification routine (p3410).

While the identification routine is running, it is not permissible that other loads are switched-
in/switched-out.
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Note

In a supply system without regenerative feedback capability (e.g. generators), regenerative
operation must be inhibited via the binector input p3533.

Note

When a Wideband Line Filter is connected, it must be parameterized with p0220 = 1...5. The
temperature sensor must be connected to terminal X21 of the Active Line Module.

The DC link voltage (p3510) can be set within the following limits:
e Upper limit:

— Maximum DC link voltage (p0280)

— Product of line voltage (p0210) and max. step-up factor (r3508)
® Lower limit: Supply voltage (p0210) multiplied by 1.42

2.1.2 Active Infeed closed-loop control chassis
| Line supply ‘
I
| Main switch ‘
I
| Fuses ‘
Control Unit

[
Active Interface Module
Precharging
Line filter
Line reactor

Firmware

ot — Line supply data olaie e e
ctive )
Infeed Manipulated I
variables _ ‘
Control \Actual values Active Line Module
-
DRIVE-CLIQ I

DC link

Figure 2-2  Schematic structure of Active Infeed chassis

Operating mode of Active Infeed closed-loop control for Active Line Modules chassis.
Active Line Modules chassis only function in Active Mode.

In the Active Mode, the DC link voltage is regulated to a variable setpoint (p3510) which
results in a sinusoidal line current (cos ¢ = 1).

The DC link voltage setpoint (p3510) is preset depending on the supply voltage (p0210)
using the equation p3510 = 1.5 - p0210.
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Commissioning

The device supply voltage (p0210) must be parameterized during commissioning. The
necessary line filter (p0220) is preset.

When it is first switched on with a new/modified network, an automatic controller setting
should be implemented using the line / DC link identification routine (p3410).

While the identification routine is running, it is not permissible that other loads are switched-
in/switched-out.

Note

In a supply system without regenerative feedback capability (e.g. generators), regenerative
operation must be inhibited via the binector input p3533.

The DC link voltage (p3510) can be set within the following limits:
e Upper limit:
— Maximum DC link voltage (p0280)
— Product of the supply voltage (p0210) and step-up factor (max. p3508 = 2.00)
e | ower limit: Supply voltage (p0210) multiplied by 1.42
For the DC link voltage, the following values apply for chassis units (p0280):

Device voltage Default setting Minimum Maximum
380...480V 750 V 50V 785V
500 ... 690 V 0.875 - p0210 + 502 V 50V 1130 V
NOTICE

Overheating of the components

An excessively high step-up factor for Active Line Modules Chassis can overheat and
destroy components.

e Set the step-up factor to a maximum value of 2.00.

2.1.3 Line supply and DC link identification

32

The characteristic line supply and DC link quantities are determined using the automatic
parameter identification routine. They provide the basis to optimally set the controllers in the
Line Module.

An optimal setting of the current and voltage control is achieved with the line supply and DC
link identification routine. The dynamic response of the current control can be adjusted with
p3560.
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Note

Repetition of the supply / DC link identification

If the line supply environment or the components connected to the DC link change (e.g. after
installation of the equipment at the customer's site or after expanding the drive line-up), the

line supply / DC link identification routine should be repeated with p3410 = 5. Only then can
it be guaranteed that the infeed operates with the optimum controller settings.

When the identification function is activated, alarm A06400 is output.

Note

While the identification routine is running, it is not permissible that other loads are switched-
in/switched-out.

Identification methods
For additional identification methods, see the SINAMICS S120/S150 List Manual.
® p3410 = 4: Identify and save controller setting with L adaptation

An identification run for the total inductance and DC link capacitance is initiated when the
pulses are next enabled (2 measuring routines with different current magnitudes). Data
determined during identification (r3411 and r3412) is entered into p3421 and p3422 and
the controller is recalculated. At the same time, the parameters for current controller
adaptation are determined (p3620, p3622). All infeed parameters are then automatically
stored in non-volatile memory.

The infeed continues to operate without interruption on the new controller parameters.

® p3410 = 5: Reset, save controller setting with L adaptation

The same measurements and write operations are always carried out for p3410 = 4.
Before the first identification run, however, the parameter values for line inductance and
DC link capacitance are reset (p3421 = p0223 and p3422 = p0227).

p3410 is automatically set to 0 when one of the two identification routines (p3410 = 4 or
p3410 = 5) completes successfully.

Note
Identification using p3410 = 5 should preferably be used.

It may be necessary to reset the closed-loop controller to the factory settings if an
identification run was unsuccessful, for example.
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2.1 Active Infeed

21.4

Active Infeed open-loop control

The Active Line Module can be controlled via the BICO interconnection using terminals or
the fieldbus. The operating status is indicated on the operating display r0002. The missing
enable signals for operation (r0002 = 00) are mapped in parameter r0046. The EP terminals
(enable pulses) must be connected in accordance with the manual of the corresponding
power units. The drive unit must have been commissioned for the first time.

Acknowledging faults

Faults that are still present but the causes of which have been rectified can be
acknowledged using a 0/1 edge at the "1st acknowledge faults" signal (p2103).

Switching on the Active Line Module

34
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Figure 2-3  Active Infeed power-up
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Note

Under the condition that the drive system was commissioned with STARTER and no
PROFIdrive telegram was activated, the infeed can be switched on by issuing an enable

signal at the EP terminals and a positive signal edge at OFF1 (p0840).

Switching off the Active Line Module

The Active Line Module is switched off by the same procedure used to switch it on, but in the
reverse order. However, there is no precharging at switch off.

Switching off the controller with the OFF1 signal is delayed by the time entered in p3490.
This allows the attached drives to be braked in a controlled manner. Before the infeed is
switched off, the drives connected to the DC link should be in pulse inhibit mode.

Control and status messages

Table 2-2  Active Infeed open-loop control
Signal name Internal control Binector input Display of internal PROFldrive telegram
word control word 370
ON/OFF1 STWAE.O p0840 ON/OFF1 r0898.0 E_STW1.0
OFF2 STWAE.1 p0844 1 OFF2 and r0898.1 E_STW1.1
p0845 2 OFF2
Enable operation STWAE.3 p0852 Enable operation | r0898.3 E_STW1.3
Disable motor opera- | STWAE.5 p3532 Disable motor r0898.5 E_STW1.5
tion operation
Inhibit regenerating STWAE.6 p3533 Inhibit regenerat- | r0898.6 E_STW1.6
ing
Acknowledge fault STWAE.7 p2103 1 Acknowledge or |r2138.7 E_STW1.7
p2104 2 Acknowledge or
p2105 3 Acknowledge
Master control by PLC | STWAE.10 p0854 Master control by | r0898.10 E_STW1.10
PLC

Table 2-3  Active Infeed status message

Signal name Internal status word Parameter PROFIdrive telegram 370
Ready to start ZSWAE.O r0899.0 E_ZSW1.0

Ready ZSWAE 1 r0899.1 E_ZSW1.1

Operation enabled ZSWAE.2 r0899.2 E_ZSW1.2

Fault active ZSWAE.3 r2139.3 E_ZSW1.3

No OFF2 active ZSWAE 4 r0899.4 E_ZSW1.4

Switching on inhibited ZSWAE.6 r0899.6 E_ZSW1.6

Alarm active ZSWAE.7 r2139.7 E_ZSW1.7
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Signal name Internal status word Parameter PROFIdrive telegram 370
Switch-on operation active | ZSWAE.8 r0899.8 E_ZSW1.8
Control requested ZSWAE.9 r0899.9 E_ZSW1.9
Precharging completed ZSWAE.11 r0899.11 E_ZSW1.11
Line contactor closed ZSWAE.12 r0899.12 E_ZSW1.12
21.5 Reactive current control

A reactive current setpoint can be set to compensate the reactive current or to stabilize the
line voltage in infeed mode. The total setpoint is the sum of the fixed setpoint p3610 and the
dynamic setpoint via the connector input p3611.

The direction of rotation of the line supply is compensated automatically with reactive
current control.

— A negative reactive current setpoint (r0076 < 0) causes an inductive reactive current
(overexcited operation, lower output voltage and or lagging current).

— A positive reactive current setpoint (r0076 > 0) generates a capacitive reactive current
(overexcited operation, high output voltage and/or leading current).

The closed-loop control limits the reactive current setpoint dynamically in such a way that
the sum of the active current setpoint and the reactive current setpoint does not exceed
the maximum device current.

The reactive current demand of a line filter selected in the configuration wizard is
automatically supplied by the Active Infeed Module. This means that the display value of
the current reactive current setpoint in r0075 no longer corresponds with the
parameterized total reactive current setpoint.

The reactive power setpoint of the Active Infeed Module with respect to the line supply
can be obtained by multiplying the parameterized total reactive current setpoint by
1.73 rated line voltage.

2.1.6 Harmonics controller

Harmonics in the line voltage cause harmonics in the line currents.

With the activation of the harmonics controller, the ALM generates a pulse pattern that
contains harmonic components in addition to the fundamental component. Ideally, the Active
Infeed now sets an equally large harmonic voltage to the harmonic voltage on the line side,
and does not consume any power for this harmonic. Despite the harmonic component of the
line voltage, the line current remains almost sinusoidal and does not load the line supply with
additional harmonic currents. However, the specific compensation of voltage harmonics to
improve the line supply quality is not possible.

36
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2.1 Active Infeed

Example: Setting the harmonics controller

21.7

The 5th and 7th harmonics harmonics are to be compensated.

Table 2- 4 Example parameters for the harmonics controller

Index p3624 p3625
[0] 5 100 %
[1] 7 100 %

The phase currents in parameter p0069[0 ... 2] (U, V, W) can be checked using the trace function of
the commissioning tool.

Parameterizable bandstop filters for Active Infeed Controls in chassis format

Parameterizable bandstop filters that can be used to dampen system resonance are
available for the current control loop. The main application for these bandstop filters is in
weak networks in which the resonance point of the line filter can drop to one quarter of the
controller frequency. Resonance effects in oscillating line supplies can be suppressed with
the aid of these bandstop filters.

"Additional closed-loop controls" function module

The bandstop filters are managed in the "Additional closed-loop controls" function module.

Activating the function module

1. Mark the infeed in the project navigator and open the "Properties" context menu.
The "Object properties" dialog then opens.

2. Click the "Function modules" tab.

3. Activate the "Additional closed-loop controls" function module in the function modules
selection with a mouse click.

Parameter r0108.03 indicates whether the function module has been activated.

Setting the bandstop filters

Because the same filter algorithms are involved, the settings of the bandstop filters are
always comparable with the settings of the current setpoint filters (see Section Current
setpoint filter (Page 99)).

To prevent resonance effects for nets with low short-circuit power (small RSC), a bandstop
filter (with defined notch depth) for approx. 0.25-fold controller frequency (see p0115) is
chosen typically. Appropriate values for the attenuation are preset for the numerator and the
denominator. Only the natural frequencies for the numerator and the denominator may need
to be adapted.
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2.1 Active Infeed

21.8

You can configure the bandstop filters for the Active Infeed using the following parameters:

Negative phase-sequence system control (p3639 ff)
Fixed setpoints (p2900 ff)
Output voltage setpoint filter; activation with p5200.0 = 1

Actual current value filter; activation with p5200.2 = 1

Vdc actual value filter; activation with p1656.4 = 1

Function diagrams and parameters

Function diagrams (see SINAMICS S120/S150 List Manual)

8910
8920

8940

8946

8964

Active Infeed overview

Active Infeed - Control word, sequence control, infeed

Active Infeed - controller modulation depth reserve / controller DC link voltage
(p3400.0 = 0)

Active Infeed - current precontrol / current controller / gating unit (p3400.0 = 0)

Active Infeed - signals and monitoring function, line frequency/Vdc monit.
(p3400.0 = 0)

Overview of important parameters (see SINAMICS S120/S150 List Manual)
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r0002 Infeed operating display

r0046.0...29 CO/BO: Missing enable signals

r00690...8] CO: Phase current actual value

p0210[0...1] Device supply voltage

p0220[0...1] Infeed line filter type

p0280 DC link voltage maximum steady-state
p0840 Bl: ON/OFF (OFF1)

p0844 Bl: No coast down / coast down (OFF2)
p0852 Bl: Enable operation / disable operation
r0898.0...10 CO/BO: Control word sequence control infeed
r0899.0...12 CO/BO: Status word sequence control infeed
r2138.7..15 CO/BO: Control word, faults/alarms
r2139.0...15 CO/BO: Status word, faults/alarms 1

Function Manual, 07/2018, 6SL3097-5AB00-0BP0



Infeed

p3400
r3405.0...7
p3410
r3411[0...1]
r3412[0...1]
p3508
p3510
p3533
p3560
p3610
p3611
p3624[0...1]
p3625[0...1]
r3626[0...1]

2.1 Active Infeed

Infeed configuration word

CO/BO: Infeed status word

Infeed identification method

Infeed inductance identified

Infeed DC link capacitance identified
Infeed step-up factor maximum

Infeed DC link voltage setpoint

Bl: Infeed, inhibit regenerative operation
Infeed Vdc controller proportional gain
Infeed reactive current fixed setpoint

Cl: Infeed reactive current supplementary setpoint
Infeed harmonics controller order

Infeed harmonics controller scaling

Infeed harmonics controller output

Parameterizable bandstop filters
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p1656
p1677
p1678
p1679
p1680
p1681
p2900
p2901
p5200
p5201
p5202
p5203
p5204
p5205
p5211
p5212
p5213
p5214
p5215

Signal filter activation

Vdc actual value filter 5 type

Vdc actual value filter 5 denominator natural frequency
Vdc actual value filter 5 denominator natural frequency
Vdc actual value filter 5 numerator natural frequency

Vdc actual value filter 5 numerator damping

CO: Fixed value 1 [%)] / fixed value 1 [%]

CO: Fixed value 2 [%] / fixed value 2 [%]

Signal filter activation

Output voltage setpoint filter 5 type

Output voltage setpoint filter 5 denominator natural frequency
Output voltage setpoint filter 5 denominator damping
Output voltage setpoint filter 5 numerator natural frequency
Output voltage setpoint filter 5 numerator damping

Current actual value filter 7 type

Current actual value filter 7 denominator natural frequency
Current actual value filter 7 denominator damping

Current actual value filter 7 numerator natural frequency

Current actual value filter 7 numerator damping
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2.2 Smart Infeed

2.2 Smart Infeed

Features
® For Smart Line Modules with a power = 16 kW
e Unregulated DC link voltage
® Regenerative feedback capability

Description

The firmware of the Smart Line Module is located on the assigned Control Unit. The Smart
Line Module and Control Unit communicate via DRIVE-CLIQ.

Line supply
I

Main switch

Fuses

Line contactor (optional)

Voltage sensing

Control Unit Module (optional) ]
( Firmware \ Line filter (optional)
[ Actual values
Smart Line reactor DRIVE-CLIQ
Infeed Manipulated [
—\ Vvariables
Control = \Actua| values Smart Line Module —
ke .
DRIVE-CLIQ I
\ J DC link

Figure 2-4  Schematic structure of Smart Infeed booksize
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2.2 Smart Infeed

‘ Line |
[

‘ Main switch |

|

‘ Fuses |

|

| Line contactor (optional) |

I

| Bypass contactor |

Control Unit I
‘ Line filter (optional) |

[ Firmware °\ ‘ | |

Line reactor

|

Manipulated Volta
! ge
Smart ) variables | smart Line Module | Sensing
Infeed | \ Actual values Module
Control =
DRIVE-CLIQ l
DC link

Figure 2-5  Schematic structure of Smart Infeed chassis

Commissioning
The device connection voltage (p0210) must be parameterized during commissioning.

The Extended Smart Mode can be activated as an option (see Chapter "Extended Smart
Mode (Page 43)")

Note

In a supply system without regenerative feedback capability (e.g. generators), the
regenerative operation of the infeed must be deactivated via the binector input p3533.

Smart Line Modules do not support kinetic buffering in generator mode.
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2.2.1 Line supply and DC link identification routine for Smart Infeed Booksize

The characteristic line supply and DC link quantities are determined using the automatic
parameter identification routine. They provide the basis to optimally set the controllers in the
Line Module.

Note

If the line supply environment or the components connected to the DC link change (e.g. after
installation of the equipment at the customer's site or after expanding the drive line-up), the
line supply / DC link identification routine should be repeated with p3410 = 5. Only then can
it be guaranteed that the infeed operates with an optimum controller setting.

When the identification function is activated, alarm A06400 is output.

Note

While the identification routine is running, it is not permissible that other loads are switched-
in/switched-out.

Note

The line supply and DC link identification routine is not permissible for Smart Line Modules of
the Chassis type.

Identification methods

Identification Description
method

p3410=4 An identification run for the total inductance and DC link capacitance is initiated
when the pulses are next enabled (2 measuring routines with different current mag-
nitudes). Data determined during the identification routine (r3411 and r3412) is
entered into p3421 and p3422 and the controller is recalculated. At the same time,
the parameters for current controller adaptation are determined (p6320, p6322). All
infeed parameters are then automatically stored in non-volatile memory.

The infeed continues to operate without interruption with the new controller parame-
ters.

p3410=5 The same measurements and write operations are always carried out for p3410 = 4.
Preferred However, before the first identification run, the parameter values for line inductance
and DC link capacitance are reset (p3421 = p0223 and p3422 = p0227) and the
coarse settings are made for the controller.

p3410 is automatically set to 0 when one of the two identification routines (p3410 = 4 or
p3410 = 5) is successfully completed.

For additional identification methods, see the SINAMICS S120/S150 List Manual.

It may be necessary to reset the closed-loop controller to the factory settings if an
identification run was unsuccessful, for example.
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222 Extended Smart Mode

The operating mode “Extended Smart Mode” represents and extension of the Smart Mode,
and facilitates a higher efficiency no-load operation and partial load operation as well as a
more rugged operating behavior:

® Significantly reduced reactive power drawn in no-load operation and partial load
operation.

At rated load or overload, the operating behavior is equivalent to the normal Smart Mode.
® More stable DC link voltage in no-load operation and partial load operation.

At rated load or overload, the operating behavior is equivalent to the normal Smart Mode.
® Increased degree of ruggedness with respect to brief line disturbances.

e After each POWER ON, automatic adaptation to the actual line parameters.

Note
Restriction

Extended Smart Mode does not work with a Smart Line Module (5 and 10 kW).

Activating the Extended Smart Mode
1. Precondition: The Smart Mode is active (p3400.0 = 1).
2. Activate the Extended Smart Mode with p3440.1 = 1.

All other adjustable parameters (p3441 and following) are appropriately preset for standard
applications, or are automatically optimized with the first operating enable (p3440.2 = 0).

2.2.3 Smart Infeed open-loop control

The Smart Line Module can be controlled via the BICO interconnection, e.g. using terminals
or the fieldbus. The operating status is indicated on the operating display r0002. The missing
enable signals for operation (r0002 = 00) are mapped in parameter r0046. The EP terminals
(enable pulses) must be connected in accordance with the manual of the corresponding
power units. The drive unit must have been commissioned for the first time.

Acknowledging faults

Faults that are still present but the causes of which have been rectified can be
acknowledged using a 0/1 edge at the "1st acknowledge faults" signal (p2103).
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2.2 Smart Infeed

Switching on the Smart Line Module

POWERON <1>

S1: Switching on inhibited
<> ZSWAE.6 =1 4x
ZSWAE.0/1/2=0 [<3>

"Commissioning completed"
(p0010 = 0 and p0009 = 0)
"0 = OFF1" (STWAE.0) —OQO
"0 = OFF2" (STWAE.1) p
24 V at EP terminals
Power unit

S2: Ready for switching on
<> ZSWAE.0O =1 32
ZSWAE.1/2/6 = 0 <3>

<3> Line contactor is open
Wait for switch on J

"0 = OFF1"
<2> (STWAE.O)

p0862 T o
Switch on }—b |—|

delay |

S3a: Line contactor [ 31
Switch on <3>

\_ Precharging /

S3: Ready \
ZSWAE.0/1 =1 21
<2> ZSWAE.2/6 =0 <3>

\ Line contactor is closed

"Enable operation" Py
(STWAE.3)
<1> POWER ON = 24 V electronics <2>
supply OFF --> ON or RESET button.

S4: Operation
<2> STWAE.xx = control word ZSWAE.0/1/2 =1 00
Sequence control infeed bit xx, <2>  ZQWAE.6=0 <3>
ZSWAE .xx = status word Pulses enabled
Sequence control infeed bit xx

<3> r0002 = status indicator

Figure 2-6 ~ Smart Infeed power-up
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2.2 Smart Infeed

Note

Under the condition that the drive system was commissioned with STARTER and no

PROFIdrive telegram was activated, the infeed can be powered up by issuing an enable

signal at the EP terminals and a positive signal edge at OFF1 (p0840).

Switching off the Smart Line Module

The Smart Line Module is switched off by the same procedure used to switch it on, but in the
reverse order.
However, there is no precharging at switch off.

Switching off the controller with the OFF1 signal is delayed by the time entered in p3490.
This allows the attached drives to be braked in a controlled manner.

Control and status messages

Table 2-5  Smart Infeed open-loop control
Signal name Internal Binector input Display of internal | PROFIdrive
control control word telegram 370
word
ON/OFF1 STWAE.O | p0840 BI: ON/OFF1 r0898.0 E_STW1.0
OFF2 STWAE.1 p0844 BIl: 1. OFF2 and r0898.1 E_STW1.1
p0845 BI: 2. OFF2
Enable operation STWAE.3 p0852 BIl: Enable operation r0898.3 E_STW1.3
Inhibit regenerating STWAE.6 p3533 BI: Infeed, inhibit regenerative | r0898.6 E_STW1.6
operation
Acknowledge fault STWAE.7 p2103 BI: 1. Acknowledge faults or r2138.7 E_STW1.7
p2104 BI: 2. Acknowledge faults or
p2105 BI: 3. Acknowledge faults
Master control by PLC | STWAE.10 | p0854 BIl: Master control by PLC r0898.10 E_STW1.10
Table 2-6  Smart Infeed status message
Signal name Internal status word Parameter PROFIdrive telegram 370
Ready to start ZSWAE.O r0899.0 E_ZSW1.0
Ready ZSWAE 1 r0899.1 E_ZSW1.1
Operation enabled ZSWAE.2 r0899.2 E_ZSW1.2
Fault active ZSWAE.3 r2139.3 E_ZSW1.3
No OFF2 active ZSWAE .4 r0899.4 E_ZSW1.4
Switching on inhibited ZSWAE.6 r0899.6 E_ZSW1.6
Alarm active ZSWAE.7 r2139.7 E_ZSW1.7
Control requested ZSWAE.9 r0899.9 E_ZSW1.9
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2.2 Smart Infeed
Signal name Internal status word Parameter PROFldrive telegram 370
Precharging completed ZSWAE.11 r0899.11 E_ZSW1.11
Line contactor closed ZSWAE.12 r0899.12 E_ZSW1.12

224

Function diagrams and parameters

Function diagrams (see SINAMICS S120/S150 List Manual)

e 8810
e 8820
e 8826
e 8828
e 8832
e 8838
e 8850
e 8860
o 8864

Smart Infeed overview

Smart Infeed - Control word, sequence control, infeed

Smart Infeed - Status word, sequence control, infeed

Smart Infeed - Status word, infeed

Smart Infeed - Sequencer

Smart Infeed - Missing enables, line contactor control

Smart Infeed - Interface to the Smart Infeed (control signals, actual values)
Smart Infeed - Signals and monitoring functions, line voltage monitoring

Smart Infeed - Signals and monitoring functions, line frequency and Vdc
monitoring

Overview of important parameters (see SINAMICS S120/S150 List Manual)
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e r0002
e r0046.0...
e p0210
e p0840
e p0844
e p0852
e r0898.0...
e r0899.0...
e r2138.7...
e r2139.0...
e p3400
e r3405.0...
e p3410
e p3421

29

10
12
15
15

7

Infeed operating display

CO/BO: Missing enable signals

Device supply voltage

Bl: ON/OFF (OFF1)

Bl: No coast down / coast down

Bl: Enable operation / disable operation
CO/BO: Control word sequence control infeed
CO/BO: Status word sequence control infeed
CO/BO: Control word, faults/alarms

CO/BO: Status word, faults/alarms 1

Infeed configuration word

CO/BO: Infeed status word

Infeed identification method

Infeed inductance
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o p3422 Infeed DC link capacitance
e p3440 Smart Mode configuration
e p3533 BI: Infeed, inhibit regenerative operation
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® For Basic Line Modules chassis and booksize

e Control of external braking resistors with 20 kW and 40 kW Basic Line Modules (with

2.3 Basic Infeed
2.3 Basic Infeed
Features
e Unregulated DC link voltage
temperature monitoring)
Description

48

The Basic Infeed open-loop control can be used to switch on/off the Basic Line Module. The
Basic Line Module is an unregulated infeed unit without regenerative feedback capability.

The open-loop control firmware for the Basic Line Module is on the assigned Control Unit.
The Basic Line Module and Control Unit communicate via DRIVE-CLIQ.

Control Unit

/  Firmware \

Basic

Line supply

Main switch

Fuses

Line contactor (optional)

Line filter (optional)

Line reactor

_\(Ianipulated variabIeE

Infeed

\ Actual values

Control [«

L 4

Figure 2-7

—
DRIVE-CLIQ

Basic Line Module

Temperature
Braking resistor

at 20 kW and 40 kW
Braking Module

DC link

Schematic structure of Basic Infeed booksize

Braking resistor (optional)
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2.3 Basic Infeed
Line supply
l
Main switch
|
Fuses
I
Line contactor (optional)
Control Unit |
Line filter (optional)
/ Firmware [
Line reactor
Basic . . [
—Manipulated vanableﬁ Braki
Infeed o 2 . . .
\ Actual values Basic Line Module |Module ——{ Braking resistor (optional)
Control [« = (optional)
DRIVE-CLIQ [
\ J DC link

Figure 2-8  Schematic structure of Basic Infeed chassis

Commissioning
The rated line voltage (p0210) must be parameterized during commissioning.

For the 20 kW and 40 kW Basic Line Modules booksize, the temperature switch of the
external braking resistor must be connected to X21 on the Basic Line Module.

If a braking resistor has not been connected for 20 kW and 40 kW Basic Line Modules
booksize, the Braking Module must be deactivated via p3680 = 1.

An optional Braking Module can be externally mounted on the Basic Line Module chassis. A
braking resistor must then be connected to the Braking Module.

If several Motor Modules are supplied from a non-regenerative infeed unit (e.g. a Basic Line
Module), or for power failure or overload (for SLM/ALM), the V4c_max control may only be
activated for a Motor Module whose drive should have a high moment of inertia.

For the other Motor Modules this function must be disabled or monitoring must be set.

If the Vac_maxcontrol is active for several Motor Modules, then for an unfavorable
parameterization, the controllers can mutually influence one another negatively. The drives
can become unstable, individual drives can unintentionally accelerate.
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2.3 Basic Infeed

2.3.1

Remedial measures:
® activate the Vac_max control:
— Vector control: p1240 = 1 (factory setting)
— Servo control: p1240 =1
— U/f control: p1280 = 1 (factory setting)
® Inhibit Vac_max control:
— Vector control: p1240 =0
— Servo control: p1240 = 0 (factory setting)
— Ul/f control: p1280 =0
® Activate the Vdc_max monitoring
— Vector control: p1240 =4 or 6
— Servo control: p1240 =4 or 6
— Ulff control: p1280 =4 or 6

/N\WARNING

Unexpected motion of individual drives

If several Motor Modules are supplied from one infeed unit, then if the Vac_maxcontrol is
incorrectly parameterized, individual drives can accelerate in an uncontrolled fashion -
which can lead to death or severe injury.

¢ Only activate the Vdc_max control for the Motor Module whose drive has the highest
moment of inertia.

¢ Inhibit this function for all other Motor Modules, or set this function to monitoring only.

Basic Infeed open-loop control

The Basic Line Module can be controlled via a BICO interconnection, e.g. using terminals or
fieldbus. The operating status is indicated on the operating display r0002. The missing
enable signals for operation (r0002 = 00) are mapped in parameter r0046. The EP terminals
(enable pulses) must be connected in accordance with the manual of the corresponding
power units.

Acknowledging faults

50

Faults that are still present but the causes of which have been rectified can be
acknowledged using a 0/1 edge at the "1st acknowledge faults" signal (p2103).
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Switching on the Basic Line Module

POWER ON <1>

|

S1: Switching on inhibited
= 4
<o> ZSWAE.6=1 <3X>
ZSWAE.0/1/2=0

"Commissioning completed"
(p0010 = 0 and p0009 = 0)
"0 = OFF1" (STWAE.0) —(
"0 = OFF2" (STWAE.1) p

24 V at EP terminals

Power unit

ZSWAE.1/2/6 =0 |<3>
Line contactor is open )
Wait for switch-on

S2: Ready for switching on
<> ZSWAE.O =1 32

"0=OFF1 o
<2> (STWAE.O

I
p0862
Switch on }—b ’u{

delay

(" s3a: Close line [37) <1> POWER ON =24V electronics
contactor <3> supply OFF --> ON or RESET button.

\_ Precharging )
\

<2> STWAE.xx = control word
Sequence control infeed bit xx,

4 ZSS\?V AOEpS/r:\ /t|20n 1 ZSWAE.xx = status word

<2> " ZSWAE.6 = 6 <3> Sequence control infeed bit xx

Pulses and controller enabled,

<3> r0002 = operating display
\_ Vdc ramped up J

Figure 2-9  Basic Infeed power-up

2.3 Basic Infeed

Note

Under the condition that the drive system was commissioned with STARTER and no
PROFIdrive telegram was activated, the infeed can be powered up by issuing an enable

signal at the EP terminals and a positive signal edge at OFF1 (p0840).

Switching off the Basic Line Module

For switching off, carry out the steps for switching on in the reverse order. However, there is

no pre-charging at switch off.
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2.3 Basic Infeed

Control and status messages

Table 2-7 Basic Infeed open-loop control

Signal name Internal Binector input Display of internal | PROFIdrive tele-
control word control word gram 370
ON/OFF1 STWAE.O p0840 Bl: ON/OFF1 r0898.0 E_STW1.0
OC/OFF2 STWAE.1 p0844 BI: 1st OFF2 and r0898.1 E_STW1.1
p0845 BIl: 2nd OFF2
Acknowledge fault STWAE.7 p2103 BI: 1st acknowledge faults or r2138.7 E_STW1.7
p2104 Bl: 2nd acknowledge faults or
p2105 BI: 3rd acknowledge faults
Master control by PLC | STWAE.10 | p0854 BI: Master control by PLC r0898.10 E_STW1.10

Table 2- 8 Basic Infeed status message

Signal name Internal status word Parameter PROFldrive telegram 370
Ready to start ZSWAE.O r0899.0 E_ZSW1.0
Ready ZSWAE.1 r0899.1 E_ZSW1.1
Operation enabled ZSWAE.2 r0899.2 E_ZSW1.2
Fault active ZSWAE.3 r2139.3 E_ZSW1.3
No OFF2 active ZSWAE .4 r0899.4 E_ZSW1.4
Switching on inhibited ZSWAE.6 r0899.6 E_ZSW1.6
Alarm active ZSWAE.7 r2139.7 E_ZSW1.7
Control requested ZSWAE.9 r0899.9 E_ZSW1.9
Pre-charging completed ZSWAE.11 r0899.11 E_ZSW1.11
Line contactor closed ZSWAE.12 r0899.12 E_ZSW1.12
2.3.2 Function diagrams and parameters

Function diagrams (see SINAMICS S120/S150 List Manual)

e 8710 Basic Infeed overview

e 8720 Basic Infeed - Control word, sequence control, infeed

e 8726 Basic Infeed - Status word, sequence control, infeed

e 8732 Basic Infeed - Sequencer

o 8738 Basic Infeed - Missing enables, line contactor control

e 8750 Basic Infeed - Interface to the Basic Infeed power unit (control signals,
actual values)

e 8760 Basic Infeed - Signals and monitoring functions (p3400.0 = 0)
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2.3 Basic Infeed

Overview of important parameters (see SINAMICS S120/S150 List Manual)

e 10002

e r0046.0...

e p0210
e p0840
e p0844

e r0898.0...
e r0899.0...
e p12400..
 p1280]0..
e r2138.7...
e r2139.0...

e p3680

29

10
12
.n]
.n]
15
15

Infeed operating display

CO/BO: Missing enable signals

Device supply voltage

Bl: ON/OFF (OFF1)

Bl: No coast down / coast down (OFF2)
CO/BO: Control word sequence control infeed
CO/BO: Status word sequence control infeed
Vdc controller or Vdc monitoring configuration
Vdc controller or Vdc monitoring configuration (V/f)
CO/BO: Control word, faults/alarms

CO/BO: Status word, faults/alarms 1

Bl: Inhibit Braking Module internally
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2.4 Line contactor control

2.4 Line contactor control

This function can be used to control an external line contactor. Opening and closing the line
contactor can be monitored by evaluating the feedback contact in the line contactor.

The line contactor can be controlled via r0863.1 with the following drive objects:
e for the INFEED drive object
e for the SERVO and VECTOR drive objects

Note

Further information on the line connection can be found in the manuals:

Example of commissioning line contactor control

Assumption:
® Line contactor control via a digital output of the Control Unit (DI/DO 8)

® Line contactor feedback via a digital input of the Control Unit (DI/DO 9)

® Line contactor switching time less than 100 ms

L1

1 } L3
Line connection

as output DI/DO8
p0728.8 = 1 X122.7
<1>

— o »[0863.1) Jp0738 = r0863.1—O—

Close line contactor DIDO 9 L)
Line contactor X122.8
Line Feedback signal | | |
contactor ¢ {p0860 = 0722.9C (10722.9 | O
closed p0861 = 1 1
100 ms

Active Line Module

-

; Fault

!
ﬂ\

|
L

- » F07300
"Line contactor
feedback signal
; missing"
&
g <1> The load capability of the outputs
must be taken into consideration. It is
1 possible that a contactor relay must
L=} be used
&

Figure 2-10 Line contactor control
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2.4 Line contactor control/

Commissioning steps:

1.

o gk~ w0 N

Connect the line contactor control contact to DI/DO 8

Note

The current-carrying capacity of the digital output must be observed (see SINAMICS
S120 Control Units and Supplementary System Components Manual). A contactor relay
may be required!

Parameterize DI/DO 8 as output (p0728.8 = 1).

Assign parameter p0738 the control signal for the line contactor r0863.1
Connect the line contactor feedback contact to DI/DO 9.

Assign p0860 with input signal r0722.9.

Enter the monitoring time for the line contactor (100 ms) in p0861.

Function diagrams (see SINAMICS S120/S150 List Manual)

8938 Active Infeed - Missing enables, line contactor control

Overview of important parameters (see SINAMICS S120/S150 List Manual)

p0860 BI: Line contactor, feedback signal

r0863.0...2  CO/BO: Drive coupling status word / control word
p0867 Power section main contactor hold time after OFF1
p0869 Configuration sequence control
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2.5 Precharging and bypass contactor chassis

2.5

Precharging and bypass contactor chassis

Precharging is the procedure for charging the DC link capacitors via resistors. Precharging is
carried out from the feeding supply network. The precharging input circuit limits the charging
current of the DC link capacitors.

The precharging input circuit for Active and Smart Infeed in the chassis design comprises a
precharging contactor with precharging resistors and a bypass contactor. The Active Line
Module controls the precharging input circuit in the Active Interface Module via terminals.

The precharging input circuit in the Active Interface Module of module types Fl and Gl
contains the bypass contactor. The bypass contactor must be provided separately for frame
sizes HIl and JI.

With the Smart Line Module, precharging is integrated in the Smart Line Module itself,
although the bypass contactor must be provided externally.

For thyristor BLMs, the integrated thyristors are switched instead of a bypass contactor. For
diode BLMs, the bypass contactor is implemented as circuit breaker.

Further information:
o SINAMICS S120 Manual for Chassis Power Units, Air-cooled

Procedure during power ON/OFF

56

Power ON:

e The precharging contactor is closed and the DC link is charged via the precharging
resistors.

® Once precharging is complete, the bypass contactor is closed and the precharging
contactor opened. The DC link is precharged and ready for operation. If precharging
could not be completed, fault FO6000 is output.

Power OFF:

® The pulses are inhibited and the bypass contactor is then opened.
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3.1

Fundamentals

In servo control, the extended setpoint channel is deactivated through the factory setting. If
an extended setpoint channel is required, it has to be activated (see Chapter "Activating the
function module for servo control (Page 57)").

The extended setpoint channel is always activated in vector control.

Properties of servo control without the "extended setpoint channel" function module

3.1.1

® The setpoint is directly interconnected to p1155[D] (e.g. from a higher-level controller or
technology controller)

® Dynamic Servo Control (DSC) only

When using DSC, the "extended setpoint channel" is not used. This unnecessarily uses
the computation time of the Control Unit and, for servo control, can be deactivated.

® Deceleration ramp OFF1 via p1121[D]

The deceleration ramp in p1121 is also effective when the "Extended setpoint channel” is
deactivated.

® Deceleration ramp OFF3 via p1135[D]
® For PROFIdrive telegrams 2 to 103 and 999 only (free assignment)

® STW 1 bit 5 (freeze ramp-function generator), no function

Activating the function module for servo control

In servo control, the "extended setpoint channel" function module can be activated via the
commissioning wizard or the drive configuration (configure DDS).

You can check the current configuration in parameter r0108.8. Once you have set the
configuration, you have to download it to the Control Unit where it is stored in a non-volatile
memory (see the SINAMICS S120 Commissioning Manual with STARTER).

Note

When the "extended setpoint channel" function module for servo control is activated, under
certain circumstances, the number of drives in the multi-axis group that can be controlled
from a Control Unit is reduced.

Function Manual, 07/2018, 6SL3097-5AB00-0BP0 57



Extended setpoint channel

3.7 Fundamentals

3.1.2

Description

In the extended setpoint channel, setpoints from the setpoint source are conditioned for

motor control.

The setpoint for the motor control can also come from the technology controller (see Chapter

"Technology controller (Page 419)").

Setpoint sources

Motorized Analog Fixed speed Fieldbus Jog
potentiometer inputs setpoints
i i i i i
S - S S
A 4 A 4

Main setpoint

Supplementary
setpoint

H

rl

setpoint scaling

Main/supplementary setpoint,

Setpoint channel

v

Direction limiting
direction reversal

v

Skip frequency bands
setpoint limiting

v

Ramp-function generator

Motor control
Servo/vector

Motor control

v

Figure 3-1 Extended setpoint channel

Properties of the extended setpoint channel

Setpoint sources

58

e Main/supplementary setpoint, setpoint scaling

® Direction limitation and direction reversal

® Suppression bandwidths and setpoint limitation

® Ramp-function generator

The closed-loop control setpoint can be interconnected from various sources using BICO
technology, e.g. at p1070 CI: Main setpoint (see function diagram 3030)).

There are various options for setpoint input:
® Fixed speed setpoints

® Motorized potentiometer
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3.7 Fundamentals

e Jog
® Fieldbus
— Setpoint via PROFIBUS, for example
® Analog inputs of the following exemplary components:
— e.g. Terminal Board 30 (TB30)
— e.g. Terminal Module 31 (TM31)
— e.g. Terminal Module 41 (TM41)
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3.2 Moftorized potentiometer

3.2 Motorized potentiometer
This function is used to simulate an electromechanical potentiometer for setpoint input.

You can switch between manual and automatic mode for setpoint input. The specified
setpoint is routed to an internal ramp-function generator. Setting values, start values and
braking with OFF1 do not require the ramp-function generator of the motorized
potentiometer.

The output of the ramp-function generator for the motorized potentiometer is available for
further interconnection via a connector output (e.g. interconnection to connector input p1070
- Cl: Main setpoint, an additional ramp-function generator is then active).

Properties for manual mode (p1041 = 0)

e Separate binector inputs for Raise and Lower are used to adjust the input setpoint:
— p1035 BIl: Motorized potentiometer, setpoint, raise
— p1036 BIl: Motorized potentiometer, setpoint, lower

® |nvert setpoint (p1039)

® Configurable ramp-function generator, e.g.:
— Ramp-up/ramp-down time (p1047/p1048) referred to p1082
— Setting value (p1043/p1044)
— Activate/deactivate initial rounding (p1030.2 = 1/0)

® Non-volatile storage of the setpoints via p1030.3 = 1

e Configurable setpoint for Power ON (p1030.0)
— Starting value is the value in p1040 (p1030.0 = 0)
— Starting value is the stored value (p1030.0 = 1)

Properties for automatic mode (p1041 = 1)
e The input setpoint is specified via a connector input (p1042).
® The motorized potentiometer acts like a "normal" ramp-function generator.
® Configurable ramp-function generator, e.g.:
— Activate/deactivate (p1030.1 = 1/0)
— Ramp-up/ramp-down time (p1047/p1048)
— Setting value (p1043/p1044)
— Activate/deactivate initial rounding (p1030.2 = 1/0)
® Non-volatile storage of the setpoints via p1030.3 = 1
e Configurable setpoint for Power ON (p1030.0)
— Starting value is the value in p1040 (p1030.0 = 0)
— Starting value is the stored value (p1030.0 = 1)
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Parameterization with STARTER

3.2 Moftorized potentiometer

In the STARTER commissioning tool, the "Motorized potentiometer" parameter screen in the
project navigator under the relevant drive is activated by double-clicking "Setpoint channel" >
"Motorized potentiometer".

Function diagrams (see SINAMICS S120/S150 List Manual)

e 3001
e 2501
e 3020

Setpoint channel overview
Internal control/status words - Control word, sequence control

Setpoint channel - Motorized potentiometer

Overview of important parameters (see SINAMICS S120/S150 List Manual)

e p1030]0..
e p10350..
« p1036]0..
« p10370..
 p10380..
e p10390..
e p10400..
e p10410..
e p10420..
e« p1043[0..
e p1044]0..

e 11045

e p1047[0..
e p1048[0..

e r1050

e p1082[0..
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.n]
.n]
.n]
.n]
.n]
.n]

.n]

.n]

.n]

.n]

Motorized potentiometer configuration

Bl: Motorized potentiometer, setpoint, raise

Bl: Motorized potentiometer, setpoint, lower
Motorized potentiometer, maximum speed
Motorized potentiometer, minimum speed

Bl: Motorized potentiometer, inversion
Motorized potentiometer start value

Bl: Motorized potentiometer, manual/automatic
Cl: Motorized potentiometer, automatic setpoint
Bl: Motorized potentiometer, accept setting value
Cl: Motorized potentiometer, setting value

CO: Motorized potentiometer, speed setpoint in front of the ramp-
function generator

Motorized potentiometer, ramp-up time
Motorized potentiometer, ramp-down time

CO: Motorized potentiometer, setpoint after the ramp-function gener-
ator

Maximum speed
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3.3 Fixed sefpoints

3.3 Fixed setpoints

This function can be used to specify preset speed setpoints. These fixed setpoints are
defined using parameters and selected via binector inputs. Both the individual fixed setpoints
and the effective fixed setpoint are available for further interconnection via a connector
output (e.g. to connector input p1070 - Cl: Main setpoint).

Properties
e Number of fixed setpoints: Fixed setpoint 1 to 15
e Selection of fixed setpoints: Binector input bits 0 to 3
— Binector input bits 0, 1, 2 and 3 = 0 - setpoint = 0 active

— Unused binector inputs have the same effect as a "0" signal

Parameterization with STARTER

In the STARTER commissioning tool, the "Fixed setpoints" parameterizing screen form in the
project navigator under the relevant drive is called by double-clicking "Setpoint channel" >
"Fixed setpoints".

Function diagrams (see SINAMICS S120/S150 List Manual)

e 3001 Setpoint channel overview

e 3010 Setpoint channel - Fixed speed setpoints

Overview of important parameters (see SINAMICS S120/S150 List Manual)

e p1001[0...n] CO: Fixed speed setpoint 1

e p1015[0...n] CO: Fixed speed setpoint 15

e p1020[0...n] Bl: Fixed speed setpoint selection Bit 0
e p1021[0...n] Bl: Fixed speed setpoint selection Bit 1
e p1022[0...n] Bl: Fixed speed setpoint selection Bit 2
e p1023[0...n] Bl: Fixed speed setpoint selection Bit 3
e 11024 CO: Fixed speed setpoint effective

e 11197 Current fixed speed setpoint number
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3.4 Speed selpoint

3.4 Speed setpoint

3.4.1 Main/supplementary setpoint and setpoint scaling

The supplementary setpoint can be used to incorporate correction values from lower-level
controllers. This can be easily carried out using the addition point for the

main/supplementary setpoint in the setpoint channel. Both variables are imported via two
separate sources and added in the setpoint channel.

Scaling
main setpoint
> ()]
Main setpoint‘
p1070[C] ‘
() . >
Supplementary +
setpoint
[p1075[C] ]
© »x] - o7 >

Scaling

) Direction limitation
supplementary setpoint

Direction reversal

v

Skip frequency bands
Setpoint limitation

v

| Ramp-function generator l

v

| Motor control |

Figure 3-2  Setpoint addition, setpoint scaling

Parameterization with STARTER

The "Speed setpoint" parameterizing screen form is selected with the & icon in the toolbar
of the STARTER commissioning tool.

Function diagrams (see SINAMICS S120/S150 List Manual)

e 3001 Setpoint channel overview

e 3030 Setpoint channel - Main setpoint / supplementary setpoint, setpoint scaling,
jogging
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3.4 Speed selpoint

Overview of important parameters (see SINAMICS S120/S150 List Manual)

e p1070[0...n] ClI: Main setpoint

e p1071[0...n] Cl: Main setpoint scaling

e 11073 CO: Main setpoint effective

e p1075[0...n] ClI: Supplementary setpoint

e p1076[0...n] Cl: Supplementary setpoint scaling

e 11077 CO: Supplementary setpoint effective
e 11078 CO: Total setpoint effective
3.4.2 Jogging

The "Jog" function is typically used to slowly move a machine part, e.g. a conveyor belt. The
"Jog mode" can also be used to move a drive into the required position independent of the
sequence.

The jog mode can be selected via digital inputs or fieldbus (e.g. PROFIBUS). This means
that the setpoint is specified via p1058[0...n] and p1059[0...n].

When a jog signal is present, the motor is accelerated to the jog setpoint with the
acceleration ramp of the ramp-function generator (referred to the maximum speed p1082;
see figure "Flow diagram: Jog 1 and jog 2"). After the jog signal has been deselected, the
motor is decelerated via the set ramp of the ramp-function generator.

Note

The "Jog" function is not PROFIdrive-compliant!

signal | T | —| e
Jogging — 1 b——rl i : : .
signal | | |' — ] |—|' ' |
ON/OFF1 | . . . | .

Total setpoint
effective (r1078)

Enter setpoint I . | |
effective I L !

Figure 3-3  Flow diagram: Jog and OFF1
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Properties

3.4 Speed selpoint

g

Jog 1
0"

v

Digital Input

g

Fieldbus Jog 2

v

p1056 "o"
O

p1082 -4

p1058 J \

v

p1059 5 == = I: =
-p1082 S HAS S
a a a a

Figure 3-4  Flow diagram: Jog 1 and jog 2

If both jog signals are issued at the same time, the current speed is maintained (constant
speed phase).

Jog setpoints are approached and exited via the ramp-function generator.
Jog is possible from the "Ready to start" state.

If ON/JOFF1 ="1" and jog are selected simultaneously, ON/OFF1 has priority.
Therefore ON/OFF1 = "1" must not be active for jog to be activated.

OFF2 and OFF3 have priority over jog.

The switch-on command is issued via p1055 and p1056.

The jog speed is defined via p1058 and p1059.

The following applies in "Jog mode";

— The main speed setpoints (r1078) are disabled.

— The supplementary setpoint 1 (p1155) is disabled.

— The supplementary setpoint 2 (p1160) is forwarded and added to the current speed.

The suppression bandwidths (p1091 ... p1094) and the minimum limit (p1080) in the
setpoint channel are also active in Jog mode.

The ramp-function generator cannot be frozen (via p1141) in Jog mode (r0046.31 = 1).
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3.4 Speed selpoint

Sequence

POWER ON

1: Switching on inhibited
1> ZSWAE.06 = 1
ZSWAE.11=0
ZSWAE.0/1/2 =0

"Commissioning completed" L 7
(p0010 = 0 and p0009 =0) —
"0 = OFF1" (STWAE.0) ¢ &

"0 = OFF2" (STWAE.1) <1>_ "0 = Coast down" (STWA.01)
STO selected — r0046.8 EP terminal enable missing |2 1
v [FP2634] y Y
(S2: Ready for switchingﬂ
<1> ZSWA.00 =1 31
ZSWA11=0 2> Drive at standstill
- Line contactor open
- Wait for jog
¢ J
Jogging 1 ; HW pulse enable &
(STWA.08) <1> [ 1 [FP2701.8] [FP2711.8]
Jogging 2 Drive at
(STWA.09) standstill
—_ S3:Ready Read _S5c: Jogging
ZSWA 00/01 = 1 __downramp
<1> ZSWA11 = 2% ZSWA.00/01 =1
"Enable operation" (STWA.03) ZSWA.02/06 = 0 <2> ZSWA.11=1
Closed line contactor ZSWA.02/06 =0
Wait for precharging dov
ramp- utrg)c::T: enerator
<1> * then inhibit pulses
"Enable operation" (STWA.03)
"Ready" from Motor Module (r0863.0)
Demagnetization completed & Jogging 1 —] Jogging 1 —d
{r0046.27 = 0) >1 Jogging 2 — &
Infeed ready Jogging 2 —] Jog mode —
{p0864) ©°99ing

v

S4. Operation
ZSWA.00/01/02 = 1
<1> ZSWA11=1 00
ZSWA.06 =0 <2>
- Pulses enabled
- Controller enabled
- Enable associated jog setpoint

<1> STWA.xx = control word sequence control bit xx (r0899);
ZSWA .xx = status word sequence control bit xx (r0898).
<2> r0002 = status indicator

Figure 3-5  Jog sequence
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3.4 Speed selpoint
Control and status messages

Table 3-1 Jog control

Signal name Internal control | Binector input PROFIdrive/Siemens

word telegram 1 ... 352
0 = OFF1 STWA.O p0840 Bl: ON/OFF1 STW1.0
0 =OFF2 STWA.1 p0844 BI: 1. OFF2 STW1.1
p0845 BI: 2. OFF2
0 = OFF3 STWA.2 p0848 BI: 1. OFF3 STW1.2
p0849 BI: 2. OFF3

Enable opera- | STWA.3 p0852 BI: Enable operation STW1.3

tion

Jog 1 STWA.8 p1055 BI: Jog bit 0 STW1.8"

Jog 2 STWA.9 p1056 BI: Jog bit 1 STW1.9Y

1 Interconnected automatically in telegrams 7, 9, 110, and 111 only.
Table 3-2  Jog status message

Signal name Internal status word Parameter PROFIdrive/Siemens

telegram 1 ... 352

Ready to start ZSWA.O r0899.0 ZSW1.0

Ready ZSWA1 r0899.1 ZSW1.1

Operation enabled ZSWA.2 r0899.2 ZSW1.2

Switching on inhibited | ZSWA.6 r0899.6 ZSW1.6

Pulses enabled ZSWA.11 r0899.11 ZSW2.102

2 Only available in Interface Mode p2038 = 0.

Parameterization with STARTER

The "Speed setpoint jog" parameterizing screen form is selected via the # icon in the
toolbar of the STARTER commissioning tool:

Function diagrams (see SINAMICS S120/S150 List Manual)

e 3001 Setpoint channel overview
e 2610 Sequence control - Sequencer
e 3030 Setpoint channel - Main/supplementary setpoint, setpoint scaling, jogging

Overview of important parameters (see SINAMICS S120/S150 List Manual)

e p1055[0...n] Bl: Jog bit 0
e p1056[0...n] BI: Jog bit 1
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3.4 Speed selpoint
e p1058[0..
e p1059[0..
e p1082[0..
e p1120[0..
e p1121[0..
3.4.3

Parameterization with STARTER

68

.n]
.n]
.n]
.n]

.n]

Jog 1 speed setpoint

Jog 2 speed setpoint

Maximum speed

Ramp-function generator ramp-up time

Ramp-function generator ramp-down time

Direction of rotation limiting and direction reversal

A reversing operation involves a direction of rotation reversal. Selecting setpoint inversion
p1113[C] can reverse the direction of rotation in the setpoint channel.

Parameter p1110[C] or p1111[C] can be set respectively to prevent input of a negative or
positive setpoint via the setpoint channel. However, the following settings for minimum speed
(p1080) in the setpoint channel are still operative. With the minimum speed, the motor can
turn in a negative direction, although p1110 = 1 is set.

1 = Block negative direction of rotation
p1110[C]

1 = Setpoint inversion

|p1 113[C] )

1 = Block positive direction of rotation

[P ——

- 1

0 O&

I NG
~r* 1

A 4

Figure 3-6

y
Suppression bandwidths
Setpoint limiting

v

Ramp-function generator

v

Motor control

Direction of rotation limiting and direction of rotation reversal

The "Speed setpoint" parameterizing screen form is selected with the & icon in the toolbar
of the STARTER commissioning tool.
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3.4 Speed selpoint

Function diagrams (see SINAMICS S120/S150 List Manual)

e 3001 Setpoint channel overview

e 3040 Setpoint channel - Direction limitation and direction reversal

Overview of important parameters (see SINAMICS S120/S150 List Manual)

e p1110[0...n] Bl: Block negative direction
e p1111[0...n] BI: Block positive direction
e p1113[0...n] BI: Setpoint inversion
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3.5 Speed limiting

In the range from O rpm to the speed setpoint, a drive train (e.g. motor, clutch, shaft,
machine) can have one or more points of resonance. These resonances lead to oscillations.
The suppression bandwidths can be used to prevent operation in the resonance frequency
range.

The limit frequencies can be set via p1080[D] and p1082[D]. Further, using connectors
p1085[C] and p1088[C] it is possible to influence these limits in operation.

p1091[D] p1094[D]
Skip frequency
bands
p1101[D]
p1083[D]
[p1085[C] ]
p1083 >> (1083) >
| » Min [ riosd >
p1082(D] > Speed limiting
n_min S_q Speed limit min max

v

> (0] - t /
X

- *

p1080[D] p1086D]

I—ritte

]

n_min
- [pto8s[c] | ™
p1086____ >> _ (1086)—» Max [ ros7_>
v
Ramp-function generator
v

Motor control

Figure 3-7  Skip frequency bands, setpoint limitation, minimum speed

Minimum speed

Using parameter p1106[0...n], a minimum speed n_min s_src or minimum velocity can be
set, which is wired via BICO.

Parameterization with STARTER

The "Speed limitation" parameterizing screen is selected with the % icon in the toolbar of
the STARTER commissioning tool.
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3.5 Speed limiting

Function diagrams (see SINAMICS S120/S150 List Manual)

3001
3050

Setpoint channel overview

Setpoint channel - Skip frequency bands and speed limiting

Overview of important parameters (see SINAMICS S120/S150 List Manual)

Setpoint limitation

e p1080[0...n] Minimum speed

e p1082[0...n] Maximum speed

e p1083[0...n] CO: Speed limit in positive direction of rotation
e 11084 CO: Speed limit positive effective

e p1085[0...n] Cl: Speed limit in positive direction of rotation

e p1086[0...n] CO: Speed limit in negative direction of rotation
e 11087 CO: Speed limit negative effective

e p1088[0...n] Cl: Speed limit in negative direction of rotation
e p1106[0...n] CI: Minimum speed signal source

e r1119 CO: Ramp-function generator setpoint at the input
Skip frequency bands

e p1091[0...n] Skip speed 1

e p1094[0...n] Skip speed 4

e p1101[0...n] Skip speed bandwidth
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3.6 Ramp-function generator

3.6 Ramp-function generator

Function of the ramp-function generator

The ramp-function generator is used to limit the acceleration in the event of abrupt setpoint
changes and so helps to prevent load surges throughout the complete drive train. The ramp-
up time p1120[0...n] and ramp-down time p1121[0...n] can be used to set mutually
independent acceleration and deceleration ramps. This allows a controlled transition to be
made in the event of setpoint changes.

The maximum speed p1082[0...n] is used as a reference value for calculating the ramps
from the ramp-up and ramp-down time. For a quick stop (OFF3), a special adjustable ramp
is available via the ramp-down time p1135[0...n] (e.g. for quick, controlled stopping after an
EMERGENCY OFF button has been pressed).

There are two types of ramp-function generator:

e Basic ramp-function generator with

Ramp up and ramp down

Ramp down for quick stop (OFF3)

Tracking configurable via parameter p1145

Setting values for the ramp-function generator
® The extended ramp-function generator also has

— Initial and final rounding

Note

The ramp-function generator cannot be frozen (via p1141) in jog mode (r0046.31 = 1).

Properties of the basic ramp-function generator

X > P
A . Tup . Tdd

Figure 3-8 Ramp-up and ramp-down with the basic ramp-function generator

® Ramp-up time Ty p1120[0...n]
® Ramp-down time Tan p1121[0...N]
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OFF3 ramp-down:
— OFF3 ramp-down time p1135[0...n]

Set ramp-function generator:

— Setting value ramp-function generator p1144[0...n]

— Signal, set ramp-function generator p1143[0...n]

3.6 Ramp-function generator

® Freezing of the ramp-function generator using p1141 (not in jog mode r0046.31 = 1)

Properties of the extended ramp-function generator

y“ < Tup . < Tdn >
p1o82 | L ____ _
X
g N R
T >
|/
N
H
-p1082 _—— - v
1 1
dy/dt IR FR{ IR} {FRIIR FR IR{ {FR
(<> > O o «—> i i€—>!
1 1
» t
o g —d

Tup_eff ~ Tdn_eff

Figure 3-9  Extended ramp-function generator
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Ramp-up time Ty p1120[0...n]
Ramp-down time Tan p1121[0...n]
Initial rounding IR p1130[0...n]
Final rounding FR p1131]0...n]

Effective ramp-up time
Tup_eff = Tup + (IR/2 + FR/2)

Effective ramp-down time
Tdn_efft = Tan + (IR/2 + FR/2)

— OFF3 ramp-down

— OFF3 ramp-down time p1135[0...n]
— OFF3 initial rounding p1136[0...n]
— OFFS3 final rounding p1137][0...n]

Set ramp-function generator

— Setting value ramp-function generator p1144[0...n]

— Signal, set ramp-function generator p1143[0...n]

6SL3097-5AB00-0BPO
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3.6 Ramp-function generator

e Select ramp-function generator rounding type p1134[0...n]

— p1134 ="0" continuous smoothing; rounding is always active. Overshoots can occur.
If the setpoint changes, final rounding is carried out and then the direction of the new
setpoint is adopted.

— p1134 ="1" discontinuous smoothing; for a setpoint change, the change is
immediately made to the direction of the new setpoint.

e Ramp-function generator configuration, deactivate rounding at zero point p1151[0...n]

® Freezing of the ramp-function generator using p1141 (not in jog mode r0046.31 = 1)

Scaling of the up ramp and the down ramp

In order to be able to influence the ramp times set in parameters p1120 and p1121 cyclically
via PROFIdrive telegrams, scaling is available for the ramp times.

e Using p1138J[0...n], the signal source for scaling the ramp-up time p1120[0...n] of the
ramp-function generator is set.

e Using p1139[0...n], the signal source for scaling the ramp-down time p1121[0...n] of the
ramp-function generator is set.

The ramp times can be changed independently of one another in a cyclic PROFIdrive
telegram. If the ramp-up time and the ramp-down time are to be changed together, then the
scaling factor transferred in the PROFIdrive telegram is connected to both connectors.

The scaling also affects the initial and final rounding. However, it does not have the same
effect as in the acceleration ramp. This is the reason why an incorrect effective ramp-up time
is displayed. With scaling of approx. 50% to 200%, you get the most accurate effective ramp-
up times.

Override of the ramp-function generator

e Down ramp for Safety Integrated functions:
If Safety Integrated functions are activated and the down ramp is monitored, only the
OFF3 ramp according to p1135 is effective. The speed setpoint limit is selected using
p1051/p1052.

e Down ramp for the "Extended stop and retract" function module (ESR):
If ESR is activated, p0893 is used to enter the setpoint for the end speed of the ramp-
function generator. Instead of the ramp time of the ramp-function generator, ramp-down
is controlled using the OFF3 ramp.

Parameterization with STARTER

The "Ramp-function Generator" parameter screen is selected with the Q icon in the toolbar
of the STARTER commissioning tool.
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3.6.1

A

3.6 Ramp-function generator

Ramp-function generator tracking

Speed setpoint

A ramp-function generator (RFG) can be operated with or without tracking.

without tracking with tracking
Output of the 4 Speed setpoint Output of the
ramp-function n N\ ramp-function generator

7 \ generator /
s \ / p1145
// A —
/ -
, \ /% \

Speed actual value Speed actual value
»
>

»
>

t1 t2 t1 2

Figure 3-10 Ramp-function generator tracking

Without ramp-function generator tracking
e p1145=0

® Drive accelerates until t2 although setpoint < actual value

With standard ramp-function generator tracking

® Atp1145 > 1 (values between 0 and 1 are not applicable), ramp-function generator
tracking is activated when the torque limit is approached. The ramp-function generator
output thereby only exceeds the actual speed value by a deviation value that can be
defined in p1145.

® {1 and t2 almost identical

Note
Smaller motors

For smaller motors and depending on the controller settings required for the application there
may still be a greater deviation between the setpoint and the actual value. In this case any
sudden cancellation of the torque could result in a greater uncontrolled speed jump. By
setting the parameter p1400.16 = 1 the setpoint value becomes even more closely
connected with the actual value and the speed jump is reduced. With this parameter setting
the integral component of the speed controller is only stopped if it reaches the torque limit.

Standard ramp-function generator tracking

If the load torque exceeds the torque limit of the drive and so causes the actual speed to
diminish, the ramp-function generator output is not tracked to the actual speed value. If the
torque limit is overshot during the ramp-up because the ramp-up time was selected too
small, the effective ramp-up time of the ramp-function generator lengthens.

Result: Once the load torque decreases, the drive accelerates again at the current limit to
the setpoint. The ramp-up is stopped when the torque, power or current limit is reached.
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act

n RFG

Figure 3-11

76

\
M
M, = Load torque UEL
M,

RFG output Actual speed valpe

p1145 can be used to set the permitted following error. The speed setpoint is so tracked to
the set permitted following error. The acceleration ramp is flattened. If the torque decreases,
the ramp-up continues on the speed setpoint with a flattened ramp to the torque/current limit.

M, => Overload torque

v

t tz ty t

Standard ramp-function generator tracking

At the times t1 and ts, an overload torque Mou starts to act on the drive in addition to the load
torque ML. The torque limit of the drive is exceeded.

For t1 the drive is being ramped up along specified ramp-function generator ramp. The
additional torque prevents the further acceleration of the motor to the rated speed on the
ramp-function generator ramp.

The ramp-function generator output is tracked to the actual speed value when p1145 > 1
which causes a flattening of the rise ramp for the decrease of Mow. The drive accelerates
with flattened ramp at the current/torque limit to the speed setpoint (t2).

For t3, the drive runs with the specified speed setpoint and is already in field weakening. The
additional torque causes the drive to be braked to standstill.

For t4, the torque reduces again to ML. Because the ramp-function generator output is not
tracked to the actual speed value, the drive now accelerates at the torque/current limit to the
speed setpoint.
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Extended ramp-function generator tracking

The extended ramp-function generator tracking returns the ramp-function generator output to
the actual speed value when the drive reaches the torque limit. Consequently, the drive does
not return to the current limit but rather back on the set acceleration ramp to the original
setpoint.

nact A A
Nrre M, = Overload torque M

’ , M, = Load torque il
M

~

/

RFG output
(Speed setpoint) Actual speed value
T T T 1 ’
t1 t2 t3 t4 t

Figure 3-12 Extended ramp-function generator tracking

The additional torque starts to act at the times t1 and t3 and the ramp-function generator
output is tracked to the actual speed value. This causes the drive to be accelerated to the
speed setpoint on the specified ramp-function generator ramp when the torque falls again to
ML (t2 and ta).

2 versions can be used for the extended ramp-function generator tracking:

® The ramp-function generator tracking is always active (p1151.1 = 1). For load surges, the
output of the ramp-function generator is tracked to the actual value. The tracking ends for
setpoint zero.

® The ramp-function generator tracking is always active (p1151.2 = 1). For load surges, the
output of the ramp-function generator is tracked to the actual value. The tracking
continues for a polarity change.

3.6.2 Signal overview, function diagrams and important parameters

Signal overview (see SINAMICS S120/S150 List Manual)
e Control signal STW1.2 OFF3

e Control signal STW1.4 Enable ramp-function generator

Control signal STW1.5 Start/stop ramp-function generator

Control signal STW1.6 Enable setpoint

Control signal STW2.1 Bypass ramp-function generator
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3.6 Ramp-function generator

Function diagrams (see SINAMICS S120/S150 List Manual)

e 3001 Setpoint channel overview

e 3060 Setpoint channel - Basic ramp-function generator

e 3070 Setpoint channel - Extended ramp-function generator

e 3080 Setpoint channel - Ramp-function generator selection, status word, track-
ing

Overview of important parameters (see SINAMICS S120/S150 List Manual)

e p1051[0...n] Cl: Speed limit in RFG, positive direction of rotation

e p1052[0...n] Cl: Speed limit RFG, negative direction of rotation

e p1083[0...n] CO: Speed limit in positive direction of rotation

e p1115 Ramp-function generator selection

e r1119 CO: Ramp-function generator setpoint at the input

e p1120[0...n] Ramp-function generator ramp-up time

e p1121[0...n] Ramp-function generator ramp-down time

e p1122[0...n] Bl: Bypass ramp-function generator

e p1130[0...n] Ramp-function generator initial rounding time

e p1131[0...n] Ramp-function generator final rounding time

e p1134[0...n] Ramp-function generator rounding type

e p1135[0...n] OFF3 ramp-down time

e p1136[0...n] OFF3 initial rounding time

e p1137[0...n] OFF3 final rounding time

e p1138[0...n] Cl: Ramp-function generator ramp-up time scaling

e p1139[0...n] Cl: Ramp-function generator, ramp-down time

e p1140[0...n] Bl: Enable ramp-function generator/disable ramp-function generator

e p1141[0...n] Bl: Continue ramp-function generator/Freeze ramp-function generator

e p1143[0...n] Bl: Accept ramp-function generator setting value

e p1144[0...n] Cl: Ramp-function generator setting value

e p1145[0...n] Ramp-function generator tracking intensity

e p114810...n] Ramp-function generator tolerance for ramp-up and ramp-down ac-
tive

e r1149 CO: Ramp-function generator acceleration

e 11150 CO: Ramp-function generator speed setpoint at the output

e p1151[0...n] Ramp-function generator configuration

e p1400[0...n] Speed control configuration
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Definition

This type of closed-loop control enables operation with a high dynamic response and
precision for a motor with a motor encoder.

The motor connected to servo control is simulated in a vector model based on data from the
equivalent circuit diagram. This means that the servo control is also a vector control.

However, for servo control, the vector model is optimized according to other criteria. In favor
of maximum dynamic performance, a small deterioration in the control accuracy and control
quality is taken into consideration.

Characteristics of the servo control:

Maximum computing speed
Shortest sampling times
Maximum dynamic performance

Preferably used with permanent magnet synchronous motors with the appropriate
dynamic performance

A servo control with encoderless operation must be verified in a test application. Stable
operation in this mode cannot be guaranteed for every application.
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Comparison of servo control and vector control

The table below shows a comparison between the characteristic features of servo and vector

controls.

Table 4- 1

Comparison of servo control and vector control

Subject

Servo control

Vector control

Typical applications

Drives with highly dynamic motion
control

Drives with high speed and torque
accuracy
(servo synchronous motors)

Angular-locked synchronism with
isochronous PROFIdrive

For use in machine tools and clocked
production machines

High output frequency

Speed and torque-controlled drives
with high speed and torque accuracy,
particularly in operation without an
encoder (sensorless operation)

Maximum number of drives that
can be controlled by one Control
Unit

To be taken into consideration:
Chapter "Rules for wiring with
DRIVE-CLIiQ (Page 993)"

in this document below

1 infeed + 6 drives

(with current controller sampling times
125 us or

speed controller sampling times

125 ps)

1 infeed + 3 drives

(with current controller sampling times
62.5 ps or

speed controller sampling times

62.5 ps)

1 infeed + 1 drive

(with current controller sampling times
31.25 ps or speed controller sampling
times 62.5 ps)

Mixed operation, servo control with
125 ps with U/f, max.11 drives

1 infeed + 3 drives

(with current controller sampling times
250 ps or

speed controller sampling times 1 ms)

1 infeed + 6 drives

(with current controller sampling times
400 ps /500 s or

speed controller sampling times

1.6 ms/2 ms)

U/f control:

1 infeed + 12 drives

(with current controller sampling times
500 s or

speed controller sampling times

2000 ps)

Mixed operation, vector control with
500 ps with U/f, max.11 drives

Dynamic response

High

Medium

Note:

in this manual.

Additional information on the sampling conditions is provided in subchapter "Rules regarding sampling times (Page 986)"
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Subject

Servo control

Vector control

Connectable motors

e Synchronous servomotors

e Permanent-magnet synchronous
motors

¢ Induction motors
e Torque motors
e Linear motors

e Synchronous motors (including torque
motors)

e Permanent-magnet synchronous
motors

e Induction motors

¢ Reluctance motors - textile (only for
U/f control)

e Synchronous-reluctance motors

e Separately excited synchronous mo-
tors

e Linear motors

Note:

Synchronous motors of the 1FT6, 1FK6
and 1FKY7 series cannot be connected.

Position interface via PROFIdrive
for higher-level motion control

Yes

Yes

Encoderless speed control

Yes, as of 10% rated motor speed, open-
loop controlled operation below this

Yes (for ASM and PMSM from standstill)

Motor data identification Yes Yes

Speed controller sampling time Yes Yes

optimization

U/f control Yes Yes (various characteristics)
Encoderless No Yes, as of 10% rated motor speed, open-

closed-loop torque control

loop controlled operation below this

Field-weakening range for induc-
tion motors

< 16 field-weakening threshold speed
(with encoder)

< 5 field-weakening threshold speed
(without encoder)

< 5 rated motor speed
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Subject

Servo control

Vector control

Maximum output frequency with
closed-loop control

e 2600 Hz with 31.25 ps / 16 kHz
e 1300 Hz with 62.5 ps / 8 kHz
e 650 Hz with 125 ps / 4 kHz

e 300 Hz with 250 ps / 2 kHz

Note:
SINAMICS S can achieve the specified
values without tuning.

Higher frequencies can be set under the
following secondary conditions and addi-
tional tuning runs:
e Up to 3000 Hz

— Operation without an encoder

— In conjunction with controlled in-
feeds

e Upto 3200 Hz
— Operation with encoder
— In conjunction with controlled in-
feeds
e Absolute upper limit 3200 Hz

A license is required tor frequencies
>600 Hz because of export regulations.

e 300 Hz with 250 ps / 4 kHz
or with 400 ps / 5 kHz

e 240 Hz with 500 ps / 4 kHz

Note:

If a higher output frequency is required,
consult the specialist support from
SIEMENS.

Note:

The derating characteristics in the various manuals must be carefully observed!
Max. output frequency when using dv/dt and sine-wave filters: 150 Hz

Response when operating at the
thermal limit of the motor

Reduction of the current setpoint or shut-
down

Reduction in the pulse frequency and / or
the current setpoint or shutdown (not
applicable with parallel connection / sine-
wave filter)

Speed setpoint
channel (ramp-function generator)

Optional

(reduces the number of drives from 6 to 5
Motor Modules with current controller
sampling times of 125 us or speed con-
troller sampling times of 125 ps)

Standard

Parallel connection of power units

No

e Booksize: No
e Chassis: Yes

Permissible range of the ratio be-
tween the rated motor current
(p0305) and rated Motor Module
current (r0207)

The permissible range of the ratio be-
tween the rated motor current (p0305)
and rated Motor Module current (r0207)
is, for servo control, 1:1 to 1:4.

With restrictions regarding the torque
accuracy and smooth running operation,
a ratio of up to 1:8 is possible.

The permissible range of the ratio be-
tween the rated motor current (p0305)
and rated Motor Module current (r0207)
is, for vector control, 1.3:1 to 1:4.

With restrictions regarding the torque
accuracy and smooth running operation,
a ratio of up to 1:8 is possible.
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4.1 Technological application

4.1 Technological application

Using parameter p0500, you can influence the calculation of open-loop control and closed-
loop control parameters. The default setting helps you find suitable values for standard
applications.

You can make preassignments for the following technological applications:

Value p0500 Application

e 100 Standard drive (SERVO)
e 101 Feed drive (limit current limitation)
e 102 Encoderless control down to f = 0 (passive loads)

An overview of the influenced parameters and the set values is provided in the "SINAMICS
S120/S150 List Manual".
Calculation

You call the calculation of the parameters, which influence the technological application, as
follows:

® When exiting quick commissioning using p3900 > 0

e \When automatically calculating the motor/closed-loop control parameters with
p0340=1, 3,5

e When calculating the technology-dependent parameters with p0578 = 1
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4.2 Setpoint addition
4.2 Setpoint addition
Definition

Interpolator

Setpoint addition allows up to 2 speed setpoints to be combined. While main and
supplementary setpoints used in the setpoint channel are influenced by speed limits and the
ramp-function generator, the speed setpoint is directly active here. As a consequence, up
ramps and down ramps of a ramp-function generator are eliminated.

Speed actual values of a higher-level position control are suitable as source, which can be
entered using a PROFIdrive telegram. Interconnect the telegram control word as BICO
source. The speed setpoint is then refreshed in the bus cycle, e.g. in the PROFINET cycle.

A supplementary speed setpoint can, through setpoint addition, minimize disturbing
influences on the speed setpoint from the position control.

Speed actual value 1 (e.g. telegram)

| T p1189.1
Speed actual value 2 (e.g. EPOS \_ |
p (e.g ) odo q\F : A F
= A
Interpolator
&
p1189.0 Y T
O—1—§
| I Bl F L
Actual value for 04 / _,_I_I
OFF1/OFF3 _/ o _ Total speed
= A setpoint
Interpolator

Figure 4-1 Setpoint addition

When using a speed setpoint from a higher-level control system, the speed setpoints are
only refreshed (updated) in the bus cycle. The bus cycle is normally significantly slower than
the current controller cycle of the SINAMICS drive, which can result in steps. When using an
interpolator, the speed setpoint is linearly interpolated between the bus cycles, so that steps
that possibly occur can be eliminated.

The interpolator is only active when the "Basic positioner" function module is activated - or
isochronous PROFIdrive operation is active.

Parameterizing setpoint addition

84

1. Interconnect the signal source for p1155.
2. Interconnect the signal source for p1160.

3. To activate the interpolator for the speed setpoint, in the drop-down list for 1189[1] select
|IyeSll.
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4.2 Setpoint addition

Speed actual value at the OFF1/OFF3 instant

If an event initiates OFF1 or OFF3 - and the "Extended setpoint channel" function module is
not active - then the drive ramps down via the OFF1 and OFF3 times parameterized in the
"Ramp down" dialog.

1. Enter a value in p1121[0] for the ramp-down time.
2. Enter a value in p1135 for the OFF3 ramp-down time.

3. To activate the interpolator for the down ramp, in the drop-down list for p1189[0], select
"Yes". The parameters for the down ramp are only displayed if the extended setpoint
channel is deactivated.

Function diagrams (see SINAMICS S120/S150 List Manual)

e 3080 Setpoint channel - ramp-function generator selection, status word, tracking

Overview of important parameters (see SINAMICS S120/S150 List Manual)

e p1121[0...n] Ramp-function generator ramp-down time
e p1135[0...n] OFF3 ramp-down time

e p1155[0...n] ClI: Speed controller, speed setpoint 1

e p1160[0...n] ClI: Speed controller, speed setpoint 2

e p1189[0...n] Speed setpoint configuration
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4.3 Speed setpoint filter

Definition

The speed setpoint filters are used to remove or weaken certain frequency ranges. Various
filter types are available.

The speed setpoint filters do not have any effect on the stability of the speed controller,
because they lie in the setpoint channel. The dynamic response in the control behavior is
reduced by the smoothing.

The speed setpoint filters are identical in structure and can be set via parameters
p1415[0...n] (filter 1) and p1421[0...n] (filter 2) as follows:

e Bandstop
® | ow-pass 1st order (PT1)
® | ow-pass 2nd order (PT2)

Bandstop Lowpass filter PT1 Lowpass filter PT2
Natural frequency Damping .
Numerator Numerator Natural frequency Damping
fn_z Diz PXXXX Denominator Denominator
PXXXX PXXXX =T - fn_n D_n

PXXXX PXXXX
I I Ay — —

Y Y

v, >t K1y
L A-Yp
—>f First order delay element X T y
—> f —>
r| |j n of
pxxxx = time constant
PXXXX PXXXX
fn_n D_n
Natural frequency Damping
Denominator Denominator

Figure 4-2  Filter overview for speed setpoint filters

Activating and parameterizing the speed setpoint filters via the expert list

You can activate 2 speed setpoint filters in the STARTER expert list using parameter
p1414[0...n].

1. Select group parameter p1414[0] and open the sub categorization.

2. Select the required speed setpoint filter - and in the drop-down list of the parameter line,
select setting "[1] Yes".

Repeat this procedure for every speed setpoint filter that you wish to additionally activate.
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4.3 Speed setpoint filter

3. For each activated speed setpoint filter (parameter range p1415 ... P1426) parameterize
the following values:

- Type

— Time constant

— Denominator natural frequency

— Denominator damping

— Numerator natural frequency

— Numerator damping

4. Then save the modified project settings.

Parameterization with STARTER

The "Speed setpoint filter" parameter screen form is selected with the [ icon in the toolbar
of the STARTER commissioning tool.

Function diagrams (see SINAMICS S120/S150 List Manual)

e 5020

Servo control - Speed setpoint filter and speed precontrol

Overview of important parameters (see SINAMICS S120/S150 List Manual)

e p14140..
e p14150..
e p1416]0..
e p14170..
e p14180..
e p141900..
 p14200..
e p14210..
e p142200..
e p1423[0..
o p14240..
e p14250..
e p14260..
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Speed setpoint filter activation

Speed setpoint filter 1 type

Speed setpoint filter 1 time constant

Speed setpoint filter 1 denominator natural frequency
Speed setpoint filter 1 denominator damping

Speed setpoint filter 1 numerator natural frequency
Speed setpoint filter 1 numerator damping

Speed setpoint filter 2 type

Speed setpoint filter 2 time constant

Speed setpoint filter 2 denominator natural frequency
Speed setpoint filter 2 denominator damping

Speed setpoint filter 2 numerator natural frequency

Speed setpoint filter 2 numerator damping
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4.4

441

Properties

Limits

442

88

Speed controller

Speed controller

The speed controller controls the motor speed using the actual values from the encoder
(operation with encoder) or from the calculated actual speed values (operation without
encoder).

® Speed setpoint filter

® Speed controller adaptation

Note

Speed and torque cannot be controlled simultaneously. If speed control is activated, this has
priority over torque control.

The maximum speed p1082[D] is defined with default values for the selected motor and
becomes active during commissioning. The ramp-function generator ramp times refer to this
value.

[p1085[C]

p1083|—>T—|p1083 > > (1083) i
In

p1082 I—»—

EE
[p7088[C] Max | ~_o0 -~

p1086 I—'T—|p1086 > > (1086)

Figure 4-3  Speed controller limitations

Speed controller adaptation

There are two types of adaptation available: The free K,_n adaptation and the speed-
dependent Kp_n/Tn_n adaptation.
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4.4 Speed controller

Free Kp_n adaptation is also active in "operation without encoder" mode and is used in
"operation with encoder" mode as an additional factor for speed-dependent Ky_» adaptation.

Speed-dependent Kp_n/Tn_n adaptation is only active in "operation with encoder" mode and
also affects the Tn_n value.

p1400.5[D]
P1459[D] Y  p1470D]
Adaptation signal 1 v 100 %_g\
pT455[C X o X h
> 0 X o 3
referred to _
p200x or p205x i >X
Adaptation signal 2  1458[D] p1456[D] p1457[D]
1466[C
g (12 _@ >To the speed
p1400.0[D] controller without
—_— encoder
Dynamic reduction, field /,O_
weakening >~
e
7
Tn_n_basic (p1472) ;2
p1460[D] X}
Qc\ \ 4
Speed-dependent Kn_p R \——r_)(—ll > )
adaptation e
To the speed
p1462[D] >contro|ler with
5 encoder
—(\\: =
Speed-dependent Tn_p ol o »
adaptation gkl

Figure 4-4  Free Kp_n adaptation

Example of speed-dependent adaptation

Note

This type of adaptation is only active when the drive is operated with an encoder!
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Kp_n  Proportional gain
Tn_n Integral time

p1463 - p1462

Kep . -~ -~ A . .
with adaptation

without adaptation

Figure 4-5  Speed controller-Ky_n/Tn_n adaptation

Parameterization with STARTER

The "Speed controller" parameter screen is selected with the = icon in the toolbar of the
STARTER commissioning tool.

Function diagrams (see SINAMICS S120/S150 List Manual)

e 5050 Servo control - Speed controller adaptation (Kp_n-/Tn_n adaptation)

Overview of important parameters (see SINAMICS S120/S150 List Manual)

Free Kp_n adaptation

e p1455[0...n] Cl: Speed controller P gain adaptation signal

e p1456[0...n] Speed controller P gain adaptation lower starting point
e p1457[0...n] Speed controller P gain adaptation upper starting point
e p1458[0...n] Lower adaptation factor

e p1459[0...n] Upper adaptation factor

Speed-dependent Kp_n/Tn_n adaptation

e p1460[0...n] Speed controller P gain adaptation speed, lower

e p1461[0...n] Speed controller Kp adaptation speed, upper scaling
e p1462[0...n] Speed controller integral time adaptation speed, lower
e p1463[0...n] Speed controller Tn adaptation speed, upper scaling

e p1464[0...n] Speed controller adaptation speed, lower
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e p1465[0...n] Speed controller adaptation speed, upper
e p1466[0...n] Cl: Speed controller P gain scaling
443 Torque-controlled operation

An operating mode switchover (p1300) or binector input (p1501) can be used to switch from
speed control to torque control mode. All torque setpoints from the speed control system are
rendered inactive. The setpoints for torque control mode are selected by parameterization.

Properties

e Switchover to torque control mode via:
— Operating mode selection
— Binector input

® Torque setpoint can be specified:
— The torque setpoint source can be selected
— The torque setpoint can be scaled
— An additional torque setpoint can be entered

® Display of the overall torque

Commissioning of torque control mode
1. Set the torque-controlled mode 1300 = 23; p1501 = "1" signal)
2. Enter the torque setpoint using the following parameter:
— p1511: Signal source for supplementary torque 1
— p1512: Signal source for scaling supplementary torque 1.

— p1513: Signal source for supplementary torque 2

p1511[C] . ] e~ K

(10211 > > ©

e.g. p2900 [p1512[C]

p1513[C]
[(©)

Figure 4-6  Torque setpoint

3. Issue the enable signals.
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OFF responses

e OFF1 and p1300 =23
— Response as for OFF2
e OFF1, p1501 = "1" signal and p1300 * 23

— No separate braking response; the braking response is provided by a drive that
specifies the torque.

— The pulses are suppressed when the brake application time (p1217) expires. Standstill
is detected when the actual speed value is less than the speed threshold (p1226) or
when the monitoring time (p1227) that started when speed setpoint < speed threshold
(p1226) has expired.

— Switching-on inhibited is activated.

e OFF2
— Immediate pulse suppression, the drive coasts to standstill.
— The motor brake (if parameterized) is closed immediately.
— Switching-on inhibited is activated.

e OFF3
— Switch to speed-controlled operation

— n_set = 0is input immediately to brake the drive along the OFF3 deceleration ramp
(p1135).

— When standstill is detected, the motor brake (if parameterized) is closed.

— The pulses are suppressed when the motor brake application time (p1217) has
elapsed. Standstill is detected when the actual speed value is less than the speed
threshold (p1226) or when the monitoring time (p1227) that started when speed
setpoint < speed threshold (p1226) has expired.

— Switching-on inhibited is activated.

Parameterization with STARTER

The "Torque setpoint" parameter screen is selected with the & icon in the toolbar of the
STARTER commissioning tool.

Function diagrams (see SINAMICS S120/S150 List Manual)

e 5060 Servo control - Torque setpoint, switchover control mode

e 5610 Servo control — torque limiting/reduction, interpolator

Overview of important parameters (see SINAMICS S120/S150 List Manual)

92

e p1300[0...n] Open-loop/closed-loop control operating mode

e r1406.8...12 CO/BO: Control word, speed controller
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e« p15010..
e p1511[0..
e p1512[0..
e p1513[0..

. r1515

.n]
.n]
.n]

.n]

4.4 Speed controller

Bl: Change over between closed-loop speed/torque control
Cl: Supplementary torque 1

Cl: Supplementary torque 1 scaling

Cl: Supplementary torque 2

Supplementary torque total
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4.5

Properties

94

Torque setpoint limitation

The steps required for limiting the torque setpoint are as follows:
e Define the torque setpoint and an additional torque setpoint
® Generate torque limits

The torque setpoint can be limited to a maximum permissible value in all four quadrants.
Different limits can be parameterized for motor and regenerative modes.

ig-limitation (cuts off the
overshoot of the filters)

Setpoint of the torque-generating current Y .

iq_sFiat_Z aues 9 g iq_soll_3

[5710.8] > X [r0077 >

[A] M

Effective torque limits [Nm] The four quadrants A

[r1538 > —> xl—

[5640.8] 'y 2 1
Backward,| Forward,
generating| motoring

|r1539 » X _ +

[5640.8] pN

Forward,

Torque factor M2iq ignegnerat-

[5718.4]

Figure 4-7  Current/torque setpoint limiting

Note

This function is always active with the preset factory settings.

The connector inputs of the function are initialized with fixed torque limits. If required, the
torque limits can also be defined dynamically (during operation).

e A control bit can be used to select the torque limitation mode. The following alternatives
are available:

— Upper and lower torque limit

— Motor and regenerative torque limit
e Additional power limitation configurable

— Motor mode power limit

— Regenerative mode power limit
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The following factors are monitored by the current controller and therefore always apply in
addition to torque limitation:

— Stall power
— Maximum torque-generating current

Offset of the setting values also possible (see "Example: Torque limits with or without
offset").

The following torque limits are displayed via parameters:
— Lowest of all upper torque limits with and without offset

— Highest of all lower torque limits with and without offset

Torque limiting versions

The following versions are available:

No settings are possible:
The application does not require any additional restrictions to the torque limits.
Fixed limits are required for the torque:

The fixed upper and lower limits or alternatively the fixed motor and regenerative limits
can be specified separately from different sources.

Dynamic limits are required for the torque:

— The dynamic upper and lower limits or alternatively the dynamic motor and
regenerative limit can be specified separately from different sources.

— Parameters are used to select the source of the actual limit.
A torque offset can be parameterized.

In addition, the power limits can be parameterized independently of one another for motor
and regenerative mode.

Negative values at r1534 or positive values at r1535 represent a minimum torque for the
other torque directions and can cause the drives to rotate if no counteractive load torque is
generated (see function diagram 5630 in the SINAMICS S120/S150 List Manual).

/\WARNING

Uncontrolled movement of the drive as a result of incorrect parameter assignment

If there is no opposing (load) torque, incorrect parameterization of the torque limits can
result in uncontrolled drive motion, therefore resulting in death or severe injury.

Ensure that the limits are correctly parameterized.
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Example: Torque limits with or without offset

The signals selected using p1522 and p1523 include the torque limits parameterized using
p1520 and p1521.

M M
A A
p1520 p1520
p1522
p1522
p1523
p1523
M_offset = 0 M_offset > 0
p1521 p1521

Figure 4-8 = Example: Torque limits with or without offset

The hatched area in the example shows the permissible torque range.

Fixed and variable torque limit settings

Table 4- 2 Fixed and variable torque limit settings

Selection Torque limitation mode
Mode Maximum upper or lower torque limits Maximum motor or regenerative mode torque
p1400.4 =0 limits p1400.4 = 1
Fixed torque limit Upper torque limit (as positive p1520 Motor mode torque limit (as posi- p1520
value) tive value)
Lower torque limit (as negative p1521 Regenerative mode torque limit (as | p1521
value) negative value)
Source for variable torque | Upper torque limit p1522 Motor mode torque limit p1522
limit Lower torque limit p1523 Regenerative mode torque limit p1523
Source for variable scaling | Upper torque limit p1528 Motor mode torque limit p1528
factor of torque limit Lower torque limit p1529 Regenerative mode torque limit p1529
Torque offset for torque Shifts the upper and lower p1532 Shifts the motor and regenerative | p1532
limit torque limits together mode torque limits together

Activating the torque limits

1. Select the source for torque limiting via parameter (see Table "Setting fixed and variable
torque limits").

2. Specify the torque limiting mode via the control word.
3. If required, make the following settings:
— Select additional limits, and activate these.

— Set the torque offset.
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Examples

4.5 Torque setpoint limitation

® Travel to fixed stop

e Tension control for continuous goods conveyors and winders

Parameterization with STARTER

The "Torque limit" parameter screen is selected with the %= icon in the toolbar of the
STARTER commissioning tool.

Function diagrams (see SINAMICS S120/S150 List Manual)

e 5609
e 5610
e 5620
e 5630
e 5640

Servo control, generation of the torque limits, overview
Servo control — torque limiting/reduction, interpolator
Servo control - Motoring/generating torque limit

Servo control - Upper/lower torque limit

Servo control - Mode changeover, power/current limiting

Overview of important parameters (see SINAMICS S120/S150 List Manual)

e p0640[0...
e p1400[0...

e r1508
e r1509
e r1515

e p1520[0...
e p1521[0...
e p1522[0...
e p1523[0...

e r1526
e r1527

e p1528[0...
e p152900...
e« p1530[0...
e p1531[0...
e p1532[0...

e r1533
e r1534

Current limit

Speed control configuration

CO: Torque setpoint before supplementary torque
CO: Torque setpoint before torque limiting
Supplementary torque total

CO: Torque limit, upper/motoring

CO: Torque limit, lower/regenerative

CI: Torque limit, upper/motoring

ClI: Torque limit, lower/regenerative

CO: Torque limit, upper/motoring without offset
CO: Torque limit, lower/regenerative without offset
ClI: Torque limit, upper/motoring, scaling

ClI: Torque limit, lower/regenerative scaling
Power limit, motoring

Power limit, regenerative

CO: Torque limit, offset

Current limit torque-generating, total

CO: Torque limit, upper total
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e 11535 CO: Torque limit, lower total
e 11538 CO: Upper effective torque limit
e 11539 CO: Lower effective torque limit
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4.6 Current setpoint filter

Activate and set current setpoint filter

The current setpoint filters 1 to 4 are available as standard. You can activate the current
setpoint filters 5 to 10 offline in the object properties of the drive.

1.

If you require more than 4 current setpoint filters, mark the desired servo drive in the
project navigator and open the "Properties" shortcut menu.

The "Object properties" dialog then opens.

. Click the "Function modules" tab.

Activate the "Extended current setpoint filters" function module in the function modules
selection with a mouse click.

Download the data to the target system.

5. Select group parameter p1656[0] online and open the sub categorization.

Select the required current setpoint filter (e.g. P1656[0].0) - and in the drop-down list of
the parameter line, select setting "[1] Active".

Repeat this procedure for every speed setpoint filter that you wish to additionally activate.

. If you require more than 4 current setpoint filters, select group parameter p5200[0] and

open the sub-categorization.

Select the required additional current setpoint filter, in the parameter line, open the value
selection and select setting "[1] Active".

Repeat this procedure for every additional speed setpoint filter that you wish to activate.

The activated current setpoint filters must then be subsequently parameterized.

Current setpoint filter | Setting in the parameter area
1.4 p1657 to p1676
5...10 p5201 to p5230

For each activated current setpoint filter, parameterize the following values:
- Type
— Denominator natural frequency

— Denominator damping

Numerator damping

As long as the parameter setting p1699 = 1 is active, the background calculation of the
filter data is not performed, even when filter parameters are changed.

Note

The set parameter values of the current setpoint filters 5 to 10 are lost if you deactivate
the extended current setpoint filters again in the Properties dialog.
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10.Make the setting p1699 = 0 to start calculating the filter data.

11.Then save the modified project settings.

Parameterization example

Four current setpoint filters connected in series can be parameterized as follows, for
example:

® | owpass 2nd order (PT2: -40 dB/decade) (type 1)
® General filter 2nd order (type 2)

e Bandstop

® | ow-pass with reduction by a constant value

Bandstop and low-pass with reduction are converted into the parameters of the general
2nd order filter via the STARTER commissioning tool.

In addition to the amplitude response, the phase response is also shown in the following. A
phase shift results in a control system delay and should be kept to a minimum.
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p1656[D].0
r1650 p1656[D].3
[0S N 00\
o o
1 O
7
fn_n
p1658[D] fn_n
D_n p1673[D]
Y p1659[D] T Don
-0 v p1674[D]
y p1657[D] T
VI y p1672[D]
A y Iyl
X %P |y o e y
> \ SN X =D y
fn 1 o > t Oo\
f T° fn o
f 1 o
PT2
<2> PT2
<2>
fn_z D_z
p1660[D] p1661[D] fn_z Dz
p1675[D] p1676[D]
Iyl
Iyl
X y
i — X y
<1> L] e
f <1>
f
| | <1> General 2nd order filter
n D <2> PT2 low pass | |
p1658[D] p1659[D] fnD n
p16731B74[D]
Filter 1 Filter 4

Figure 4-9  Current setpoint filter

Parameterization with STARTER
The "Current setpoint filter" parameter screen is selected with the |« icon in the toolbar of
the STARTER commissioning tool.
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4.6.1 Lowpass 2nd order (PT2 filter)
Transfer function:
"o 1
(s Y 2p,
an +ﬁ -s+1

Denominator natural frequency fn

Denominator damping Dn
Table 4- 3 Example of a PT2 filter

Filter parameters

Amplitude log frequency curve

Phase frequency curve

Characteristic frequency
fn 500 Hz
Damping Dn 0.7 dB

(-3dB)

f,= 500 Hz

f
=

&

—_
L=

200
150
100
a0
I
=50
100
150
200

4.6.2

Table 4- 4

Bandstop with infinite notch depth

Example of band-stop with infinite notch depth

Filter parameters

Amplitude log frequency curve

Phase frequency curve

Blocking frequency fsp =
500 Hz

Bandwidth (-3 dB) fes =
500 Hz

Notch depth K = -» dB
Reduction Abs = 0 dB

=

b2
(=3

&

=
=

f = (500 Hz)

—_

1000

200
150
100
a0
I
=50
100
150
200

100

Simplified conversion to parameters for general order filters:

® Reduction or increase after the blocking frequency (Abs)

® Infinite notch depth at the blocking frequency

e Numerator natural frequency fz = fsp
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® Numerator damping Dz =0
e Denominator natural frequency fn = fsp

® Denominator damping:

4.6 Current selpoint filter

4.6.3

Table 4- 5

Example of band-stop with defined notch depth

Bandstop with defined notch depth

Filter parameters

Amplitude log frequency curve

Phase frequency curve

Blocking frequency fsp =
500 Hz

Bandwidth fss = 500 Hz
Notch depth K =-20 dB
Reduction Abs = 0 dB

1000

200
150
100
50
1]
-50
100
150
200

Simplified conversion to parameters for general order filters:

® No reduction or increase after the blocking frequency
® Defined notch at the blocking frequency K[dB] (e.g. -20 dB)

e Numerator natural frequency fz = fsp

e Numerator damping:

e Denominator natural frequency fn = fsp

D

K
foe 1020

2f,

Sp

z

® Denominator damping:
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4.6.4

Table 4- 6

Bandstop with defined reduction

Example of band-stop

Filter parameters

Amplitude log frequency curve

Phase frequency curve

500 Hz

Reduction ABS =

Blocking frequency fsp =

Bandwidth fss = 500 Hz
Notch depth K = -« dB

-20dB

1 0 100 1000

200
150

100 TP R TR T .
Vo o i

50 e
; e
=40
100
150
200

104

General conversion to parameters for general order filters:

e Numerator natural frequency:

f,=aZ =f
z o Sp

® Numerator damping:

2
X1 1 fe
DZ: 10% - E ’ 1- Abs + Abs

100 ) fg? 1070

® Denominator natural frequency:

w, Abs
= 21‘[=f3p' 10 40

® Denominator damping:
f

BB
D=

Abs

2f,- 1070
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4.6.5 General low-pass with reduction

Table 4-7 Example of general low-pass with reduction

Filter parameters Amplitude log frequency curve Phase frequency curve
Characteristic frequency T e+ e b e 4 200
fabs = 500 Hz a0 o-baldnh oL f,=500Hz B L 150
Damping D =0.7 1 o S %
Reduction Abs = -10 dB 0 - = dot <
gLty !
0
=g oo 3. -Liddis
fod-o-Ll 150 = - - 4
= I 200 34
1 10 100 1000 1

Conversion to parameters for general order filters:
e Denominator natural frequency fn = fabs (start of reduction)

e Numerator natural frequency fz
=t

10 40
® Denominator damping Dn = 0.7

® Numerator damping: Dz = 0.7

4.6.6 Transfer function general 2nd order filter

s 2+2DZ_ .1
2mf, ) " omf, S

© s § 2D,
orf, | Yomf, S+

Numerator natural frequency fz

Numerator damping Dz
Denominator natural frequency fn

Denominator damping Dn
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Table 4- 8

Example of general 2nd order filter

Filter parameters

Amplitude log frequency curve

Phase frequency curve

Numerator frequency fz =

500 Hz 20
Numerator damping Dz

Lrnnm
Lorrnm
A= - -
(BRI
onm
Loonm

200
150
100

[ L R S T
i oo

=0.02dB o
Denominator frequency
fu = 900 Hz e
Denominator damping 40
Dn=0.15dB

TS T

i oo
STAT S r SRR -
i oo

50
1]
Vo inm

AUl . LolLLib. o
R ETE

-50
100
150
200

'
'
'
L
'
'
'
'
|'
'
'
T

4.6.7

Function diagrams and parameters

Function diagrams (see SINAMICS S120/S150 List Manual)

e 5700
e 5710
e 5711

Servo control - Current control, overview

Servo control - Current setpoint filters 1 ... 4

Servo control - Current setpoint filters 5 ... 10 (r0108.21 = 1)

Overview of important parameters (see SINAMICS S120/S150 List Manual)

e p0108]0..
e p1400]0..
 p1656]0..
e« p16570..
« p16580..
e p16590..
« p1660]0..
e p16610..

e p1662[0..
p1666]0..

e p1667[0..
p1671[0..

e p1672[0..
p1676[0..

e p1699

106

.n]
.n]
.n]
.n]
.n]
.n]
.n]
.n]

.n]to
.n]

.n]to
.n]

.n]to
.n]

Drive object function module

Speed control configuration

Current setpoint filter activation

Current setpoint filter 1 type

Current setpoint filter 1 denominator natural frequency
Current setpoint filter 1 denominator damping

Current setpoint filter 1 numerator natural frequency
Current setpoint filter 1 numerator damping

Current setpoint filter 2 (for distribution see current setpoint filter 1)

Current setpoint filter 3 (for distribution see current setpoint filter 1)

Current setpoint filter 4 (for distribution see current setpoint filter 1)

Filter data acceptance
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e p5200[0...

e p5201[0..
p52050..

e p5206[0..
p5210[0..

e p5211[0..
p5215[0..

e p5216[0..
p5220]0..

e p5221[0..
p5225[0..

e p5226[0..
p5230]0...
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.n]to
.n]

.n]to
.n]

.n]to
.n]

.n]to
.n]

.n]to
.n]

.n]to

n]

4.6 Current selpoint filter

Current setpoint filter 5 ... 10 activation

Current setpoint filter 5 (for distribution see current setpoint filter 1)

Current setpoint filter 6 (for distribution see current setpoint filter 1)

Current setpoint filter 7 (for distribution see current setpoint filter 1)

Current setpoint filter 8 (for distribution see current setpoint filter 1)

Current setpoint filter 9 (for distribution see current setpoint filter 1)

Current setpoint filter 10 (for distribution see current setpoint filter 1)
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4.7 Current controller

Generally, the current controller is only required for the first commissioning. No additional
settings are required in normal operation. You can further optimize the current controller
settings for special application.

Characteristics of the current controller
e Current controller acts as PI controller.
® 4 current setpoint filters
e Current and torque limitation
e Current controller adaptation is possible

e Closed-loop flux control is possible for an induction motor

Current and torque limitation

The current and torque limitations are initialized when the system is commissioned for the
first time and should be adjusted according to the application.

Current controller adaptation

The P gain of the current controller can be reduced (depending on the current) by means of
current controller adaptation. Current controller adaptation can be deactivated with the
setting p1402.2 = 0.

>4 Kp Proportional gain
p1715 lg torque-generating current
|
p1715-p0393 F—f—————=
| I .

p0391 p0392 lq

Figure 4-10 Current controller adaptation

Flux controller (for induction motor)

The parameters for the flux controller are initialized when the system is commissioned for the
first time and do not need to be adjusted.

Commissioning with STARTER

The "Current controller" parameter screen is selected with the |1 icon in the toolbar of the
STARTER commissioning tool.
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Function diagrams (see SINAMICS S120/S150 List Manual)

e 5700
e 5710
o 5714
o 5722

Servo control - Current control, overview
Servo control - Current setpoint filter 1 ... 4
Servo control - Iq and Id controller

Servo control - Field current / flux specification, flux reduction, flux controller

Overview of important parameters (see SINAMICS S120/S150 List Manual)

Current control

e p1701[0..
e p1715[0..
e p1717[0..

.n]
.n]

.n]

Current controller reference model dead time
Current controller P gain

Current controller integral time

Current and torque limitation

e p03230..
e p0326]0..
e p0640]0..
e p1520]0..
e p1521[0..
e p15220..
e p1523[0..
e p15240..
e p15250..

e r1526
e r1527

e p15280..
e p15290..
e p1530]0..
e p15310..
e p1532[0..

e r1533
e r1534
e r1535
e r1538

.n]
.n]
.n]
.n]
.n]
.n]
.n]
.n]

.n]

.n]
.n]
.n]
.n]

.n]

Maximum motor current

Motor stall torque correction factor

Current limit

CO: Torque limit, upper/motoring

CO: Torque limit, lower/regenerative

ClI: Torque limit, upper/motoring

Cl: Torque limit, lower/regenerative

CO: Torque limit, upper/motoring, scaling

CO: Torque limit, lower/regenerative scaling
CO: Torque limit, upper/motoring without offset
CO: Torque limit, lower/regenerative without offset
ClI: Torque limit, upper/motoring, scaling

ClI: Lower or regenerative torque limit scaling
Power limit, motoring

Power limit, regenerative

CO: Torque limit, offset

Current limit torque-generating, total

CO: Torque limit, upper total

CO: Torque limit, lower total

CO: Upper effective torque limit
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110

e r1539

CO: Lower effective torque limit

Current controller adaptation

e p03910..
e p03920..
e p03930..
e p1590]0..
e p15920..

.n]
.n]
.n]
.n]

.n]

Current controller adaptation, starting point KP

Current controller adaptation, starting point KP adapted
Current controller adaptation, P gain adaptation

Flux controller P gain

Flux controller integral time
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4.8 Autotuning

The term "Autotuning" comprises all drive-internal functions that adapt controller parameters
during operation based on internal measured variables.

The main applications of the autotuning functions are:
e Support of the commissioning
e Adaptation of the controller during major changes in the mechanical system

The set parameters are visible in the parameters, but not saved permanently.

Overview of the most important autotuning process

Processes Servo Vector Explanation

control control
Speed control- - X With p1960 = 3.4 the total moment of inertia is measured
ler optimiza- and the speed controller and acceleration precontrol are
tion: set as a result.
Automatic X - The speed controller is set automatically via the
controller set- STARTER with this process.
ting Filters are set automatically in the current setpoint arm

(e.g. for damping resonance) via the automatic controller
setting on the speed controller.

One Button X - With servo control the speed and EPOS controller can be
Tuning (OBT) optimized with this optimization process.

A control system is measured once and the controllers
are set as a result.

Online tuning X - With this optimization process the controller parameters
are determined from the constant estimated or parame-
terized moments of inertia (motor torque and moment of
inertia).

It is recommended in all cases where EPOS is used.

Online tuning can also be set if the engineering tool (e.g.
STARTER) cannot be used upon commissioning to opti-
mize the EPOS position controller.

If the measurement/optimization is not required on a
constant basis then deactivating online tuning again once
the controller data has been calculated and then perma-
nently saving the values determined for the controller
optimization and the filter settings (RAM to ROM) is rec-

ommended.
Current set- X - The current setpoint filter adaptation is provided for sys-
point filter tems that display a variable mechanical resonance fre-
adaptation quency during operation.

This way a selected current setpoint filter can be auto-
matically shifted to a mechanical resonance frequency.
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4.81

One button tuning

The speed controller and position controller of a drive can be automatically tuned with the
"One button tuning" function. This is a drive-internal function. Therefore, no external
engineering tool is required.

With OBT, the mechanical drive train is measured using short test signals. In this way, the
controller parameters can be optimally adapted to the existing mechanical system.

NOTICE

Unstable controller when manually changing the controller parameters during autotuning

If you wish to manually change a controller parameter, that the OBT automatically sets,

then this can result in an unstable controller and therefore material damage.

e Therefore, do not change the following parameters during the One Button Tuning:
p0430, p1160, p1413 - p1426, p1428, p1429, p1433 - p1435, p1441, p1460 - p1465,

p1498, p1513, p1656 - p1676, p1703, p2533 - p2539, p2567, p2572, p2573.

Restrictions:

Only the motor measuring system is taken into account when optimizing the position
controller. If an external measuring system is used for the position control, this can result in
an unstable controller setting. OBT also does not support different sampling times for current
controller and torque/speed controller. It is recommended not to use OBT for this
configuration.

Note

When using OBT in conjunction with function "Advanced Position Control (incl. Active
Vibration Suppression)" (APC), you must first deactivate the APC function.

Activating autotuning

112

You can configure the activation and deactivation of the autotuning function via parameter
p5300.

The following settings are possible:

Setting Explanation

-1 The "Autotuning" function is set inactive. The setting is automatically corrected to
p5300 = 0. The default settings for the speed controller and position controller are also
restored.

0 The "Autotuning" function is set inactive. The current setting of all controller parame-

ters are retained as volatile values. The parameters must be saved in the non-volatile
memory for permanent storage of the values determined for the speed controller and
position controller (p0977 = 1 or RAM after ROM).

1 The "One button tuning" function is active. A new calculation of the controller parame-
ters is performed once after the end of the one button tuning. p5300 = 0 is then set.

2 The "Online tuning" function is active. A new calculation of the controller parameters is
performed cyclically if the estimated moment of inertia changes.
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Note

Changing parameter p5300 changes parameters p5280 and p1400. Therefore after
deactivating the autotuning function check the accuracy of the configuration of parameters
p5280 and p1400 and amend these if required.

Configuring the "One button tuning"

The following settings are possible via p5301:

Bit

Effect

00

The speed controller gain is determined and set with the aid of a noise signal.

01

Any required current setpoint filters are determined and set with the aid of a noise signal. In
this way, a higher dynamic response can be achieved in the speed control loop.

02

With this bit, the moment of inertia is determined with the aid of a test signal. If this bit is not
set, the load moment of inertia must be parameterized manually in parameter p1498. The
test signal must first be set with parameters p5308 and p5309.

04

Possibly existing load oscillations (low-frequency resonance) are determined using a test
signal. The function detects frequencies in the range of approx. 2Hz to 95Hz. No external
measuring system is required for the load. The frequencies detected (zero positions and
pole positions) are displayed in p5294[0...2] and p5295[0...2]. A sufficiently large traversing
distance must be preset using parameter p5308 for this function.

05

In addition to the loan oscillation detection (see bit 04) an active attenuation is configured
for the load oscillation detected. In doing so, the frequency of the smallest zero position is
automatically entered in p3752. A requirement for this is the function module "Advanced
Positioning Control" (r0108.7 = 1) and p3700.2 = 1. The load moment of inertia must also
be determined using p5301.2 - or first manually entered in p1498.

After the function is performed, Advanced Positioning Control must be activated by setting
p3700.0 to 1.

07

With this function, these axes are adapted to the dynamic response set in p5275. This is
required for interpolating axes. The time in p5275 should be set with the lowest dynamic
response in accordance with the axis.

08

Using this bit, the moment of inertia is determined from the frequency response without
traversing path, and indicated in r5325. The frequency range to determine the moment of
inertia can be specified using p5323 and p5324. If bit 02 is not set, then the determined
moment of inertia is also transferred to p1498.
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Additional settings and displays

Parameter

Adjustment range

Factory
setting

Setting/display

p5271[0...
n]

0000 1100
bin

Configuring One Button Tuning The following settings are possible:

o Bit 03: Activates speed precontrol

Only relevant for EPOS.
e Bit 04: Activates torque precontrol

— If EPOS is active, then the torque precontrol from EPOS is
used (p2567).

— If EPOS is not active, then the speed/torque precontrol of the
speed controller is used (p1493, p1428, p1429).

e Bit 07: Activates voltage precontrol

r5276

Displays the estimated position controller gain for One Button Tuning

If position control is implemented using a higher-level open-loop con-
trol system, the open-loop control system can assume the values
displayed here.

r5277

Displays the estimated precontrol symmetrizing time of the position
controller for One Button Tuning

If position control is implemented using a higher-level open-loop con-
trol system, the open-loop control system can assume the values
displayed here.

p5292

25 %...125%

80%

Dynamic response factor for the P gain of the speed controller.
The speed control may become instable if the values are too high.

r5293

Display of the determined proportional gain of the speed controller
calculated from the FFT measurement through "One button tuning".

r5294

Display of the identified mechanical zero positions.

r5295

Display of the identified mechanical pole positions.

p5296[0]

1%...300%

10%

Setting the amplitude of the noise signal for the functions p5301.0 and
p5301.1. The value refers to the rated torque of the motor r0333.

p5296[1]

1%...300%

30%

Setting the amplitude of the noise signal for the functions p5301.4 and
p5301.5. The value refers to the rated torque of the motor r0333.

p5297[0]

-210000...210000
rpm
-210000...210000
m/min

0 rpm

0 m/min

Setting the rotational feed offset for the functions p5301.0 and
p5301.1.

This should prevent non-linear effects, such as backlash or stiction,
influencing the measured values.

p5297[1]

-210000...210000
rpm
-210000...210000
m/min

0 rpm

0 m/min

Setting the rotational feed offset for the functions p5301.4 and
p5301.5.

This should prevent non-linear effects, such as backlash or stiction,
influencing the measured values.

r5306[0...n
|

Status display of the auto tuning functions that have been executed.
The display refers to the last action of the p5300 (is therefore not
applicable for Button Tuning).
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Parameter Adjustment range Factory Setting/display
setting
p5308 0...30000 degrees 0 degree | Distance limit for “One button tuning”.

0...30000 mm 0 mm After activating the “One button tuning” (p5300), the traversing range
in the positive and negative directions is limited to the set distance
limit in degrees. A value of 360 degrees corresponds to one motor
revolution.

p5309 0 ms...5000 ms 2000 ms | Complete test signal (triangular).

Automatic pre-assignment

When the "One button tuning" function is activated, settings are made that should ensure the
safe and dynamic operation of the drive.

The mechanical drive train is measured with the aid of test signals. In this way, the controller
parameters can be calculated so that the drive train is set as dynamically as possible.

The test signals comprise, on the one hand, a noise excitation during which the drive
executes a motion with a superimposed noise signal for a few seconds. The following
settings are required for this:

® The speed controller gain is set with p5301.0 = 1.

Parameter p5292 is a multiplier for this gain. An amplitude reserve of 7 dB and 45° phase
margin is taken into account with p5292 = 100%.

® Current setpoint filters 2...4 are parameterized with p5301.1 = 1.

These filters are set in order to achieve greater gains in the speed control loop. Typically,
bandstop filters are applied to mechanical resonances. Filters are only set when a greater
speed controller gain p1460 can be achieved.

® Active oscillation damping is parameterized by setting p5301.5 to 1.

The frequency of the load oscillation detected is set in p3752 "Advanced positioning
control closed-loop controller pre-assignment for natural frequency of vibration". A
requirement for this is the function module "Advanced Positioning Control" (r0108.7 = 1)
and p3700.2 = 1. The load moment of inertia must also be determined using p5301.2 - or
first manually entered in p1498. Following this, Advanced Positioning Control must be
activated by setting p3700.0 to 1. An existing load oscillation can be dampened during
the positioning action using the oscillation damping control. Due to the spring moment
feedback, the synchronous operation could be worsened, which can have a negative
effect.

On the other hand, a very low frequency speed setpoint signal (triangular) is applied to the
drive. The motor makes a clearly visible movement. Distance amplitude and duration must
be set with parameters p5308 and p5309.

In this way, the moment of inertia of the drive train is estimated. All the remaining controller
parameters are set. The setting is performed in the same way as for "Online tuning".
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4.8.2 Online tuning
48.2.1 "Drive-based" online tuning

The "Online tuning" can be used with EPOS for simple positioning tasks. With the "Online
tuning" function, it is possible to automatically set robust controller parameters of a drive
during operation without user interaction. Through the online tuning, the relevant controller
parameters for the speed controller and position controller including precontrol are set
automatically. The automatic calculation of the controller parameters also depends on the
moment of inertia of the motor and the load. The load moment of inertia (p1498) can either
be parameterized manually or determined once or cyclically by activating the inertia
estimator (Page 530).

Note

The "Online tuning" function is activated via the "Inertia estimator (Page 530)" function
module.

NOTICE

Unstable controller for excessively low stiffness between the motor and load

Only the motor measuring system is taken into account for the calculation of the controller
parameters.

If a load-side measuring system is used for the position control, this can result in an
unstable controller setting if the motor shaft is not adequately stiff and there is a relatively
high load moment of inertia — which in turn can lead to material damage.

o If the stiffness is too low, reduce the load dynamic factor using p5273.

e For all DDS where the same EDS is assigned with TTL/HTL encoder, ensure that the
identical parameterization is used (e.g. p5300[0] = -1 and p5300[1] = -1, etc.).

NOTICE

Unstable controller when manually changing the controller parameters during autotuning

If you wish to manually change a controller parameter, that the "Online tuning"
automatically sets, then this can result in an unstable controller and therefore material
damage.

e Therefore, do not change the following parameters during the online tuning:
p1413, p1414 - p1426, p1428, p1429, p