SIEMENS

Function Manual

SINAMICS

S120

Drive functions

Edition 11/2017

www.siemens.com/drives







SIEMENS

SINAMICS

S120
Drive functions

Function Manual

Valid as of:
Firmware version 5.1

11/2017

6SL3097-4AB00-0BP5

Preface

Fundamental safety
instructions

Infeed

Extended setpoint channel

Servo control

Vector control

V/f control (vector control)

Basic functions

Function modules

Monitoring functions and
protective functions

© o0 N oo o b WD

Safety Integrated Basic
Functions

Communication

Applications

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.

/\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: 6SL3097-4AB00-0BP5

Division Digital Factory ® 11/2017 Subject to change
Postfach 48 48

90026 NURNBERG
GERMANY

Copyright © Siemens AG 2004 - 2017.
All rights reserved
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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).

Drive functions
Function Manual, 11/2017, 6SL3097-4AB00-0BP5


https://support.industry.siemens.com/cs/de/en/view/108993276
mailto:docu.motioncontrol@siemens.com
https://support.industry.siemens.com/My/ww/en/documentation
http://www.siemens.com/sitrain
https://support.industry.siemens.com/cs/de/en/ps/faq
http://www.siemens.com/sinamics

Preface

Usage phases and their documents/tools (as an example)

Table 1 Usage phases and the available documents/tools

Usage phase

Document/tool

Orientation

SINAMICS S Sales Documentation

Planning/configuration

SIZER Engineering Tool

Configuration Manuals, Motors

Deciding/ordering

SINAMICS S120 catalogs

SINAMICS $120 and SIMOTICS (Catalog D 21.4)

SINAMICS Converters for Single-Axis Drives and SIMOTICS Motors (Catalog D 31)

SINUMERIK 840 Equipment for Machine Tools (Catalog NC 62)

Installation/assembly

SINAMICS S120 Manual for Control Units and Additional System Components

SINAMICS S120 Manual for Booksize Power Units

SINAMICS S120 Manual for Booksize Power Units C/D Type
SINAMICS S120 Manual for Chassis Power Units, Air-cooled
SINAMICS S120 Manual for Chassis Power Units, Liquid-cooled

SINAMICS S120 Manual for AC Drives

SINAMICS S120 Manual Combi

SINAMICS S120M Manual Distributed Drive Technology
SINAMICS HLA System Manual Hydraulic Drive

Commissioning

STARTER Commissioning Tool

Startdrive commissioning tool

SINAMICS S120 Getting Started with STARTER
SINAMICS S120 Getting Started with Startdrive
SINAMICS S120 Commissioning Manual with STARTER
SINAMICS S120 Commissioning Manual with Startdrive
SINAMICS S120 CANopen Commissioning Manual
SINAMICS S120 Function Manual Drive Functions
SINAMICS S120 Safety Integrated Function Manual
SINAMICS S120/S150 List Manual

SINAMICS HLA System Manual Hydraulic Drive

Usage/operation

SINAMICS S120 Commissioning Manual with STARTER
SINAMICS S120 Commissioning Manual with Startdrive
SINAMICS S120/S150 List Manual

SINAMICS HLA System Manual Hydraulic Drive

Maintenance/servicing

SINAMICS S120 Commissioning Manual with STARTER
SINAMICS S120 Commissioning Manual with Startdrive
SINAMICS S120/S150 List Manual

References

SINAMICS $120/S150 List Manual
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Target group

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

Benefits

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

Standard scope

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.

® 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

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.
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Notation
The following notation and abbreviations are used in this documentation:
Notation for faults and alarms (examples):
e F12345 Fault 12345
e 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
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.

Drive functions
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Fundamental safety instructions

1.1

Drive functions

General safety instructions

AWARNING

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.

/\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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25




Fundamental safety instructions

1.2 Warranty and liability for application examples

1.2 Warranty and liability for application examples

The application examples are not binding and do not claim to be complete regarding
configuration, equipment or any eventuality which may arise. The application examples do
not represent specific customer solutions, but are only intended to provide support for typical
tasks. You are responsible for the proper operation of the described products. These
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

Drive functions

1.3 Industrial security

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 only represent one component of such a
concept.

The customer is responsible for preventing unauthorized access to its plants, systems,
machines and networks. Systems, machines and components should only be connected to
the enterprise network or the internet if and to the extent necessary and with appropriate
security measures (e.g. use of firewalls and network segmentation) in place.

Additionally, Siemens’ guidance on appropriate security measures should be taken into
account. For more information about industrial security, please visit:

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

Siemens’ products and solutions undergo continuous development to make them more
secure. Siemens strongly recommends to apply product updates as soon as available and to
always use the latest product versions. Use of product versions that are no longer supported,
and failure to apply 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).

/\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.

e 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.

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

Drive functions
Function Manual, 11/2017, 6SL3097-4AB00-0BP5 29



Infeed
2.1 Active Infeed

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 465)".
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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 46)")

Drive functions
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2.1 Active Infeed

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

32

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).
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2.1 Active Infeed

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.

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)
e 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

Firmware

Line filter
. Line reactor
. — bin® suBplydate Voltage Sensing Module
Active .
Infeed Manipulated [
variables . .
Control VActual values Active Line Module
=
DRIVE-CLIQ |

DC link

Figure 2-2  Schematic structure of Active Infeed chassis
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2.1 Active Infeed

Operating mode of Active Infeed closed-loop control for Active Line Modules chassis.

Commissioning

34

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.

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.
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2.1.3 Line supply and DC link identification

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.

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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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

<1> POWER ON = 24 V electronics power

supply OFF --> ON
or RESET button.

<2> STWAE .xx = control word sequence control

infeed bit xx,

ZSWAE .xx = status word sequence control

infeed bit xx
<3> r0002 = status indicator

Figure 2-3

36

POWER ON <1>

v

S1: Switching on inhibited

<2>

ZSWAE.6=1
ZSWAE.0/1/2=0

4x
<3>

v

"Commissioning completed”
(p0010 = 0 and p0009 = 0) —
"0 = OFF1" (STWAE.0) —(
<2>
"0 = OFF2" (STWAE.1) —

24V at EP terminals power —]

unit

v

<2

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

<3> Line contactor is open
Wait for switch on

v

"0 = OFF1"

&

(STWAE.0)

<2>

p0862
Switch-on delay |—P

L Z
=

(~ S3a: Line contactor contactor
SWItCh on
J

<2>

\ Precharging
4
(" S3: Ready

ZSWAE.0/1 =1 21

ZSWAE.2/6 =0

<3>

Line contactor is closed

J

"Enable operation" | g

(STWAE.3)
<2>

( <2>

S4: Operatlon

ZSWAE.0/1/2 = 1
ZSWAE.6 =0

<3>

Enable pulses and controller
V DC ramped up

Active Infeed power-up
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Infeed

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 PROFIdrive
word control word telegram 370
ON/OFF1 STWAE.O p0840 ON/OFF1 r0898.0 E_STW1.0
OFF2 STWAE.1 p0844 1 OFF2 and p0845 2 r0898.1 E_STW1.1
OFF2
Enable operation STWAE.3 p0852 Enable operation r0898.3 E_STW1.3
Disable motor operation | STWAE.5 p3532 Disable motor operation r0898.5 E_STW1.5
Inhibit regenerating STWAE.6 p3533 Inhibit regenerating r0898.6 E_STW1.6
Acknowledge fault STWAE.7 p2103 1 Acknowledge or p2104 | r2138.7 E_STW1.7
2 Acknowledge or p2105
3 Acknowledge
Master control by PLC STWAE.10 p0854 Master control by PLC r0898.10 E_STW1.10

Drive functions
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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
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.

38

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

— A negative reactive current setpoint causes an inductive reactive current (overexcited
operation).

— A positive reactive current setpoint generates a capacitive reactive current
(underexcited operation).

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 rO075 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.

Drive functions
Function Manual, 11/2017, 6SL3097-4AB00-0BP5



Infeed
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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.

Example: Setting the harmonics controller

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 p0069I[0 ... 2] (U, V, W) can be checked using the trace function of
the commissioning tool.

21.7 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.

Drive functions
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2.1 Active Infeed

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 103)).

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.

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

2.1.8 Function diagrams and parameters

Function diagrams (see SINAMICS S120/S150 List Manual)

40

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)

Drive functions
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2.1 Active Infeed

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

e 10002
e r0046.0...29
e r0069[0...8]
e p0210[0...1]
e p0220[0...1]
e p0280

e p0840

e p0844

e p0852

e r0898.0...10
e r0899.0...12
e r2138.7..15
e r2139.0..15
e p3400

e r3405.0...7

e p3410

o r3411[0...1]
o r3412[0...1]
e p3508

e p3510

e p3533

e p3560

e p3610

e p3611

e p3624[0...1]
e p3625[0...1]
e r3626[0...1]

Drive functions
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Infeed operating display

CO/BO: Missing enable signals

CO: Phase current actual value

Device supply voltage

Infeed line filter type

DC link voltage maximum steady-state

Bl: ON/OFF (OFF1)

Bl: No coast down / coast down (OFF2)

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 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
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2.1 Active Infeed

42

Parameterizable bandstop filters

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

Drive functions
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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

Drive functions
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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 l Volta
! ge
=l = 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 46)")

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.

Drive functions
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2.2.1

2.2 Smart Infeed

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

Drive functions

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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2.2 Smart Infeed

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:

e 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).

Drive functions
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Switching on the Smart Line Module

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

Power unit

<1> POWER ON = 24 V electronics

supply OFF --> ON or RESET button.

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

<3> r0002 = status indicator

Figure 2-6 ~ Smart Infeed power-up

Drive functions
Function Manual, 11/2017, 6SL3097-4AB00-0BP5

<2>

"Enable operation" Py

2.2 Smart Infeed

POWERON <1>

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

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

<2>

E?P Line contactor is open

"0 = OFF1"
(STWAE.0)

p0862 T o
Switch on }—b |—|

Wait for switch on /

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

(STWAE.3)

<2>

S4: Operation
ZSWAE.0/1/2 = 1 00
<2>  ZSWAE.6 =0 <3>

Pulses enabled
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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 Bl: 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 BI: 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

48
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2.2 Smart Infeed

Table 2- 6 Smart 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

Precharging completed ZSWAE. 11 r0899.11 E_ZSW1.11

Line contactor closed ZSWAE.12 r0899.12 E_ZSW1.12

224

Function diagrams (see SINAMICS S120/S150 List Manual)

Drive functions

8810
8820
8826
8828
8832
8838
8850
8860
8864

Function diagrams and parameters

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

Function Manual, 11/2017, 6SL3097-4AB00-0BP5
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2.2 Smart Infeed

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

50

r0002

r0046.0...

p0210
p0840
p0844
p0852

r0898.0...
r0899.0...
r2138.7...
r2139.0...

p3400

r3405.0..

p3410
p3421
p3422
p3440
p3533

29

10
12
15
15

a7

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

Infeed DC link capacitance

Smart Mode configuration

Bl: Infeed, inhibit regenerative operation

Drive functions
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2.3

Features

Description

Drive functions

Basic Infeed

® For Basic Line Modules chassis and booksize

e Unregulated DC link voltage

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

2.3 Basic Infeed

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 ¢

Figure 2-7

—
DRIVE-CLIQ

Basic Line Module

Temperature
Braking resistor

at 20 kW and 40 kW
Braking Module

DC link

Function Manual, 11/2017, 6SL3097-4AB00-0BP5

Schematic structure of Basic Infeed booksize

Braking resistor (optional)
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2.3 Basic Infeed

Commissioning

52

Line supply

Main switch

I

Fuses

Line contactor (optional)

Control Unit |
Line filter (optional)
/  Firmware |
Line reactor
Basic . . |
—Manipulated varlableg 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

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.

Drive functions
Function Manual, 11/2017, 6SL3097-4AB00-0BP5



Infeed

2.3.1

2.3 Basic Infeed

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

/\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

Drive functions

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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2.3 Basic Infeed

Switching on the Basic Line Module

"Commissioning completed"
(p0010 = 0 and p0009 = 0)
"0 = OFF1" (STWAE.0) —(
<

"0 = OFF2" (STWAE.1)

24 'V at EP terminals

POWER ON <1>

|

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

Power unit

S2: Ready for switching on
2 ZSWAE.O =1 32
<£>ZSWAE.1/2/6 =0 |<3>
k Line contactor is open )
Wait for switch-on

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

I
p0862
Switch on }—D }u{
delay
é S3a: Close line ’%
contactor <3>

\_ Precharging )
\

4 S3: Operation

ZSWAE.0/1/2 = 1
<2>  7SWAE.6 =0 <3>

Pulses and controller enabled,
\_ Vdc ramped up J

Figure 2-9  Basic Infeed power-up

54

<1> POWER ON = 24V electronics
supply OFF --> ON or RESET button.

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

<3> r0002 = operating display

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).

Drive functions
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2.3 Basic Infeed

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.

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 BIl: 2nd acknowledge faults or
p2105 BI: 3rd acknowledge faults
Master control by PLC | STWAE.10 | p0854 BIl: 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

Drive functions
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2.3 Basic Infeed

2.3.2 Function diagrams and parameters

Function diagrams (see SINAMICS S120/S150 List Manual)

8710
8720
8726
8732
8738
8750

8760

Basic Infeed overview

Basic Infeed - Control word, sequence control, infeed
Basic Infeed - Status word, sequence control, infeed

Basic Infeed - Sequencer

Basic Infeed - Missing enables, line contactor control

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

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

Overview of important parameters (see SINAMICS S120/S150 List Manual)
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r0002
r0046.0.
p0210
p0840
p0844
r0898.0.
r0899.0.

p1240[0..
p12800..

r2138.7.
r2139.0.
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

BI: Inhibit Braking Module internally

Drive functions
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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
L2
i { L3

Line connection

as an output DI/DO8

p0728.8 =1 X122.7
<1>

—e————»Jr0863.1) )p0738 = r0863.1——O—
Line contactor ON DI/DO 9 %_-_ - ___E__i
11

Line contactor X122.8
Feedback signal

Line Cofgigg < [p0860 = 0723.9C (p0723.9 I—CIE O

p0861 =
100 ms

1

— IT 9p ; Fault

=1 » FO07300
1 | | “Line contactor

feedback signal
missing"

Active Line Module

<1> The current load capability of the
outputs must be observed. A
contactor relay may have to be used

I
i

L=] [=] |

Figure 2-10 Line contactor control

Drive functions
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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 an inverted input signal r0723.9.

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)

58

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

Drive functions
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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.

Unlike Basic Line Modules in frame sizes FB and GB, a Basic Line Module in frame size GD
requires a separate precharging circuit. The bypass contactor must be designed as circuit
breaker.

The precharging circuit comprises a precharging contactor and precharging resistors; the
circuit must be protected against overcurrent using suitable protection measures. To
increase the permissible DC-link capacitance, the precharging resistors can also be
connected in parallel in each phase.

Further information:

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

Procedure during power ON/OFF

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.

Drive functions
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2.5 Precharging and bypass contactor chassis

Drive functions
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Extended setpoint channel 3

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 61)").

The extended setpoint channel is always activated in vector control.

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

3.1.1

Drive functions

® 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.
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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 467)").

v

Figure 3-1

Setpoint sources

Setpoint channel

Motor control

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

Properties of the extended setpoint channel

62

a—

Main/supplementary setpoint,
setpoint scaling

v

Direction limiting
direction reversal

v

Skip frequency bands
setpoint limiting

v

Ramp-function generator

Motor control
Servo/vector

Extended setpoint channel

Main/supplementary setpoint, setpoint scaling

Direction limitation and direction reversal

Suppression bandwidths and setpoint limitation

Ramp-function generator

Drive functions
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3.7 Fundamentals

Setpoint sources

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
e Motorized potentiometer
* 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)

Drive functions
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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)

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

Invert 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
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)

64

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
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)

Drive functions
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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..

Drive functions
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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
generator

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

Drive functions
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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] ‘
() 7 >
Supplementary +
setpoint
[p1075[C] |
© »x] - o >

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

Drive functions
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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

Drive functions
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Properties

Drive functions

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" Y
(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> s 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

Drive functions
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3.4 Speed selpoint

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

p1055[0...n] Bl: Jog bit 0
p1056[0...n] Bl: Jog bit 1
e p1058[0...n] Jog 1 speed setpoint

e p1059[0...n] Jog 2 speed setpoint
e p1082[0...n] Maximum speed

e p1120[0...n] Ramp-function generator ramp-up time
e p1121[0...n] Ramp-function generator ramp-down time
3.4.3 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 positive direction of rotation

_——1111 C
1 = Block negative direction of rotation
p1110[C]
1 = Setpoint inversion
p1113[C]
A 4 A y
0 0 0
— e~ R
1

l1

A 4
% ’_

4

A\ 4

y
Suppression bandwidths
Setpoint limiting

v

Ramp-function generator

v

Motor control

Figure 3-6  Direction of rotation limiting and direction of rotation reversal
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3.4 Speed selpoint

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 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

Drive functions
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3.5 Speed limiting

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

1]

n_min
- [ptos8[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.

Drive functions
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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

Drive functions
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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:

® 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

76

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]

Drive functions
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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 >
p1082 Ll
X
/ \
g N R
: >
|/
s
H
-p1082 _—— - v
1 1
dy/dt IR FR{ 1R FR {IR FR IR{ {FR
> > ! “— > “—> i i€—>!
1 1
» t
< » < — »
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]

6SL3097-4AB00-0BP5
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Extended setpoint channel

3.6 Ramp-function generator

® 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.

Drive functions
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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

v generator /
7 \\ / p1145
7 /i/’ D
// )\ /% \
Speed actual value Speed actual value
> >

t1 t2 t1 2

Figure 3-10 Ramp-function generator tracking

Drive functions
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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.

e {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.




Extended setpoint channel

3.6 Ramp-function generator

Standard ramp-function generator tracking

act

\
n - M
REG M, = Load torque UEL
M,

RFG output Actual speed vallie

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.
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

Figure 3-11

80

v

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.

Drive functions
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3.6 Ramp-function generator

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 T ’
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
e Control signal STW1.5 Start/stop ramp-function generator
e Control signal STW1.6 Enable setpoint

e Control signal STW2.1 Bypass ramp-function generator

Drive functions
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3.6 Ramp-function generator

Function diagrams (see SINAMICS S120/S150 List Manual)

3001
3060
3070
3080

Setpoint channel overview
Setpoint channel - Basic ramp-function generator
Setpoint channel - Extended ramp-function generator

Setpoint channel - Ramp-function generator selection, status word,
tracking

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

82

p1051[0..
p1052[0..
p1083[0..
p1115

r1119

p1120[0..
p1121[0..
p1122[0..
p1130[0..
p1131[0..
p1134[0..
p1135[0..
p1136[0..
p1137[0..
p1138[0..
p1139[0..
p1140[0..
p1141[0..
p1143[0..
p1144[0..
p1145[0..

p1148 [0...

r1149
r1150

p1151 [0...

p1400]0...

.n]
.n]

.n]

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

.n]

n]

n]

Cl: Speed limit in RFG, positive direction of rotation
Cl: Speed limit RFG, negative direction of rotation
CO: Speed limit in positive direction of rotation
Ramp-function generator selection

CO: Ramp-function generator setpoint at the input
Ramp-function generator ramp-up time
Ramp-function generator ramp-down time

Bl: Bypass ramp-function generator

Ramp-function generator initial rounding time
Ramp-function generator final rounding time
Ramp-function generator rounding type

OFF3 ramp-down time

OFF3 initial rounding time

OFF3 final rounding time

Cl: Ramp-function generator ramp-up time scaling
Cl: Ramp-function generator, ramp-down time

Bl: Enable ramp-function generator/disable ramp-function generator
BI: Continue ramp-function generator/Freeze ramp-function generator
Bl: Accept ramp-function generator setting value
Cl: Ramp-function generator setting value
Ramp-function generator tracking intensity

Ramp-function generator tolerance for ramp-up and ramp-down
active

CO: Ramp-function generator acceleration
CO: Ramp-function generator speed setpoint at the output
Ramp-function generator configuration

Speed control configuration
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Servo control

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.

Drive functions
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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-CLIQ (Page 1014)"

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 V/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 ps or

speed controller sampling times

1.6 ms/2 ms)

V/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 V/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 1007)"

84
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Servo control

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

e Reluctance motors - textile (only for
V/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

V/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
induction motors

< 16 field-weakening threshold speed
(with encoder)

< 5 field-weakening threshold speed
(without encoder)

< 5 rated motor speed

Drive functions

Function Manual, 11/2017, 6SL3097-4AB00-0BP5

85



Servo control

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
infeeds
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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Servo control

4.1

Drive functions

4.1 Technological application

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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Servo control

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 Ly
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

88

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.

Drive functions
Function Manual, 11/2017, 6SL3097-4AB00-0BP5



Servo control

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

Drive functions
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Servo control

4.3 Speed setpoint filter

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 Deep pass PT1 Deep pass PT2
Natural frequency Damping .
Counters Counters Natural frequency Damping
fn_z Dz 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.

Drive functions
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Servo control

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..

Drive functions
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.n]
.n]
.n]
.n]
.n]
.n]
.n]

.n]

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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Servo control

4.4 Speed controller

4.4

441

Properties

Limits

92

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
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Servo control

4.4 Speed controller

4.4.2 Speed controller adaptation

There are two types of adaptation available: The free K,_» adaptation and the speed-
dependent Kp_n/Tn_n adaptation.

Free Ky_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 Kp_» 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  p1470[D]
Adaptation signal 1 \ v 100 %_Q(\

referred to
p200x or p205x

»X

x “o- X
X 7° 7y
A

4

Adaptation signal 2 1458[D] p1456[D] p1457[D]

p1466[C
(@) Sk >To the speed
p1400.0[D] controller without
I encoder
Dynamic redu(?tion, field R ’ﬁO_
weakening >
°7

Tn_n_basic (p1472) ;2
1460[D] Xt—

y
Speed-dependent Kn_p R \——E > )
adaptation g i
To the speed
p1462[D] >controller with
5 encoder
—\\ _
Speed-dependent Tn_p > J
adaptation T°

Figure 4-4 Free Ky_n adaptation
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Servo control

4.4 Speed controller

Example of speed-dependent adaptation

Note

This type of adaptation is only active when the drive is operated with an encoder!

Kp_n  Proportional gain
Tn_n Integral time

p1463 - p1462

Kp_n _]

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

o 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

Drive functions
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4.4 Speed controller

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
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

Drive functions
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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] - ] . /'\T

e.9. p2900 [p1512[C]
}—ﬂ (10211 > > 0)

p1513[C]
©)

Figure 4-6  Torque setpoint

3. Issue the enable signals.

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.

Drive functions
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4.4 Speed controller

e OFF3

Switch to speed-controlled operation

n_set = 0 is 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)

e p1300[0...n] Open-loop/closed-loop control operating mode
e r1406.8...12 CO/BO: Control word, speed controller

e p1501[0...n] Bl: Change over between closed-loop speed/torque control

e p1511[0...n] ClI: Supplementary torque 1

e p1512[0...n] Cl: Supplementary torque 1 scaling

e p1513[0...n] ClI: Supplementary torque 2

e r1515 Supplementary torque total

Drive functions
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4.5

Properties

98

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).

® 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

Drive functions
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4.5 Torque setpoint limitation

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

Drive functions

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

Drive functions
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Activating the torque limits

4.5 Torque setpoint limitation

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.

Examples

® 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
o 5640

Drive functions

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
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4.5 Torque setpoint limitation

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

102

p0640]0..
p1400]0..

r1508
r1509
r1515

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

r1526
r1527

p1528[0..
p1529[0..
p1530[0..
p1531[0..
p1532[0..

r1533
r1534
r1535
r1538
r1539

.n]

.n]

.n]
.n]
.n]

.n]

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

.n]

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

ClI: Torque limit, upper/motoring

Cl: Torque limit, lower/regenerative

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

Cl: 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

CO: Torque limit, lower total

CO: Upper effective torque limit

CO: Lower effective torque limit

Drive functions
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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.

Drive functions

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.
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4.6 Current selpoint filter

9. 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.

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:

104

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

Bandstop

Low-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.

Drive functions
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4.6 Current selpoint filter

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.

p1656[D].0
r1650 p1656[D].3
- o UN
& o
1 O
7
fn_n
p1658[D] fn_n
D.n p1673[D]
Y p1659[D] T D
-1 y  p1674[D]
v p1657[D] -1
] v p1672[D]
Y. 4 lyl
X P D y O LR v
TN = S g
fn — > t O
f 10 fn o o
PT2 f 1
<2> PT2
<2>
fn_z D_z
p1660[D] p1661[D] fn_z D z
p1675[D] p1676[D]
Iyl
Iyl
X y
| ] \ / v | ) ,
<1> L] e
f <1>

f
| | <1> General 2nd order filter
<2> PT2 low pass | |

fo_n D_n

p1658[D] p1 65_9[D] fn n
p16731BT4[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.

Drive functions
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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

I IR ) T ST O
= o o (_3dB) [
T AR AR e ai
3 ' [
20 5--+ -4
] '
R 3
4 i
R ity i

—_
L=
=
=

200
150

100 Sorun o
i

a0

A0 DRI
"

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

f = (500 Hz)

ILl—E---:--:-: fBB=500HZ:---¢-T-
i A i
E 1
203 -t
]
Ap 3 -
4
B0 - -

—_

1000

200 o
150
100

a0

EEERTIT
-60 LUW Lol o
OO

106

Drive functions
Function Manual, 11/2017, 6SL3097-4AB00-0BP5



Servo control

4.6 Current selpoint filter

Simplified conversion to parameters for general order filters:

4.6.3 Bandstop with defined notch depth

Table 4- 5 Example of band-stop with defined notch depth

Reduction or increase after the blocking frequency (Abs)

Infinite notch depth at the blocking frequency

Numerator natural frequency fz = fsp

Numerator damping Dz =0

Denominator natural frequency fn = fsp

Denominator damping:

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

200
150
100
a0
0
=50
100
150
200

1 0 100 000

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

® Numerator damping:

e Denominator natural frequency fn = fsp

f

BB

K
2fsp' 1020

D.=

z

® Denominator damping:

Drive functions
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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

-10dB

1 0 100 1000

200
150

100 [ TP R TR TT .
o i

50 e
p e
=40
100
150
200

108

General conversion to parameters for general order filters:

e Numerator natural frequency:

f,=aZ =f
z o Sp

® Numerator damping:

2
Ko 1],

BB

Ab:
10 ) f210%
e Denominator natural frequency:

w, Abs
= 21‘[=f3p' 10 40

® Denominator damping:
f

BB
DN_ Abs

2f,- 1070

Drive functions
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4.6.5

Table 4-7

General low-pass with reduction

Example of general low-pass with reduction

4.6 Current selpoint filter

Filter parameters

Amplitude log frequency curve

Phase frequency curve

Characteristic frequency
fabs = 500 Hz

Damping D = 0.7
Reduction Abs =-10 dB

1
1
-F =
1
1
1

A
Abs = (-10dB)

200
150
100

a0

1 0 100 000

Conversion to parameters for general order filters:

e Numerator natural frequency fz = faps (start of reduction)

® Numerator damping:

f,= fAbs

Abs
10 40

e Denominator natural frequency fn

® Denominator damping Dn

Drive functions
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4.6.6 Transfer function general 2nd order filter

i2+2DZ. +1
2mf, ) " omf, S

© s 2 2D,
onf, | Tomt, St

Numerator natural frequency fz

Numerator damping Dz
Denominator natural frequency fx

Denominator damping Dn

Table 4- 8 Example of general 2nd order filter

Filter parameters Amplitude log frequency curve Phase frequency curve

Numerator frequency fz =
500 Hz

Numerator damping Dz
=0.02dB

Denominator frequency
fn =900 Hz

Denominator damping
Dn=0.15dB

200
150
100

50
]
-50
100
150

ot
i 200

1 0 100 1000

4.6.7 Function diagrams and parameters

Function diagrams (see SINAMICS S120/S150 List Manual)

e 5700 Servo control - Current control, overview
e 5710 Servo control - Current setpoint filters 1 ... 4
e 5711 Servo control - Current setpoint filters 5 ... 10 (r0108.21 = 1)

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

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

e p1662[0..
p1666]0..

e p1667[0..
p1671[0..

e p1672[0..
p1676][0..

e p1699
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...

Drive functions
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.n]

.n]to
.n]

.n]to
.n]

.n]to
.n]

.n]

.n]to
.n]

.n]to
.n]

.n]to
.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
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.

Drive functions
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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

Drive functions

.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
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114

e r1534
e r1535
e r1538
e r1539

CO: Torque limit, upper total
CO: Torque limit, lower total
CO: Upper effective torque limit

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

Drive functions
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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
control

Vector
control

Explanation

Speed controller
optimization:

X

With p1960 = 3.4 the total moment of inertia is measured
and the speed controller and acceleration precontrol are
set as a result.

Automatic
controller setting

The speed controller is set automatically via the
STARTER with this process.

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
tuning

With servo control the speed and EPOS controller can be
optimized with this optimization process.

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

Online tuning

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 setpoint
filter adaptation

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

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

Drive functions
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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 "One button tuning”, the mechanical drive train is measured with the aid of 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 "One Button 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 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. The "One button tuning" function also does not support
different sampling times for current controller and torque/speed controller. It is recommended
not to use the "One button tuning" function with this configuration.

Activating autotuning

116

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.

Drive functions
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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.

Drive functions
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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 Factory Setting/display
range 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

Drive functions

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 583).

Note

The "Online tuning" function is activated via the "Inertia estimator (Page 583)" 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.

e 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, p1433 - p1435, p1441, p1460 - p1465, p1656 -
p1676, p1703, p2533 - p2539, p2567.

Drive functions
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Activating autotuning

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).

1 The "One button tuning" function is active. A new calculation of the controller parame-
ters is performed once. 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.

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 online tuning

Drive functions

Sequence:
1. Activate the online tuning via p5300 = 2.
2. Configure the sequence control via parameter p5302.

3. Configure the controllers via parameter p5271.

Note
Saving
The parameters must be saved in the non-volatile memory for permanent storage of the

values determined for the speed controller and position controller (RAM to ROM or p0977 =
1). In this way, the start values for the online tuning are retained, e.g. after POWER ON.

Note
Function and supplementary conditions for the inertia estimator

Note the information in Section Inertia estimator (Page 583).

Function Manual, 11/2017, 6SL3097-4AB00-0BP5 121



Servo control

4.8 Autotuning

122

Note
Resetting the inertia estimator

Through deactivation and renewed activation of the online tuning, the estimated load
moment of inertia and the load torques are reset.

Setting the sequence control:

The following sequence control settings can be made via p5302:

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

"Function is being prepared"

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.
"Function is being prepared"

02 With this bit, the moment of inertia is determined with the aid of the inertia estimator. 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.

03 e |f"Once" is parameterized, the inertia estimator is deactivated after successful determi-
nation of the moment of inertia p1498. The parameters must then be saved retentively
(p0977=1).

e [f "Cyclically" is parameterized, the moment of inertia is determined continuously and
the controller parameters adapted. After the moment of inertial has been determined
successfully (r1407.26 = 1), it is recommended that you save the parameters so that the
controller does not have to resettle after a POWER ON.

06 The function Current setpoint filter adaptation (Page 127) is enabled once this bit is activat-
ed. This function can be useful for damping a variable resonance in the mechanical system.

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.

Parameterizing the controller

You can parameterize the controller as follows via parameter p5271:

e Evaluate the estimated load for the speed controller gain with p5273.
e Activate the speed precontrol for the basic positioner (EPOS).

e Activate torque precontrol.

e Only with activated speed precontrol (bit 3) or torque precontrol (bit 4): Use the controller
as PD controller in the position control loop to increase the dynamic response of the
position controller.

® Determine the maximum acceleration limits for the basic positioner (EPOS).
e Do not change the Kp (speed controller gain).

e Activate the torque precontrol.

Drive functions
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Additional settings and displays
e Set the dynamic response factor (p5272) for the entire P gain of the speed controller.

e Set the estimated load moment of inertia component for the P gain of the speed controller
with the load dynamic response factor (p5273).

e Display the estimated dynamic response (r5274) of the speed control loop as PT1 time
constant.

e Set the same time constants for the dynamic response time constant (p5275) so that the
interpolating drives receive a defined dynamic response via the precontrol. However, this
does not always ensure positioning without overshoot.

e The estimated Kv factor is displayed (r5276). This value can be used for a higher-level
control system, to set the position controller gain. Precondition: DSC is active in the drive.

® The estimated precontrol symmetrizing time is displayed (r5277). This value can be used
for a higher-level control system, to symmetrize the position controller precontrol.
Precondition: DSC is active in the drive.

4822 Automatic pre-assignment and adaptation during operation

Automatic pre-assignment
When the "Online tuning" function is activated, settings are made that ensure the safe
operation of the online tuning.
Current setpoint filter

The natural frequency of the first PT2 filter behaves proportional to the current controller and
speed controller cycles. The faster the sampling, the higher the positive feedback frequency
and therefore the higher the frequency must be set for the current setpoint filter.

A lower dynamic response via p5272 makes the control loop less sensitive to resonance
from the drive train.

A higher dynamic response via p5272 makes the control loop more sensitive to resonance
from the drive train.

The instability of the control loop through resonance can also be avoided through the
parameterization of additional bandstop filters in the current setpoint.
Actual speed value filter

An actual speed value filter is required, for example, when the resolution of the encoder is
relatively poor. Depending on the encoder resolution and the motor moment of inertia, an
actual speed value filter (p1441) is calculated. The time constant of the actual speed value
filter is taken into account in the calculation of the controller parameters.

Adaptive resonance filter

The limit frequencies for the adaptive resonance filter are pre-assigned according to the set
sampling time. These can be changed manually.

Drive functions
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Adapted controller parameters

124

As soon as the "Online tuning" is active, the controller parameters are adapted to the
estimated moment of inertia. However, the controller parameters are only recalculated when
the moment of inertia has changed more than 5% compared to the last calculation.
Otherwise the controller settings are not changed.

All adaptive controller settings also depend on the moment of inertia, e.g. determined by the
estimator. If p5271.2 = 1 is set, the Kp factor depends directly on this moment of inertia.

All other variables are only indirectly dependent on the moment of inertia.

Kp (speed controller gain)

The speed controller gain is set proportional to the motor moment of inertia. The gains are
proportional to the dynamic response factor p5272. An adaptation of the Kp factor depending
on the estimated moment of inertia is only performed when p5271.2 is set.

Parameter p5273 is used to set how many percent of the estimated load moment of inertia is
to be taken into account as effective moment of inertia for the calculation of the Kp factor.
With 0%, only the motor moment of inertia is effective, with 100%, the total moment of inertia
is used for the calculation of the Kp factor.

When calculating the speed controller gain, the time constants of the parameterized current
setpoint or actual speed value filter are also taken into account.

Tn (integral time, speed controller)

The integral time results from the estimated dynamic response of the speed control loop
(r5274).

Reference model

The reference model adapts the speed setpoint for the integrator input of the speed
controller to the dynamic response of the speed controller. This reduces speed overshoots
during setpoint changes.

Position controller
Two cases can be selected for the position control via bit p5271.0.

® p5271.0 = 0 (not active)

In this case, the position controller acts like a normal closed-loop P controller. The
position controller gain (servo gain factor) is adapted depending on the estimated
dynamic response of the speed control loop and the sample times.

® p5271.0 = 1 (active)

If this bit is set and the estimated dynamic response (r5274) is greater than 16 ms, then
the first speed setpoint filter is parameterized as D filter. With the parameterization, the
gain for higher frequencies is greater and the filter has a more differentiated effect in the
bandwidth of the speed controller (larger phase reserve). This corresponds to a PD
controller. The servo gain factor may then be increased significantly.

The precontrol balancing is also adapted.

The balancing of the speed controller precontrol depends on parameters p5271 and p5275.
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Positioning axes

4.8 Autotuning

Determining the maximum acceleration limits

Prerequisite is that the pulses have been disabled in the drive and the maximum moment of
inertia has been determined.

The maximum target acceleration for the basic positioner (EPOS) is determined with the aid
of the inertia estimator. This is performed only once after the activation of bit p5271.5. The
load torques and a control reserve of 20% are taken into account.

The user must decide to what extent this maximum acceleration is permissible for the
mechanical system of the machine (elastomechanical system) or for the thermal load
capability of the motor (depending on the load cycle). The calculated acceleration (p2572) or
deceleration (p2573) may have to be reduced by the commissioning engineer.

Application examples

A positioning axis application can always be used when an axis performs a point-to-point
motion independent of other axes. p5302.7 = 0 must be set.

The axis is tuned for positioning without overshoot.

Interpolating axes

Drive functions

EPOS position controller with higher-level controller

Interpolating axis applications are required when several axes jointly perform a path motion,
for example, in which the deviation to the contour should be as small as possible. Parameter
p5302.7 = 1 must be set. The precontrol must not be switched off subsequently.

The controlled dynamic response is set with parameter p5275. All interpolating axes must
have the same value.

With values that are too small, the axis can overshoot during positioning. If this has a
negative effect on the application, the value in p5275 must be increased in all axes. The axis
with the largest estimated time constant (r5274) in the settled state is the determining axis.
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48.2.4

Drive vibrates

Problem handling

If the drive vibrates audibly, then the speed controller may have become instable at a
mechanical resonance.

Remedy:

e The instability in the control loop through resonance can be avoided by parameterizing
bandstop filters in the current setpoint.

® Activate the adaptive resonance filter (see Section "Current setpoint filter adaptation
(Page 127)") and, if required, traverse forward and backward and wait a few seconds to
see whether the oscillation stops. If the whistling stops and also can no longer be heard
during operation, then the axis is ready.

e |[f required, the dynamic response of the axis can now be increased. To do this, the value
of parameter p5272 can be increased. If the drive then vibrates again, parameter p5272
should be reduced again.

Behavior at low speeds

If the drive has an encoder with poor resolution, the motor may hum at very low speeds or at
standstill.
Remedy:

® [ncrease the actual speed value smoothing (p1441) or reduce the dynamic response
(p5272).

e Set parameter p5271.1 to reduce the controller gains for low speeds.

Poor positioning behavior

126

Poor positioning behavior is possible when the dynamic response of the drive is relatively
low.

The achievable dynamic response depends on the quality and the dimensioning of the
elastomechanical drive train.
Remedy:

Increase the value of parameter p5272 in order to increase the dynamic response of the
drive. The drive may become instable if the values are too high (see, for example, "Drive
vibrates").

Drive functions
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48.3.1

4.8 Autotuning

Current setpoint filter adaptation

Activating/deactivating the current setpoint filter adaptation

The "Current setpoint filter adaptation” function is used to automatically shift a selected
current setpoint filter to a mechanical resonance frequency.

The function is particularly recommended for systems that display a variable mechanical
resonance frequency during operation. If this system also contains non-variable mechanical
resonance frequencies, they must be suppressed via fixed current setpoint filters.

If the system only contains non-variable mechanical resonance frequencies, they must be
suppressed exclusively with fixed current setpoint filters. Instead of the current setpoint filter
adaptation, use the " One button tuning" (Page 116)" for this.

Note

The "Current setpoint filter adaptation” function is activated for S120 drives together with the
"Moment of inertia estimator (Page 583)" function module.

Settings of the adaptive current setpoint filter

Drive functions

You can configure the activation and deactivation of the current setpoint filter adaptation via
parameter p5280.
The following settings are possible:

Setting Explanation

-1 The "Current setpoint filter adaptation" function is deactivated together with the as-
signed filter (see p5281).

With this setting, not only the adaptation, but also an assigned filter is deactivated. The
associated bit is automatically deleted in parameters p1656 and p5200. However, the
filter is not reset in its characteristic, it retains the values saved last. In contrast, the
adaptation parameter is automatically reset to 0.

0 The "Current setpoint filter adaptation" function is inactive.

The adaptation is deactivate with this setting. However, a filter assigned to the adapta-
tion can still be active. The filter function is not affected by this setting.

1 The "Current setpoint filter adaptation" function is permanently active.

A mechanical resonance frequency is determined with this activation and the appro-
priate blocking frequency is set automatically. If the bandstop filter has not been acti-
vated yet (see parameter p1656 or p5200), it is activated automatically.

While the function generator generates a signal with the "noise" signal shape

(p4820 = 4), the adaptation is temporarily inactive.
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Further parameters of the current setpoint filter adaptation and their purpose:

® p5281 = specifies which of the current setpoint filters is to be used for the adaptation
® p5282 = defines the lower limit frequency

® p5283 = defines the upper limit frequency

® p5284 = defines the activation threshold of the adaptation

e 5285 = displays the current blocking frequency

Note
Deviation with activated online tuning (p5300 = 2)

The denominator damping of the adapted filter is set automatically.

You can also overwrite this setting.

Activating the current setpoint filter adaptation

Note

Current setpoint filters 1 ... 4 are standard. The extended current setpoint filters 5 ... 10 can
be activated additionally (see Chapter " Extended current setpoint filters (Page 103)").

Several settings still have to be made or checked before activating the adaptation.
1. Parameterize the desired current setpoint filter as bandstop filter.

2. Assign the desired current setpoint filter to the adaptation via parameter p5281 (example
of filter 4: p5821 = 4).

3. Activate the adaptation via the setting p5280 = 1.

Note

If not all the requirements were satisfied before the adaptation was activated, fault F07419
"Drive: Current setpoint filter adaptation error" is output. The fault value indicates which
requirement has not been satisfied.

Deactivating the adaptation
The current setpoint filter adaptation can be deactivated in two ways:
1. Deactivate the adaptation. Set the following values:
- p5280=0or
- p5280 = -1

Drive functions
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4.8.3.2 Principle of operation of the current setpoint filter adaptation

® As soon as the pulse enable has been set and a resonance frequency has been excited
enough that the internal activation threshold is exceeded, the adaptation moves the
bandstop filter to this resonance frequency.

e [f the resonance frequency has not been excited enough or there is no interfering
resonance frequency, the bandstop filter stops and the current blocking frequency does

not change.
A
I=
o
§ Working area
o of the
2 adaptation
3 Current setpoint filter adaptation
< activation threshold
p5284 [%]
Frequency
Current setpoint filter adaptation Current setpoint filter adaptation
lower limit value upper limit value
p5282 [Hz] p5283 [Hz]

Figure 4-11  Principle of operation

® The calculated values for the numerator and denominator damping of the bandstop filter
are tracked during the movement so that the bandwidth of the bandstop filter increases
with increasing blocking frequency.

® The current frequency of the bandstop filter can be read and recorded via r5285. This
frequency is also written to the appropriate frequency parameters of the adapted current
setpoint filter.
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Limitations:

e Because of the operating principle, the base adaptation algorithm can work reliably with
systems that have only one mechanical resonance frequency. Undesirable movements of
the adapted filter between the resonances can occur for systems with several mechanical
resonance frequencies.

e Because of the operating principle, inaccuracies can occur during the adaptation of the
blocking frequency. In such cases, the resonance frequency is only partly suppressed.
This is particularly the case for encoders with poor resolution (e.g. resolvers). These
inaccuracies can be reduced by increasing the actual speed value smoothing time
constant in parameter p1441.

e Stepped setpoint changes of the speed or velocity can cause unwanted movements of
the adaptive current setpoint filter.

e [f in addition to a variable mechanical resonance frequency, the system also contains
non-variable mechanical resonance frequencies, the non-variable frequencies must be
suppressed with fixed current setpoint filters. The adapted bandstop filter should be the
last filter in the filter cascade of the bandstop filters. Otherwise the adaptation may be
subject to interference from non-variable resonance frequencies, which may cause
unwanted movements of the blocking frequency.

Bandstop filters for non-variable Adapted bandstop filter for
resonance frequencies variableresonance frequency

Low pass

ilter 4 » Current setpoint —
ilter 3 filter 5 Current
————— Current setpoint » Current setpoint setpoint
Current |filter 1 filter 2
setpoint

Figure 4-12 Example: Current setpoint filter 5 is the last filter used in the cascade

Internal activation threshold
The internal activation threshold can be weighted via parameter p5284:

e [f the adaptation reacts too sensitively to other disturbances such as jumps in the speed
or load torque, the activation threshold should be set high.

e [f the adaptation is too insensitive and resonance frequencies do not occur despite strong
excitation, the activation threshold can be reduced.

Range of movement of the adapted filter

The range of movement of the adapted filter can be limited with parameter p5282 or p5283.
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Start value of the adaptation

The frequency with which the adaptation starts at the pulse enable, i.e. the start value of the
adaptation, is always the current blocking frequency of the filter. It can be read in r5285 and
in the filter frequency parameters. After a pulse inhibit and renewed pulse enable, this
starting frequency is the blocking frequency last determined before the pulses were inhibited.
After switching the drive off and on, the adaptation starts with the frequency stored in the
frequency parameters of the adapted filter.

You have the following options in order to find a suitable start value for the frequency of the
adaptation:

e Use the current position of the resonance frequency as start value.

— To do this, read the current resonance frequency from the frequency response
measurement or

— Determine the current resonance frequency from one cycle of the "One button tuning”.
OR
® Use 500 Hz as start value.

The start value may be above or below the sought resonance frequency. This value should
be set as blocking frequency of the respective bandstop filter before the adaptation is
activated and the pulse enable set.

4.8.3.3 Stability of the speed control loop

Moving the bandstop filter changes the phase and amplitude frequency response of the
speed control loop. The stability of the speed control loop is not checked by the current
setpoint filter adaptation. If the current setpoint filter adaptation is operated with activated
online tuning (p5300 = 2), parameter settings are made automatically that guarantee the
stability.

If the autotuning is not activated, you have to make settings yourself that prevent an
instability. You must ensure a sufficiently large phase reserve. Note the following points:

e The phase and amplitude frequency response of the adapted filter
® The lower limit frequency of the adaptation (p5282)

A resonance frequency can be moved by the active closed-loop control. An instability of the
controller can be provoked by too high a controller gain that has a higher amplitude than the
mechanical resonance frequency and therefore influences the adaptation.
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4.8.3.4

4.8.3.5

132

Lower and upper limit frequencies

Parameter p5283 for the upper limit frequency has an internal upper limit that depends on
the settings for the adapted current setpoint filter. It is only active with an active adaptation.

e [f the adaptation is active, p5283 is limited immediately to this internal value when written.

e [f the adaptation is not active, p5283 is automatically limited to the internal value when the
adaptation is activated.

For the case that one of the limit frequency parameters (p5282 or p5283) is written and the
current blocking frequency of the bandstop filter is beyond the relevant new limit frequency,
the following applies:

e |[f the adaptation is active, the bandstop filter is automatically set to the relevant limit
frequency when p5282 or p5283 is written.

e |[f the adaptation is not active, the bandstop filter is automatically set to the relevant limit
frequency when the adaptation is activated.

Remedy for insufficient adaptation

Generally, the following is valid: If the adaptation does not change the blocking frequency of
the adapted current setpoint filter during operation, then the resonance is obviously not
strong enough and therefore has no negative effect on the operation.

If you still want to change the behavior of the adaptation, you have the following options:
® Change the activation threshold (p5284).

® Change the blocking frequency in the relevant filter parameters in order to obtain a
different start value for the adaptation.

® Increase the speed controller gain via p1460 or p5272. This excites the mechanical
resonance frequency more strongly, to which the adaptation then reacts. However,
observe the stability of the control loop with this setting.
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4.8.4 Function diagrams and parameters

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

F07419

Drive: Incorrect current setpoint filter adaptation

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

Drive functions
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p0108]0..
p1400[0..
p5271[0..
p5272[0..
p5273[0..

r5274

p5275[0..

r5276
r5277

p5280]0..
p5281[0..
p5282[0..
p5283[0..
p5284]0..
r5285[0...

p5292
r5293

r5294[0...
r5295[0...
p5296]0..
p5297]0..

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

.n]

.n]

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

n]

5]
5]
2]
2]

Drive object function module

Speed control configuration

Online / One Button Tuning configuration

Online tuning dynamic response factor

Online tuning load dynamic response factor

CO: Online / One Button Tuning dynamic response estimated
Online / One Button Tuning dynamic response time constant
Online / One Button Tuning Kv factor estimated

Online / One Button Tuning precontrol symmetrizing time estimated
Current setpoint filter adaptation configuration

Current setpoint filter adaptation assignment

Current setpoint filter adaptation lower limit frequency
Current setpoint filter adaptation upper limit frequency
Current setpoint filter adaptation activation threshold

Current setpoint filter adaptation current frequency

FFT tuning dynamic response factor

FFT tuning speed controller P gain identified

FFT tuning zero position identified

FFT tuning pole position identified

FFT tuning PRBS amplitude

FFT tuning PRBS offset
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p5300[0..
p5301[0..
p5302[0..
r5306[0...
p5308[0..
p5309[0..

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

.n]

Autotuning selection

"One button tuning" configuration

"Online tuning" configuration

Autotuning status

One Button Tuning test signal distance limiting

One Button Tuning test signal duration

Drive functions
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4.9 Note about the electronic motor model

A model change takes place within the speed range p1752 - (100 % - p1756) and p1752.
With induction motors with encoder, the torque image is more accurate in higher speed
ranges; the effect of the rotor resistance and the saturation of the main field inductance are
corrected. With synchronous motors with encoder, the commutation angle is monitored. If
the kT estimator has been activated, the torque image for synchronous motors is more
accurate too.

Drive functions
Function Manual, 11/2017, 6SL3097-4AB00-0BP5 135



Servo control

4.10 V/f control

4.10

136

V/f control

For V/f control, the drive is operated with an open control loop. In this open-loop control
system, the drive does not require speed feedback and no actual current sensing. Operation
is possible with a small amount of motor data.

With V/f control, the following components and data can be checked:
e Motor Module

® Power cable between the Motor Module and motor

e Motor

e DRIVE-CLIQ cable between the Motor Module and motor

® Encoder and actual encoder value

The following motors can be operated with V/f control:

® |nduction motors

® Synchronous motors

Note

In the V/f mode, the calculated actual speed value is always displayed in rO063. The speed
of the encoder (if installed) is displayed in r0061. If an encoder is not installed, r0061
displays "0".

Note

The operation of synchronous motors with V/f control is allowed only at up to 25% of the
rated motor speed.

Note
Restricted applications for V/f control

V/f control must only be used as a diagnostic function (e.g. to check that the motor encoder
is functioning correctly).

The activated V/f control blocks all other settings, for example current controller or speed
controller.
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4.10 V/f control

Structure of V/f control

p1300=0
n* *
——p| Ramp-function
generator
p1318 p0314 p1327 u* ‘“i
p1319 Y
p1326

Figure 4-13  Structure of V/f control

Commissioning V/f control

Drive functions

Note

With synchronous motors, V/f mode is normally only stable at low speeds. Higher speeds
can induce oscillations.

Oscillation damping is activated on the basis of suitable default parameter values and does
not require further parameterization in most applications. If you become aware of
interference caused by a transient response, you have the option of gradually increasing the
value of p1338 in small steps and evaluating how this affects your system.

Note

The drive can be ramped up to the current limit (p0640) relatively quickly without the need for
extensive parameterization (when operating the drive with a variable moment of inertia, for
example).

Note the following: Only the ramp-function generator stops when the current limit (p0640) is
reached. This does not prevent the current from increasing even further. In view of this, the
parameters you assign must include a safety margin relative to the current limits for the
monitoring functions to prevent the drive from switching off with an overcurrent fault.
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1. Check the requirements for V/f control.

— First commissioning has been carried out:
The parameters for V/f control have been initialized with appropriate values.

— First commissioning has not been carried out:
The following relevant motor data must be checked and corrected:

r0313 Motor pole pair number, actual (or calculated)

p0314 Motor pole pair number

p1318 V/f control ramp-up/ramp-down time

p1319 V/f control voltage at zero frequency

p1326 V/f control programmable characteristic frequency 4

p1327 V/f control programmable characteristic voltage 4

p1338[0...n] V/f mode resonance damping gain

p1339[0...n] V/f mode resonance damping filter time constant

p1349[0...n] V/f mode resonance damping maximum frequency
2. Set the rated motor speed via parameter p0311.

3. Activate V/f control with the parameter setting of p1317 = 1.

Note
Automatic activation of additional functions

With p1317 = 1, the following functions are also activated automatically:

¢ Resonance damping (p1338)
In order to obtain a pure diagnostic mode without any influence on actual values, the
resonance damping must be deactivated (p1338 = 0)

e Vdc controller (p1240, p1244, p1248, p1250)

e Limitation of the up ramp as a result of M, P and | limits

e The ramp-function generator is stopped as soon as the current limit p0640 is
exceeded.

4. |Issue the enable signals for operation.

5. Enter the speed setpoint.
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138 Function Manual, 11/2017, 6SL3097-4AB00-0BP5



Servo control

4.10 V/f control

V/f characteristic

The speed setpoint is converted to the frequency specification taking into account the
number of pole pairs. The synchronous frequency associated with the speed setpoint is
output (no slip compensation).

uvl A

430V

p1327 b — — — — — — —

|
|
|
01319 :
|
|

p1326 f[1/s] >

Figure 4-14  V/f characteristic

Function diagrams (see SINAMICS S120/S150 List Manual)

e 5300 Servo control - V/f control for diagnostics

e 5650 Servo control - Vdc_max controller and Vdc_min controller

Drive functions
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Overview of important parameters (see SINAMICS S120/S150 List Manual)
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p0304[0..
p0310[0..
p0311[0..
r0313[0...
p0314[0..
p0317[0..
p0322[0..
p0323[0..
p0640[0..
p1082[0..
p1317[0..
p1318[0..
p1319[0..
p1326[0..
p1327[0..

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

.n]

Rated motor voltage

Rated motor frequency

Rated motor speed

Motor pole pair number, current (or calculated)
Motor pole pair number

Motor voltage constant

Maximum motor speed

Maximum motor current

Current limit

Maximum speed

V/f control activation

V/f control ramp-up/ramp-down time

V/f control voltage at zero frequency

V/f control programmable characteristic frequency 4

V/f control programmable characteristic voltage 4
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4.11 Optimizing the current and speed controller

Note

Controller tuning may only be performed by skilled personnel with a knowledge of control
engineering.

The following tools are available for tuning the controllers:
® Function generator in STARTER

® Trace in STARTER

® Measuring function in STARTER

e Measuring sockets on the Control Unit

Tuning the current controller

The current controller is initialized when the system is commissioned for the first time and is
adequately tuned for most applications.

Tuning the speed controller

The speed controller is set in accordance with the motor moment of inertia when the motor is
configured for the first time. The calculated proportional gain is set to approximately 30% of
the maximum possible gain in order to minimize vibrations when the controller is mounted on
the mechanical system of the machine for the first time.

The integral time of the speed controller is always preset to 10 ms.

The following tuning measures are necessary in order to achieve the full dynamic response:
® Increase the proportional gain Kp_n (p1460)

® Change the integral time Tn_n (p1462)

Automatic controller setting of the speed controller (frequency response analysis) in STARTER
® The automatic speed controller setting has the following features:
— Section identification using FFT analysis
— Automatic setting of filters in the current setpoint arm, e.g. for damping resonance
— Automatic setting of the controller (gain factor Ky, integral time Tn)
® The automatic controller settings can be verified with the measuring functions.

The "Automatic Controller Setting" parameter screen is selected with the & icon in the
toolbar of the STARTER commissioning tool:
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Example of measuring the speed controller frequency response

By measuring the speed controller frequency response and the control system, critical
resonance frequencies can, if necessary, be determined at the stability limit of the speed
control loop and dampened using one or more current setpoint filters. This normally enables
the proportional gain to be increased (e.g. Ko_n = 3 default value).

After the Kp_n value has been set, the ideal integral time Tn_n (€.g. reduced from 10 ms to
5 ms) can be determined.

Example of speed setpoint step change

A rectangular step change can be applied to the speed setpoint via the speed setpoint step
change measuring function. The measuring function has preselected the measurement for
the speed setpoint and the torque-generating current.

Kp_n is optimum Kp_n is too high, Kp_n is too low,
overshoots. dampened transient
response.
- OK - Not OK - OK, not optimum

Figure 4-15 Setting the proportional gain Kp
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Description

Drive functions

4.12 Encoderless operation

Encoderless operation

Note
Unstable operation
The operation of synchronous motors without an encoder must be verified in a test

application. Stable operation in this mode cannot be guaranteed for every application.
Therefore, the user will be solely responsible for the use of this operating mode.

Both encoderless and mixed operation (with/without encoder) is possible. Encoderless
operation with the motor model allows a higher dynamic response and greater stability than
a standard drive with V/f control. Compared with drives with an encoder, however, speed
accuracy is lower and the dynamic response and smooth running features deteriorate.

Since the dynamic response in operation without an encoder is lower than in operation with
an encoder, acceleration torque precontrol is implemented to improve the control dynamic
performance. It controls, knowing the drive torque, and taking into account the existing
torque and current limits as well as the load moment of inertia (motor moment of inertia:
p0341 - p0342 + load torque: p1498), the required torque for a demanded speed dynamic
performance optimized from a time perspective.

Note

If the motor is operated with and without an encoder (e.g. p0491 + 0 or p1404 < p1082), the
maximum current during operation without an encoder can be reduced via p0642 (reference
value is p0640) in order to minimize interfering, saturation-related motor data changes during
operation without an encoder.

A torque smoothing time can be parameterized via p1517 for the torque precontrol. The
speed controller needs to be optimized for operation without an encoder due to the lower
dynamic response. This can be achieved via p1470 (P gain) and p1472 (integral time).

In the low-speed range, the actual speed value, the orientation, and the actual flux can no
longer be calculated during operation without an encoder due to the accuracy of the
measured values and the parameter sensitivity of the procedure. This is the reason that the
system switches over to current/frequency control (l/f-controlled operation), where only the
current and frequency are impressed. The switchover threshold is parameterized via p1755
and the hysteresis via p1756.
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To accept a high load torque even in the open-loop controlled range, the motor current
(current setpoint) can be set using p1612. To do so, the drive torque (e.g. friction torque)
must be known or estimated. An additional reserve of approx. 20% should also be added. In
synchronous motors, the torque is converted to the current via the motor torque constant
(p0316). For induction motors, the magnetizing current (r0331) must be additionally taken
into account in p1612. In the lower speed range, the required current cannot be measured
directly on the Motor Module. The default setting is 50% (synchronous motor) or 80%
(induction motor) of the motor rated current (p0305). When parameterizing the motor current
(p1612), you must take into account the thermal motor load, as the current entered in p1612
is impressed in l/f-controlled operation also without load.

Note

Encoderless operation is not permitted for vertical axes or similar. Encoderless operation is
not suitable for a higher-level closed-loop position control either.

The starting behavior of synchronous motors from standstill can be improved further by
parameterizing the pole position identification (p1982 = 1).

Behavior once pulses have been canceled

Once the pulses have been canceled in operation without an encoder, the current actual
speed value of the motor can no longer be calculated. Once the pulses are enabled again,
the system must search for the actual speed value.

p1400.11 can be used to parameterize whether the search is to begin with the speed
setpoint (p1400.11 = 1) or with speed = 0.0 (p1400.11 = 0). Under normal circumstances,
p1400.11 = 0 because the motor is usually started from standstill. If the motor is rotating
faster than the changeover speed p1755 when the pulses are enabled, p1400.11 = 1 must
be set.

If the motor is rotating and the start value for the search is as of the setpoint (p1400.11 = 1),
the speed setpoint must be in the same direction as the actual speed before the pulses can
be enabled. A large discrepancy between the actual and setpoint speed can cause a
malfunction.

/\CAUTION

Evaluating incorrect information about the motor speed

Once the pulses have been canceled, no information about the motor speed is available.
The drive sets its speed actual value = "0" Messages and signals derived from the actual
value no longer provide any information. Evaluating these messages and signals can result
in the risk of injury and material damage.

o Take this behavior into consideration when engineering your plant or system.
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Switchover between closed-loop/open-loop operation and operation with/without encoder

Series reactor

Drive functions

Operation without an encoder is activated using parameter setting p1300 = 20. If p1300 = 20
or p1404 = 0, operation without an encoder is active across the entire speed range. If the
speed value is less than the changeover speed p1755, the motor is operated in accordance
with the current/frequency.

During operation with an encoder, a switchover can be made to operation without an
encoder when the speed threshold p1404 is exceeded. If p1404 > 0 and p1404 < p1755, a
switchover is not made to operation without an encoder until the speed exceeds p1755.

To prevent encoder evaluation alarms in encoderless operation, set p1402.1 = 1 to park the
encoder evaluation. Reading-in the motor temperature via the encoder evaluation remains
active.

Operation without an encoder is displayed in parameter r1407.1.

Encoderless
controlled (I/f) / controlled Controlled Regulated motor model
p1300 =20 or p1404 =0
p1755 Amax n

Encoder evaluation
p1300 = 21

Operation with encoder

|
Nmax 1404 N

Mixed operation Operation with encoder Operation without an encoder
p1300 = 21 p1755  p1404 Nmax n
p1404 >0
Operation with encoder Operation without an encoder
01404  p1755 Nmax n

Figure 4-16  Area switchover

Note

In closed-loop control operating mode "Speed controller without encoder”, a rotor position
encoder is not required. Temperature evaluation remains active, even when the encoder is
parked. This state can be identified at parameter r0458.26 = 1. When parameter r0458.26 =
0, temperature sensing is also deactivated.

When high-speed special motors are used, or other low leakage induction motors, a series
reactor may be required to ensure stable operation of the current controller.

The series reactor can be integrated via p0353.
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Commissioning/optimization

146

1. Estimate the motor current p1612 on the basis of the mechanical conditions (I = M/kt).

2. For synchronous motors with high overload setting (p0640 significantly higher than
p0305), it may be necessary to reduce the current limiting in encoderless operation
(p0642).

3. For a third-party motor, carry out the stationary measurement - and if possible - also the
rotating measurement and accept the determined data (see Chapter "Motor data
identification (Page 149)"). Check the current controller setting.

4. If the total moment of inertia has not already been determined using the rotating
measurement, you have the possibility of determining the total moment of inertia as
follows:

— If an encoder is being used, and the motor has a restricted traversing path (e.g.
encoderless operation is only used when an encoder develops a fault or only for the
upper speed range):

Determine the moment of inertia using the rotating measurement of the motor data
identification (p1959 = 420 hex (i.e. only commutation angle and Lqg characteristic),
p1960 = 1). If you carry out the motor data identification using the STARTER screen,
set p1959, start the measurement and accept the result.

— If the motor can endlessly rotate (with and without encoder)

Determine the moment of inertia using the rotating measurement of the motor data
identification (p1959 = 404 hex (i.e. only commutation angle and moment of inertia),
p1960 = 1). If you carry out the motor data identification using the STARTER screen,
set p1959, start the measurement and accept the result.

— You can also determine the moment of inertia using the "Moment of inertia estimator"
function module (see Chapter "Moment of inertia estimator (Page 583)"). As the
moment of inertia is also determined in operation using this function module, we
recommend that the "Moment of inertia estimator” function module is used if the total
moment of inertia changes during operation.

Drive functions
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4.12 Encoderless operation

. Set the speed controller:

— When the "Moment of inertia estimator" function module is active, accept the moment
of inertia that has been determined.

— Deactivate the "Moment of inertia estimator" function module (p1400.18 = 0).
— Start a trace recording of parameter r0063 (speed actual value) and r0079 (torque).

— Adjust the moment of inertia (p1498; if possible, increase), and in the controlled range,
enter a speed setpoint (speed higher than p1755).

— Optimize the settling behavior using the P gain (p1470) and the integral time (p1472).

Torque-generating Torque-generating Torque-generating
current current current
A AN\
t[ms] t[ms] R t[ms]
Speed actual value Speed actual value Speed actual value
t[ms] t[ms] t[ms]
p gain (p1470) too low p gain (p1470) correct p gain (p1470) too high

— Exit the trace recording.

— Finally, again set the appropriate total moment of inertia - or activate the "Moment of
inertia estimator" function module

Function Manual, 11/2017, 6SL3097-4AB00-0BP5 147



Servo control

4.12 Encoderless operation

Function diagrams (see SINAMICS S120/S150 List Manual)

e 5019
e 5050
e 5060
e 5210

Servo control - Speed control and V/f control, overview
Servo control - Speed controller adaptation (Kp_n-/Tn_n adaptation)
Servo control - Torque setpoint, switchover control mode

Servo control - Speed controller without encoder

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

e p0341[0...n]
e p0342[0...n]
e p0353[0...n]
e p0600]0...n]
e p06400...n]
e p0642[0...n]
e p13000...n]
e p14000...n]
e p1404[0...n]
e r1407.0..26
e p1470[0...n]
e p1472[0...n]
e p1498[0...n]
e p1517[0...n]
e p1612[0...n]
e p1755[0...n]
e p1756

Motor moment of inertia

Ratio between the total and motor moment of inertia
Motor series inductance

Motor temperature sensor for monitoring

Current limit

Encoderless operation current reduction
Open-loop/closed-loop control operating mode
Speed control configuration

Encoderless operation changeover speed

CO/BO: Status word, speed controller

Speed controller encoderless operation P gain
Speed controller sensorless operation integral time
Load moment of inertia

Acceleration torque smoothing time constant
Current setpoint, open-loop control, encoderless
Motor model changeover speed encoderless operation

Motor model changeover speed hysteresis

"Moment of inertia estimator" function module

e p0108[0...n]
e p1400[0...n]

148

Drive object function module

Speed control configuration

Drive functions
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4.13

Description

Drive functions

4. 13 Mofor data identification

Motor data identification

The motor data identification (MotID) is used as a tool to determine the motor data, e.g. of
third-party motors and can help to improve the torque accuracy (kr estimator). The drive
system must have been commissioned for the first time as basis for using motor data
identification. To do this, either the electrical motor data (motor data sheet) or the rating plate
data must be entered and the calculation of the motor/control parameters (p0340) must have
been completed.

Commissioning involves the following steps:
1. Enter the motor data, rating plate data and, if applicable, the encoder data.

2. The converter determines the motor and control data as starting value for the motor data
identification (p0340 = 3, if motor data, p0340 = 1, if rating plate data was entered).

3. Make a stationary measurement (p1910).

4. For synchronous motors:
Perform a commutation angle calibration (p1990) and, if necessary, e.g. because of
overtraveling the zero mark, perform a fine synchronization (see r1992). Absolute
encoders do not have to be finely synchronized.
For fine synchronization, see also Section "Pole position identification (Page 163)" under
"Pole position correction with zero marks".

5. Make a rotating measurement (p1960).

Before starting the rotating measurement, check and, if necessary, optimize the setting of
the speed controller (p1460, p1462 and p1470, p1472).

It is preferable if the rotating motor data identification is carried out with the motor de-
coupled from the mechanical system. This therefore means that only the motor moment
of inertia is determined. The total moment of inertia with mechanical system can be
subsequently identified with p1959 = 4 and p1960 = 1. The stress on the mechanical
system can be reduced by parameterizing the ramp-up time (p1958), using direction
limiting (p1959.14/p1959.15) or using the current and speed limit. The higher the selected
ramp-up time, the less accurate the moment of inertia determined.

6. To store the results of the motor data identification retentively, execute the "Copy RAM to
ROM" command.

Note

Completion of the individual identification runs can be read via parameters r3925 to r3928.

The enable signals OFF1, OFF2, OFF3 and "enable operation" remain effective and can
interrupt the motor data identification routine.
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4. 13 Motor data identification

If there is an extended setpoint channel (r0108.08 = 1), p1959.14 = 0 and p1959.15 = 0 and
direction limiting (p1110 or p1111) is active there, then this is observed at the instant of the
start via p1960. For p1958 = -1, the ramp-up and ramp-down time of the setpoint channel
(p1120 and p1121) are also used for the motor data identification.

Note

If a ramp-up/ramp-down time or direction limiting is active, parts of the motor data
identification routine cannot be executed. For other parts of the motor data identification
routine, the accuracy of the results is diminished because a ramp-up/ramp-down time is
selected. If possible, p1958 should be 0 and no direction limiting selected (p1959.14 = 1 and
p1959.15 =1).

Motor movement during the motor data identification

The stationary motor data identification can result in slight movement of up to 210 degrees
electrical.

For the rotating motor data identification routine, motor motion is initiated, which can reach
the maximum speed (p1082) and the motor torque corresponding to the maximum current
(p0640).

The rotating measurement should be carried out with a motor running at no load (de-coupled
from the mechanical system) in order to prevent damage/destruction to the load or be
influenced by the load. If the motor cannot be de-coupled from the mechanical system, then
the stress on the mechanical system can be reduced by parameterizing the ramp-up time
(p1958) and/or using direction limiting (p1959.14/p1959.15) or using the current and speed
limit.

/\WARNING

Unexpected motor motion during motor data identification

Motor movement caused by the motor data identification routine can result in death, severe
injury or material damage.

¢ Ensure that nobody is in the hazardous zone - and that the mechanical system can
freely move.

¢ Do not carry out the rotating measurement if the traversing distance is mechanically
limited.

Drive functions
150 Function Manual, 11/2017, 6SL3097-4AB00-0BP5



Servo control

Motor data

Rating plate data

Drive functions

4.13 Mofor data identification

Motor data input requires the following parameters:

Table 4- 9 Motor data

Induction motor

Permanent-magnet synchronous motor

e p0304 rated motor voltage

e p0305 rated motor current

e p0307 rated motor power

e p0308 rated motor power factor

e p0310 rated motor frequency

e p0311 rated motor speed

e p0320 rated motor magnetizing current
e p0322 maximum motor speed

e p0350 motor stator resistance, cold

o p0353 motor series inductance

e p0354 motor rotor resistance, cold

e p0356 motor stator leakage inductance
e p0358 motor rotor leakage inductance

e p0360 motor magnetizing inductance

e p0400ff encoder data

e p0305 rated motor current

e p0311 rated motor speed

e p0314 motor pole pair number

e p0316 motor torque constant

e p0322 maximum motor speed

e p0323 maximum motor current

e p0341 motor moment of inertia

o p0350 motor stator resistance, cold
e p0353 motor series inductance

e p0356 motor stator leakage inductance
e p0400ff encoder data

Input of the rating plate data requires the following parameters:

Table 4- 10  Rating plate data

Induction motor

Permanent-magnet synchronous motor

e p0304 rated motor voltage

e p0305 rated motor current

e p0307 rated motor power

e p0308 rated motor power factor
e p0310 rated motor frequency

e p0311 rated motor speed

e p0322 maximum motor speed

e p0353 motor series inductance
e p0400ff encoder data

e p0304 rated motor voltage

e p0305 rated motor current

e p0307 rated motor power (alternative p0316)
e p0311 rated motor speed

e p0314 motor pole pair number or
p0315 motor pole pair width

e p0322 maximum motor speed
e p0323 maximum motor current
e p0353 motor series inductance
e p0400ff encoder data

Since the rating plate data contains the initialization values for identification, you must
ensure that it is entered correctly and consistently to enable the above data to be

determined.
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4. 13 Motor data identification

Parameters to control the motor data identification

152

The following parameters influence the motor data identification:

Table 4- 11 Parameters for control

Static measurement (motor data identification)

Rotating measurement

p0640 current limit

p1215 motor holding brake configuration
p1909 motor data identification control word
p1910 motor data identification, stationary

p1959.14/.15 positive/negative direction per-
mitted")

p0640 current limit
p1082 maximum speed

p1958 motor data identification ramp-
up/ramp-down time

p1959 rotating measurement configuration

p1960 rotating measurement selection

1)

The setting of p1959 has the following effects for the direction of rotation p1821:

- Positive direction permitted, with setting p1821=0 means: Clockwise direction of rotation

- Negative direction permitted, with setting p1821=1 means: Counter-clockwise direction of rotation

Note

If a brake is being used and is operational (p1215 = 1, 3), the stationary measurement is
made with closed brake. If possible (e.g. no hanging/suspended axis), we recommend that
the brake is opened before the motor data identification (p1215 = 2). This also means that
the encoder size can be adjusted and the commutation angle calibrated.

Drive functions
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4.13 Mofor data identification

4.13.1 Motor data identification induction motor

The data are identified in the inverse gamma equivalent circuit diagram and displayed in
r19xx. The motor parameters p0350, p0354, p0356, p0358 and p0360 taken from the motor
data identification refer to the T equivalent circuit diagram of the induction machine and
cannot be directly compared. This is the reason that an r parameter is listed in the table,
which displays the parameterized motor parameters in the inverse gamma equivalent circuit
diagram.

Table 4- 12 Data determined using p1910 for induction motors (stationary measurement)

Determined data (gamma) Data that is accepted (p1910 = 1)

r1912 identified stator resistance p0350 motor stator resistance, cold+ p0352 cable
resistance

r1913 rotor time constant identified r0384 motor rotor time constant / damping time con-
stant, d axis

r1915 stator inductance identified -
r1925 threshold voltage identified -

r1927 rotor resistance identified r0374 motor resistance cold (gamma)
p0354
r1932 d inductance r0377 motor leakage inductance total (gamma)

p0353 motor series inductance

p0356 motor leakage inductance
p0358 motor rotor leakage inductance
p1715 current controller P gain

p1717 current controller integral time

r1934 q inductance identified -

r1936 magnetizing inductance identified r0382 motor magnetizing inductance transformed
(gamma)

p0360 motor magnetizing inductance
p1590 flux controller P gain
p1592 flux controller integral time

r1973 encoder pulse number identified -

Note:
The encoder pulse number is only determined with a very high degree of inaccuracy (p0407/p0408)
and is only suitable for making rough checks. The sign is negative if inversion is required (p0410.0).

- p0410 Encoder inversion actual value

Note:
If the encoder inversion is changed using motor data identification, fault FO7993 is output, which
refers to a possible change in the direction of rotation and can only be acknowledged by p1910 = -2.

Drive functions
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4. 13 Motor data identification

4.13.2

154

Table 4- 13  Data determined using p1960 for induction motors (rotating measurement)

Determined data (gamma)

Data that is accepted (p1960 = 1)

r1934 q inductance identified

r1935 q inductance identification current

Note:

The q inductance characteristic can be used as basis to manually determine the data for the current
controller adaptation (p0391, p0392 and p0393).

r1936 magnetizing inductance identified

r0382 motor magnetizing inductance transformed
(gamma)

p0360 motor magnetizing inductance
p1590 flux controller P gain
p1592 flux controller integral time

r1948 magnetizing current identified

p0320 rated motor magnetizing current

r1962 saturation characteristic magnetizing
current identified

r1963 saturation characteristic stator induct-
ance identified

Note:

The magnetic design of the motor can be identified from the saturation characteristic.

r1969 moment of inertia identified

p0341 motor moment of inertia - p0342 ratio between
the total moment of inertia and that of the mo-
tor + p1498 load moment of inertia

r1973 encoder pulse number identified

Note:

The encoder pulse number is only determined with a very high degree of inaccuracy (p0407/p0408)
and is only suitable for making rough checks. The sign is negative if inversion is required (p0410.0).

Motor data identification synchronous motor

Table 4- 14 Data determined using p1910 for synchronous motors (standstill measurement)

Determined data

Data that is accepted (p1910 = 1)

r1912 stator resistance identified

p0350 motor stator resistance, cold
+ p0352 cable resistance

r1925 threshold voltage identified

r1932 d inductance

p0356 motor stator leakage inductance
+ p0353 motor series inductance

p1715 current controller P gain
p1717 current controller integral time

r1934 q inductance identified

r1950 voltage emulation error
voltage values

p1952 voltage emulation error, final value

Drive functions
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4.13 Mofor data identification

Determined data Data that is accepted (p1910 = 1)
r1951 voltage emulation error, current val- p1953 voltage emulation error, current offset
ues

Note regarding r1950 to p1953:

Active when the function module "extended torque control" is activated and activated compensation
of the voltage emulation error (p1780.8 = 1).

r1973 encoder pulse number identified ‘ -

Note:
The encoder pulse number is only determined with a very high degree of inaccuracy (p0407/p0408)
and is only suitable for making rough checks. The sign is negative if inversion is required (p0410.0).

r1984 pole position identification angular p0431 commutation angle offset
difference

Note:
r1984 indicates the difference of the commutation angle offset before being transferred into p0431.

- p0410 encoder inversion actual value

Note:
If the encoder inversion is changed using motor data identification, fault F07993 is output, which
refers to a possible change in the direction of rotation and can only be acknowledged by p1910 = -2.

Table 4- 15 Data determined using p1960 for synchronous motors (rotating measurement)

Determined data Data that is accepted (p1960 = 1)
r1934 q inductance identified -

r1935 q inductance identification current -
Note:

The q inductance characteristic can be used as basis to manually determine the data for the current
controller adaptation (p0391, p0392 and p0393).

r1937 torque constant identified p0316 motor torque constant

r1938 voltage constant identified p0317 motor voltage constant

r1939 reluctance torque constant identified | p0328 motor reluctance torque constant

r1947 optimum load angle identified p0327 optimum motor load angle

r1969 moment of inertia identified p0341 motor moment of inertia - p0342 ratio between
the total moment of inertia and that of the mo-
tor + p1498 load moment of inertia

r1973 encoder pulse number identified -

Note:
The encoder pulse number is only determined with a very high degree of inaccuracy (p0407/p0408)
and is only suitable for making rough checks. The sign is negative if inversion is required (p0410.0).

r1984 pole position identification angular p0431 commutation angle offset
difference

Note:
r1984 indicates the difference of the commutation angle offset before being transferred into p0431.

Drive functions
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For linear motors (p0300 = 4xx), p1959 is pre-set so that only the q inductance, the
commutation angle offset and the high inertia mass are measured (p1959.05 = 1 and
p1959.10 = 1), as generally the travel limits do not permit longer travel distances in one

Motor
p0350[M] p0356[M] p0358[M]  p0354[M]
| I |
R S L asS LaR R R

p0360[M] H L M

direction.
Motor Module ) Cable )
| |
p1825 p1828 ! !
T | p0352[M] |
I |
A A
hd | I hd
! RCable !
I |
I |
N T '
—I ! Ccable !
| |
I |
QO 1%
| |

Figure 4-17  Equivalent circuit diagram for induction motor and cable

. | |
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p0353[M] | p0352[M] | p0350[M] p0356[M]
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Figure 4-18 Equivalent circuit diagram for synchronous motor and cable
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4.13 Mofor data identification

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

e 10047 Identification status

Standstill measurement
e p1909[0...n] Motor data identification, control word

e p1910 Motor data identification, stationary

Rotating measurement

e p1958[0...n] Rotating measurement ramp-up/ramp-down time
e p1959[0...n] Rotating measurement configuration
e p1960 Rotating measurement selection

Drive functions
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4.14 Pole position identification

For synchronous motors, the pole position identification determines its electrical pole position
that is required for the field-oriented control. Generally, the electrical pole position is provided
from a mechanically adjusted encoder with absolute information.

A one-off pole position identification run is required for motors with encoders that are either
not calibrated or have not been adjusted.

1. Select a procedure with p1980.
2. Start the one-off pole position identification by setting p1990 = 1.
The value in p1982 is not taken into account.

For Siemens 1FN1, 1FN3 and 1FNG6 linear motors, p1990 is automatically set to 1 after
commissioning or after an encoder has been replaced.

For the following encoder properties, pole position identification is not required:
® Absolute encoder (e.g. EnDat, DRIVE-CLIQ encoder)
® Encoder with C/D track and pole pair number < 8

e Hall sensor

e Resolver with a multiple integer ratio between the motor pole pair number and the
encoder pole pair number

® Incremental encoder with a multiple integer ratio between the motor pole pair number and
the encoder pulse number

The pole position identification is used for:
® Determining the pole position (p1982 = 1)
e Determining the commutation angle offset during commissioning (p1990 = 1)

® Plausibility check for encoders with absolute information (p1982 = 2)

/\WARNING

Unplanned motor motion when carrying out measurements at motors that are not braked

When the motors are not braked, the motor can move as a result of the current impressed
during the measurement. This can result in death or severe injury.

e Ensure that nobody is in the hazardous zone - and that the mechanical system can
freely move.

Note
Use default setting

When using standard Siemens motors, the automatically pre-selected setting should be kept.

Drive functions
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4141 Notes regarding pole position identification

The relevant procedure can be selected using parameter P1980. The following procedures
are available for pole position identification:

e Saturation-based 1st + 2nd harmonics (p1980 = 0)

® Saturation-based 1st harmonic (p1980 = 1)

e Saturation-based, two-stage (p1980 = 4)

® Motion-based (p1980 = 10)

® Elasticity-based (p1980 = 20)

The following supplementary conditions apply to the saturation-based motion procedure:
® This procedure can be used for both braked and non-braked motors.

® |t can only be used for a speed setpoint = 0 or from standstill.

® The specified current magnitudes (p0325, p0329) must be sufficient to provide a
significant measuring result.

® For motors without iron, the pole position cannot be identified using the saturation-based
procedure.

e For 1FN3 motors, it is not permissible to traverse with the 2nd harmonic (p1980 = 0, 4).

e With 1FK7 motors, a two-stage procedure must not be used (p1980 = 4). The value in
p0329, which is set automatically, must not be reduced.

For the motion-based procedure, the following supplementary conditions apply:

Note
Inaccuracy when determining the commutation angle

If several 1FN3 linear motors are coupled with one another, and at the same time saturation-
based pole position identification is used for commutation (p1980 < 4 and p1982 = 1), then
this can influence the DC link voltage. Fast current changes in the DC link cannot be
completely compensated. In this case, the commutation angle is not precisely determined
using the pole position identification.

¢ If a high precision is required, then carry out the pole position identification routines one
after the other. This can be achieved, for example, by enabling the individual drives one
after the other (with a time offset).

® The motor must be free to move and it may not be subject to external forces (no
hanging/suspended axes).

® |t can only be used for a speed setpoint = 0 or from standstill.
e |[f there is a motor brake, then this must be open (p1215 = 2).

® The specified current magnitude (p1993) must move the motor by a sufficient amount.
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For the elasticity-based procedure, the following supplementary conditions apply:

e A brake must be available and must also be closed during the pole position identification.
Either the drive controls the brake (p1215 = 1 or 3) or the brake is externally closed well
in advance of the start of the pole position identification and is re-opened after the
operation has been completed.

e Parameters p3090 to p3096 must be correctly set for a successful pole position
identification.

e The specified current magnitude (p3096) must deflect the motor by a sufficient amount.

® The ratio between the sign of the deflection and the force/torque must be taken into
account in p3090.0.

/\WARNING

Uncontrolled motor motion as a result of an incorrect control sense of the speed control
loop

If, to determine the commutation angle, the pole position identification routine is used, then
the commutation angle must redetermined each time that the control sense is changed. An
incorrect commutation angle can lead to uncontrollable motor movement - and therefore
result in death or severe injury.

e Check the commutation angle offset (F7966) after an actual value inversion, and when
necessary redetermine the offset (p1990 = 1).

Pole position correction with zero marks

The pole position identification routine provides coarse synchronization. If zero marks exist,
the pole position can be automatically compared with the zero mark position once the zero
mark(s) have been passed (fine synchronization). The zero mark position must be either
mechanically or electrically (p0431) calibrated. If the encoder system permits this, then we
recommend fine synchronization (p0404.15 = 1). This is because it avoids measurement
spread and allows the determined pole position to be additionally checked.

Suitable zero marks

160

® One zero mark in the complete traversing range
e Equidistant zero marks

e Distance-coded zero marks

Drive functions
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Selecting the reference mark for fine synchronization for determining the pole position using zero
marks

A precondition for determining the pole position using zero marks is that the zero mark
distance of the encoder is a multiple integer of the pole pitch / pole pair width of the motor.

For example, for linear motors with measuring systems where this is not available, the drive
permits the zero mark which is used for the reference point approach, to be used for fine
synchronization. With this zero mark, due to the mechanical arrangement, the commutation
angle = 0 or is available as offset in p0431.

This procedure is available for absolute encoders (with the exception of DRIVE-CLIQ
encoders), incremental encoders with equidistant zero mark and resolvers.

The sequence is then as follows:
1. Set the "Commutation with selected zero mark" mode in p0430.24.

2. Via the PROFIdrive encoder interface, the drive receives the request for a reference mark
search.

3. Together with the Sensor Module, the drive determines the reference mark as a result of
the parameterization.

4. The drive provides the reference mark position via the PROFIdrive encoder interface.
5. The drive transfers the same position to the Sensor Module.

6. The Sensor Module corrects the commutation angle (fine synchronization).

4.14.2 Pole position identification technique

Determining the suitable procedure for the pole position identification

Saturation-based Motion-based Elasticity-based
Brake available Possible Not possible Required
Motor can freely move | Possible Required Not possible
Motor has no iron Not possible Possible Possible
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Important parameters depending on the pole position identification procedure

162

Saturation-based

Motion-based

Elasticity-based

p0325

+

p0329

+

p1980

Value 0, 1 or 4

Value 10

Value 20

p1981

+

+

p1982

p1983

r1984

r1985

r1986

r1987

p1990

r1992

+ 4+ |+ |+ [+ |+ |+ ]+

+ |4+ |+ |+ [+ |+ |+ |+

p1993

p1994

p1995

p1996

p1997

|+ |+ |+ |+ |+ +

p3090

p3091

p3092

p3093

p3094

p3095

p3096

r3097

+ |+ |+ [+ [+ |+ |+ ]+

Marking + = relevant, - = not relevant
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4.14.3

Table 4- 16 Mode of operation of p0431

4. 14 Pole position identification

Commutation angle offset commissioning support (p1990)

The function for determining the commutation angle offset is activated via p1990=1. The
commutation angle offset is entered in p0431. This function can be used in the following

cases:

® Single calibration of the pole position for encoders with absolute information

(exception: The Hall sensor must always be mechanically adjusted.)

® Calibrating the zero mark position for fine synchronization

Incremental without

Incremental with one

Incremental with distance-

Absolute encoder

zero mark zero mark coded zero marks
C/D track Shifts the commutation | Shifts the commutation | Currently not available Not permitted
with respect to the C/D | with respect to the C/D
track track and zero mark
Hall sensor Does not influence the | Does not influence the | Does not influence the Hall Not permitted
Hall sensor. The Hall Hall sensor. sensor.
sensor must be me- Shifts the commutation | Shifts the commutation with
chanically adjusted. with respect to the zero | respect to the absolute posi-
mark. tion (after two zero marks
have been passed).
Pole position | No effect Shifts the commutation | Shifts the commutation with Shifts the commutation
identification with respect to the zero | respect to the absolute posi- | with respect to abso-
mark tion (after two zero marks lute position
have been passed).
Note
When fault F07414 occurs, p1990 is automatically started; if p1980 # 99 and p0301 does not
refer to a catalog motor with an encoder that is adjusted in the factory.
4144 Overview of important parameters (see SINAMICS S120/S150 List Manual)

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

Drive functions

e p0325[0...n]
e p0329[0...n]
e p0404[0...n]
e p0430[0...n]
e p0431[0...n]
e p0437[0...n]

Motor pole position identification current 1st phase

Motor pole position identification current

Encoder configuration active

Sensor Module configuration

Commutation angle offset

Sensor Module extended configuration
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ro458
ro459

p0640]0..
p1082[0..

p1215

p1980]0..
p1981[0..
p1982[0..

p1983
r1984
r1985
r1986
r1987
p1990

p1991[0..
r1992.0...
p1993[0..
p1994[0..
p1995[0..
p1996[0..
p1997[0..
p3090[0..
p3091[0..
p3092[0..
p3093[0..
p3094[0..
p3095[0..
p3096[0..

.n]

.n]
.n]

.n]

.n]

.n]

15

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

.n]

r3097.0...31

Sensor Module properties
Sensor Module extended properties
Current limit

Maximum speed

Motor holding brake configuration
PollD procedure

PolID maximum distance

PolID selection

PolID test

PollD angular difference

PolID saturation curve

PolID saturation curve 2

PolID trigger curve

Encoder adjustment, determine commutation angle offset

Motor changeover, commutation angle offset

CO/BO: PollD diagnostics

PollD motion-based current

PolID motion-based rise time

PollD motion-based gain

PollD motion-based integral time

PollD motion-based smoothing time

PollD elasticity-based configuration

PolID elasticity-based ramp time

PolID elasticity-based wait time

PolID elasticity-based measurement count
PolID elasticity-based deflection expected
PolID elasticity-based deflection permitted
PolID elasticity-based current

BO: Pole ID elasticity-based status

Drive functions
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4.15

Principle

Drive functions

4.15 Vdc control

Vdc control

The Vdc control monitors the DC voltage in the DC link for overvoltage and undervoltage. If
an overvoltage or undervoltage is identified in the DC link line-up, a subsequent response
can be set with the Vdc control via p1240.

The torque limits of the motors for which the Vdc controller is active can be affected if
discrepancies in the DC link voltage are significant enough. The motors may no longer be
able to maintain their setpoint speed or the acceleration/braking phases are prolonged.

In a drive line-up, one or more drives can be used to relieve or support the DC link. This
allows a fault due to an unfavorable DC link voltage to be avoided. The drives remain ready
for operation.

Generally, a maximum motoring power pmot of the Motor Module from the DC link is given by
Pmot = Vbc, actual value * (VDC, actual value = p1248) : p1250

Correspondingly, a maximum regenerative feedback power Pgen of the Motor Module into the
DC link of

Pgen = Vb, actual value * (p1244 - Vbc, actual value) : p1250

The Vqc controller is a P controller that influences the torque limits. It only intervenes when
the DC link voltage approaches the "upper threshold" (p1244) or "lower threshold" (p1248)
and the corresponding controller is activated with p1240.

The recommended setting for the P gain is
p1250 = 0.5 - DC link capacitance [mF].

Once the DC link has been identified (p3410), the DC link capacitance can be read in
parameter p3422 in the Infeed Module.

Note

To ensure that the drives remain active if the Line Module has failed, the response to fault
FO07841 must be changed to "none" or the operation message from the Infeed Module must
be permanently set to "1" with p0864.

The Vqc controller can be used, for example, when a Line Module without energy feedback
capability (Vdc_max controller) is used and as a safety measure in the event of a power failure
(Vac_min and Vdc_max controller). To ensure that critical drives can be operated for as long as
possible, parameterizable faults exist that switch off individual drives if there is a problem
with the DC link.

The voltage limit values for V4 control also have an impact on V/f control, although the
dynamic response of V4c control is slower in this case.
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4. 15 Vdc control

Vdc_min control

A Line supply failure Line supply return
p1248 3
0,9 - 10208 L C
1 | without Vdc_min control 1
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Figure 4-19  Switching Vac_min control on/off (kinetic buffering)

In the event of a power failure, the Line Module can no longer supply the DC link voltage,
particularly if the Motor Modules in the DC link line-up are drawing active power. To maintain
the DC link voltage in the event of a power failure (e.g. for a controlled emergency
retraction), the Vac_min controller can be activated for one or more drives (p1240 = 2, 3).
When the set voltage threshold of p1248 is fallen below, these drives are switched into the
generator mode so that they can buffer the DC link voltage with their kinetic energy. The
threshold should be set considerably higher than the shutdown threshold of the Motor
Modules (recommendation: 50 V below the DC link voltage). When the line supply returns,
the Ve controller is automatically inactive. The drives approach the speed setpoint again. If
the line supply does not return, then the DC link voltage collapses as soon as the kinetic
energy of the drives is exhausted with an active Vdc_min controller.

Note

If it is expected that the line supply will return, you must make sure that the drive lineup is not
disconnected from the line supply. It could become disconnected, for example, if the line
contactor drops out. The line contactor must be supplied, e.g. from an uninterruptible power
supply (UPS).

V4c_min control without braking

166

As for V4c_min control with braking, however, active motor braking can be prevented by
reducing the DC link voltage (p1240 = 8, 9). The effective upper torque limit must not be less
than the torque limit offset (p1532). The motor does not go into the generator mode and
does not draw any active power from the DC link.

Drive functions
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Vdc_max control

4.15 Vdc control

\Y%| A without Vdc_max control, fault
820 V F30002 Vdc_max
p1244 ,/' Vdc_threshold upper
V] H
DC link
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\\~\ act
\\Qs t
»
»
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0A . >
4

gset without Vdc_max control

Figure 4-20  Switching the Vdc_max control on/off

With Infeed Modules without feedback or in the event of a power failure, the DC link voltage
can increase until it reaches the shutdown threshold when drives in the DC link line-up are
decelerated. To prevent the system from shutting down due to a DC link overvoltage, the
Vdc_max controller can be activated for one or more drives (p1240 = 1, 3). The Vdc_max
controller is normally activated for drives that have to decelerate/accelerate high levels of
kinetic energy themselves. When the overvoltage threshold in p1244 is reached
(recommended setting: 50 V higher than the DC link voltage), the braking torque of the
drives with an active Vac_max controller is reduced by shifting the torque limit. These drives
feed back exactly the same amount of energy, that is drawn as a result of losses or loads in
the DC link. This function minimizes the braking time.

Note

If other drives in the drive line-up, where the Vac_max controller is not active, feed energy back,
the drives with an active V4c_max controller can even be accelerated to absorb the braking
energy and, in turn, relieve the DC link.

Vdc_max control without acceleration

Drive functions

As for the normal Vac_max control (p1240 = 1, 3), if the drive must not be accelerated by
means of feedback from other drives in the DC link, acceleration can be prevented by the
setting p1240 = 7, 9. The effective lower torque limit must not be greater than the torque limit
offset (p1532).
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4. 15 Vdc control

Ve controller Monitoring

In the event of a power failure, the Line Module can no longer supply the DC link voltage,
particularly if the Motor Modules in the DC link line-up are drawing active power. To ensure
that the DC link voltage is not burdened with uncritical drives in the event of a power failure,
these drives can be switched off by a fault (F30003) with a parameterizable voltage
threshold (p1248). This is carried out by activating the V4c_min monitoring function (p1240 = 5,
6).

In the event of a power failure, the DC link voltage can increase until it reaches the shutdown
threshold when drives are decelerated. To ensure that the DC link voltage is not loaded with
uncritical drives in the event of a power failure, these drives can be switched off with fault
F30002 with a parameterizable voltage threshold in p1244. This is done by activating the
Vdc_max monitoring (p1240 = 4, 6).

Function diagrams (see SINAMICS S120/S150 List Manual)

e 5300 Servo control - V/f control for diagnostics

e 5650 Servo control - Vdc_max controller and Vdc_min controller

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

168

e r0056.14 CO/BO: Status word, closed-loop control: Vdc_max controller active
e r0056.15 CO/BO: Status word, closed-loop control: Vdc_min controller active
e p1240[0...n] Vdc controller or Vdc monitoring configuration

e p1244[0...n] Upper DC link voltage threshold

e p1248[0...n] Lower DC link voltage threshold

e p1250[0...n] Vdc controller proportional gain

Drive functions
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4.16

Requirements

Drive functions

4.16 Dynamic Servo Control (DSC)

Dynamic Servo Control (DSC)

The function Dynamic Servo Control" (DSC) is a closed-loop control structure which is
computed in a fast speed controller cycle and is supplied with setpoints by the controller in
the position controller cycle.

This allows higher position controller gain factors to be achieved.

The following prerequisites are necessary to use the "Dynamic Servo Control" function:
® n-set mode
® [sochronous PROFIBUS DP or PROFINET IO with IRT

® The position controller gain factor (KPC) and the position deviation (XERR) must be
included in the setpoint telegram of PROFIBUS DP or PROFINET IO with IRT (refer to
p0922).

® The actual position value must be transferred to the master in the actual value telegram
of PROFIBUS DP or PROFINET IO with IRT via the encoder interface Gx_XIST1.

e \When DSC is activated, the speed setpoint N_SOLL_B from the PROFIdrive telegram
from PROFIBUS DP or PROFINET IO with IRT is used as a speed precontrol value.

e The internal quasi position controller, DSC position controller (FP3090), uses the actual
position value G1_XIST1 from the motor measuring system or the actual position value
from an additional encoder system (telegrams 6, 106, 116, 118, 126, 136 and 138 or free
telegrams).

The following PROFIdrive telegrams support DSC:
e Standard telegrams 5 and 6
e SIEMENS telegrams 105, 106, 116, 118, 125, 126, 136, 138, 139

Further PZD data telegram types can be used with the telegram extension. It must then be
ensured that SERVO supports a maximum of 20 PZD setpoints and 28 PZD actual values.

Note

Synchronization is required on the control side and on the drive side for the operation of
DSC.

A detailed description of the DSC mode of operation is provided in function diagram 3090
(see SINAMICS S120/S150 List Manual).
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4.16 Dynamic Servo Control (DSC)

Operating states

The following operating states are possible for DSC (for details, see function diagram 3090
in the SINAMICS S120/S150 List Manual):

Operating state for DSC Meaning
Speed/torque precontrol with linear | As a result of the step-like torque precontrol in the position
interpolation controller cycle, a pulsed torque characteristic is obtained with

the excitation cycle.

Speed precontrol with splines” e The position setpoint is made symmetrical.

e The speed precontrol value is not made symmetrical.

Speed/torque precontrol with e The position setpoint is made symmetrical.
splines™

e The speed precontrol value is made symmetrical.2

e The torque precontrol value is not made symmetrical.

1)

2)

The following improvements are obtained as a result of the spline interpolation:

- A finer interpolation of the torque in the speed controller cycle and so smoother movements and
the avoidance of the impact torques.

- Very high path accuracy for torque speed precontrol (i.e. smaller following error in the control be-
havior).

- High-frequency path movements are possible

For active symmetrization (T_SYMM > 0), using p1427 you can set an additive symmetrizing time
constant T_SYMM_ADD to symmetrize the speed precontrol value when torque precontrol is ac-
tive.

In this case, the speed precontrol value is symmetrized with the sum of the following time con-
stants:

T_SYMM (see p1195) + T_SYMM_ADD (p1427) + 0.5 - T_speed_controller_cycle (p0115[1])

The speed generation is considered automatically using the position differences with a half speed
controller cycle.

Activation

If the preconditions for dynamic servo control are fulfilled, then the DSC structure is activated

using a logical interconnection of the following parameters via a selected PROFIdrive

telegram:

e p1190 "DSC position deviation XERR"

® p1191 "DSC position controller gain KPC"

® p1194 "Cl: DSC control word DSC_STW"

e p1195 "Cl: DSC symmetrizing time constant T_SYMM"

® p1430 "CI: Speed precontrol"

Drive functions
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Deactivation

4.16 Dynamic Servo Control (DSC)

If KPC = 0 is transferred, only speed control with the speed precontrol values can be used
(p1430, PROFIdrive N_SOLL_B and p1160 n_set_2). Position-controlled operation requires
a transfer of KPC > 0.

Note
KPC when DSC is activated

After activating dynamic servo control, check the position controller gain KPC in the master.
It may be necessary to correct the setting.

Channel p1155 for speed setpoint 1, as well as channel r1119 for the extended setpoint, are
disconnected when DSC is active.

When DSC is activated, p1160 for speed setpoint 2 and p1430 for the speed precontrol are
added to the speed setpoint from the DSC, see function diagram 3090.

If the interconnection is removed at the connector input for KPC or XERR (p1191 =0 or
p1190 = 0), the DSC structure is dissolved and the "DSC" function deactivated. The sum
from r1119 and p1155 is then added to the values from p1160 and p1430 from the speed
precontrol.

Since it is possible to set higher gain factors using DSC, the control loop can become
unstable when DSC is disabled. For this reason, before deselecting DSC, the value for KPC
in the master must be reduced.

Speed setpoint filter

A speed setpoint filter for smoothing the speed setpoint steps is not required when DSC is
active.

When using the "DSC" function, it only makes sense to use speed setpoint filter 1 to support
the position controller, e.g. to suppress resonance effects.

External encoder systems (except motor encoder)

Drive functions

If, with DSC active, an external encoder is to be used, this requires the selection of a
telegram with additional actual encoder values: Telegrams 6,106,116,118, 126, 138 or free
telegrams.

For optimum control in the DSC mode, the same encoder(s) (encoder 2 and/or encoder 3)
must be selected for the control (master) and the drive via parameter p1192 "DSC encoder
selection".
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4.16 Dynamic Servo Control (DSC)

Wind-up effect

Diagnostics

172

If the encoder for the position actual value generation in the control and the encoder selected
for DSC differ regarding their pulse numbers and/or fine resolution, then this must be taken
into account in p1193. The factor represents the ratio of the pulse difference between the
encoders used for the same distance reference. Further, it should be noted that for different
encoders there are no dead times regarding their position actual value sensing (for example
as is the case for EnDat encoders and SSI encoders), as this will otherwise lead to
undesirable behavior.

The effect of the parameters p1192 and p1193 is illustrated in function diagram 3090.

If the drive reaches its torque limits when in the DSC mode, e.g. because of excessively fast
setpoint inputs, then positioning motion can be overshot. With this so-called wind-up effect,
the drive overshoots the specified target, the controller enters a specific correction, the drive
reverses, overshoots the target again, etc. In order to avoid this behavior, the drive limits the
position controller to values that the drive can always reliably maintain depending on the
acceleration capability. Set p1400.17 = 1 to activate dynamic setpoint limiting in the DSC
mode. In this case, the total weight (mit) must be precisely parameterized (determine the
weight p0341, p0342 and p1498 possibly using the mot ID). If the limiting responds, then this
is indicated in r1407.19. On this topic, also observe the description of parameter p1400.17
and function diagram 3090.

Parameter r1407 indicates which DSC closed-loop control structure is active, e.g.
r1407.20 = 1 means "DSC with Spline on".

Requirements for the display:

® p1190 and p1191 must be connected to a signal source with a value of >0
(DSC structure activated).

® OFF1, OFF3 and STOP2 must not be active.

® The motor data identification must not be active.

e Master control must not be active.

The following conditions can mean that although the bit is set, the DSC function is not active:
® |sochronous mode has not been selected (r2054 * 4).

e PROFIBUS is not isochronous (r2064[0] * 1).

e On the control side, DSC is not active, which causes the value of KPC = 0 to be
transferred to p1191.

Drive functions
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4.16 Dynamic Servo Control (DSC)

Function diagrams (see SINAMICS S120/S150 List Manual)

o 2401
o 2415
o 2416
o 2419
o 2420
o 2421
o 2422
o 2423
e 3090

e 5020
e 5030

PROFIdrive overview

PROFIdrive - Standard telegrams and process data 1

PROFIdrive - Standard telegrams and process data 2

PROFIdrive - Manufacturer-specific telegrams and process data 1
PROFIdrive - Manufacturer-specific telegrams and process data 2
PROFIdrive - Manufacturer-specific telegrams and process data 3

PROFIdrive - Manufacturer-specific telegrams and process data 4

PROFIdrive - Manufacturer-specific/free telegrams and process data

Setpoint channel - Dynamic Servo Control (DSC) linear and DSC Spline

(r0108.6 = 1)
Servo control - Speed setpoint filter and speed precontrol

Servo control - Reference model/precontrol balancing/speed limiting

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

e p1160[0...n]
e p1190
e p1191
e p1192[0...n]
e p1193[0...n]
e p1194
e p1195
e p14000...n]

e r1407.0...26

e p1430[0...n]

Drive functions

Cl: Speed controller, speed setpoint 2

Cl: DSC position deviation XERR

Cl: DSC position controller gain KPC

DSC encoder selection

DSC encoder adaptation factor

Cl: DSC control word DSC_STW

Cl: DSC symmetrizing time constant T_SYMM
Speed control configuration

17 DSC position controller limiting active
CO/BO: Status word, speed controller

04 Speed setpoint from DSC

19 DSC position controller limited

20 DSC with spline on

21  Speed precontrol for DSC with spline on
22 Torque precontrol for DSC with spline on
Cl: Speed precontrol
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4.17 Travel fo fixed stop

417 Travel to fixed stop

This function can be used to move a motor to a fixed stop at a specified torque without a
fault being signaled. When the stop is reached, the specified torque is established and is
then continuously available.

The desired torque derating is brought about by scaling the upper/motor-mode torque limit
and the lower/regenerative-mode torque limit.

Application examples
® Screwing parts together with a defined torque.

e Moving to a mechanical reference point.

Signals
For PROFIdrive telegrams 2 to 6, the following signals are automatically interconnected:
e Control word 2, bit 8 (STW2.8)
e Status word 2, bit 8 (ZSW2.8)
For PROFIdrive telegrams 102 to 106, the following signals are also interconnected:
® Message word, bit 1 (MELDW1)
® Process data M_red to the scaling of the torque limit

When the "basic positioner" function module is activated, the signals listed above are
automatically interconnected to the basic positioner.

Drive functions
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4.17 Travel fo fixed stop

Control signal Status signals

1545 Closed. p2081[8]
STW2.8 Hr2093.8 2093.8)— %Soit;o?"p —1r1406.8 ) ) (1406.8) ZSW2.8

In addition for p0922 = 102 ... 106
M_limit_1 p1522 Scaling
p1520 }—Rr—lmszo > > (1520)
. P1544 _> 100 % == 4000 Hex See
Receive process data function
diagram
1 1542 p1528 5620
5 2050[4 1 - (p1544 * x) —p1543 >>  (1543) 5630
10 % to 90 %
3
4 Scalin
M_limit_2 p1523 g
M_Red |Hp2050[4 p1521 > 1521 > > (1521)
6 e.g.
by 10 % p1544 _-> 100 % == 4000 Hex

1542 p1529
2050[4 1 - (p1544 * x) —p1543 >>  (1543)

10 % to 90 %

Figure 4-21  Signals for "Travel to fixed stop"

When PROFIdrive telegrams 2 to 6 are used, no torque reduction is transferred. When the
"Travel to fixed stop" function is activated, the motor ramps up to the torque limits specified
in p1520 and p1521. If the torque has to be reduced, protocols 102 to 106, for example, can
be used to transfer it. Another option would be to enter a fixed value in p2900 and
interconnect it to the torque limits p1528 and p1529.

Drive functions
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4.17 Travel fo fixed stop

Signal chart

M_actual

M_limit

n_set

N

p1542
Torque-
reduction

Additionally with PROFIdrive
Telegrams 102 ... 106

p1545
Traverse to
fixed stop

T

r1407.7
Torque-
limit reached

Fixed stop reached

A

A 4

r2199.11
Torque off-
use < p2194

Figure 4-22  Signal chart for "Travel to fixed stop"
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Drive functions
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4.17 Travel fo fixed stop

Commission PROFIdrive telegrams 2 to 6
1. Activate the "Travel to fixed stop" function via the parameter setting p1545 = "1".
2. Set the required torque limit.

Example:

p1400.4 = 0 — upper or lower torque limit

p1520 = 100 Nm - effective in upper positive torque direction
p1521 = -1500 Nm — effective in lower negative torque direction

3. Traverse the motor to stop.

The motor runs at the set torque until it reaches the stop and continues to work against
the stop until the torque limit has been reached, this status being indicated in status bit
r1407.7 "Torque limit reached".

Control and status messages

Table 4- 17  Control: Travel to fixed stop

Signal name Internal control word STW | Binector input PROFIdrive p0922 and/or
n_ctrl p2079
Activate travel to fixed stop 8 p1545 Activate travel to fixed STW2.8
stop

Table 4- 18 Status message: Travel to fixed stop

Signal name Internal status word Parameter PROFIdrive p0922 and/or
p2079

Travel to fixed stop active - r1406.8 ZSW2.8

Torque limits reached ZSW n_ctrl.7 r1407.7 ZSW1.11 (inverted)

Torque utilization < torque ZSW monitoring functions | r2199.11 MELDEW.1

threshold value 2 3.1

Drive functions
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4.17 Travel fo fixed stop

Function diagrams (see SINAMICS S120/S150 List Manual)

e 5609 Servo control, generation of the torque limits, overview

e 5610 Servo control — torque limiting/reduction, interpolator

e 5620 Servo control - Motoring/generating torque limit

e 5630 Servo control - Upper/lower torque limit

e 8012 Signals and monitoring functions — Torque messages, motor locked/stalled

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

e p1400[0...n]
e r1407.7

e p1520[0...n]
e p1521[0...n]
e p1522[0...n]
e p1523[0...n]
e 1526

e 1527

e p1532[0...n]
e p1542[0...n]
e 1543

e p1544

e p1545[0...n]
e p2194[0...n]
e p2199.11

178

Speed control configuration

CO/BO: Status word speed controller;
torque limit reached

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 without offset
CO: Torque limit, lower/regenerative without offset
Torque limit, offset

ClI: Travel to fixed stop, torque reduction

CO: Travel to fixed stop, torque scaling

Travel to fixed stop, evaluation torque reduction
Bl: Activate travel to fixed stop

Torque threshold value 2

CO/BO: Status word monitoring;
Torque utilization < torque threshold value 2

Drive functions
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4.18 Vertical axes

With a vertical axis without mechanical weight compensation, electronic weight
compensation can be set by offsetting the torque limits (p1532). The torque limits specified in
p1520 and p1521 are shifted by this offset value.

4.18 Vertical axes

The offset value can be read in r0031 and transferred in p1532.

To reduce compensation once the brake has been released, the torque offset can be
interconnected as a supplementary torque setpoint (p1511 or p1513). In this way, the
holding torque is set as soon as the brake has been released.

Function diagrams (see SINAMICS S120/S150 List Manual)

e 5060
e 5620
e 5630

Servo control - Torque setpoint, switchover control mode
Servo control - Motoring/generating torque limit

Servo control - Upper/lower torque limit

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

e 10031

e p1511[0..
e p1512[0..
e p1513[0..
e p1520]0..
e p1521[0..
e p1532[0..

Drive functions

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

.n]

Actual torque smoothed

Cl: Supplementary torque 1

Cl: Supplementary torque 1 scaling
Cl: Supplementary torque 2

CO: Torque limit, upper/motoring
CO: Torque limit, lower/regenerative

CO: Torque limit, offset
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4.19 Variable signaling function

4.19

Variable signaling function

Variable signaling function for monitoring

Example 1:

Example 2:

180

Using the "Variable signaling" function, BICO interconnections and parameters that have the
attribute "traceable" can be monitored; otherwise they can also be recorded using the
"Device trace" commissioning function.

Note

The variable signaling function works with an accuracy of 8 ms (also to be taken into account
for pickup and dropout delay).

Enter the desired data source into parameter p3291 of the drive object expert list. In
parameter p3295 define a threshold value for the data source. The hysteresis of the
threshold value can be set with p3296. If the threshold value is violated, then an output
signal is generated from r3294.

A pickup delay can be set with p3297 and a dropout delay with p3298 for the output signal
r3294.

The setting of a hysteresis results in a tolerance band around the threshold value. If the
upper band limit is exceeded, the output signal r3294 is set to "1", if it drops below the lower
band limit the output signal is set to "0"

You set the sampling time of the variable signaling function in p3299.

After completing the configuration, activate the variable signaling function with p3290.0 = 1.

Heating should be switched on depending on the temperature. For this the analog signal of
an external sensor is connected with the variable signaling function. A temperature threshold
and a hysteresis is defined to prevent the heating from switching on and off constantly.

The pressure as process variable is to be monitored, whereby a temporary overpressure is
tolerated. For this, the output signal of an external sensor is connected with the variable
signaling function. The pressure thresholds and a pull-in delay are set as tolerance time.

Drive functions
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4.19 Variable signaling function

When the output signal of the variable signaling function is set, bit 5 in message word
MELDW is set during cyclic communication. The message word MELDW is a component of
the telegrams 102, 103, 105, 106, 110, 111, 116, 118, 126.

monitored signal /\ :
Threshold Hysteresis p3296
p3295 | / _________ X’i ]
' t

Pickup delay p3297 Dropout delay p3298
BICO output : i
1signal _— _— _ _ _ e ' ' '
r3294 | |
Osignal _ _ | S I
Threshold Fallen below | Exceeded | Fallen below
T T

Figure 4-23 Variable signaling function

Function diagrams (see SINAMICS S120/S150 List Manual)

e 5301 Servo control - variable signaling function

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

e p3290 Variable signaling function, start

e p3291 ClI: Variable signaling function signal source
e 13294 BO: Variable signaling function, output signal
e p3295 Variable signaling function, threshold value

e p3296 Variable signaling function, hysteresis

e p3297 Variable signaling function, pickup delay

e p3298 Variable signaling function, dropout delay

e p3299 Variable signaling function, sampling time

Drive functions
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4.20

Central probe evaluation

Frequently, motion control systems have to detect and save the positions of drive axes at an
instant in time defined by an external event. For example, this external event may be the
signal edge of a probe. The following can be necessary:

® Several probes have to be evaluated
® The actual position values of several axes must be saved with a probe event.

For the central probe evaluation, the instant in time of the probe signal is detected and saved
by a central function. From the sampling values of the position signals of the various axes,
the control interpolates the times of the actual position values at the probe instant. Three
evaluation procedures are implemented in SINAMICS S120 for this purpose.

The evaluation procedures can be set using parameter p0684:
e With handshake (p0684 = 0)
Factory setting
e Without handshake, 2 edges (p0684 = 1)
A change to p0684 = 0 or 1 is possible in the RUN state.
e Without handshake, more than 2 edges (p0684 = 16)
Measuring several signal edges per probe, without handshake:
A change to p0684 = 16 only becomes active after "Save parameters" and "POWER ON".

A change of p0684 = 16 to p0684 = 0 or 1 only becomes active "After save parameters"
and "POWER ON".

The fail safety of the standard PROFIdrive connection without handshake cannot be
guaranteed. The "Without handshake" function has been released for "integrated" platforms
(e.g. SINAMICS integrated in SIMOTION D425). You must use the "With handshake"
function to ensure absolute reliability when detecting the probe.

PROFIdrive telegrams for the central measuring function

182

® Telegram 390: No probe

® Telegram 391: 2 probes (when p0684=0/1)

® Telegram 392: 6 probes (when p0684=0/1)

® Telegram 393: 8 probes (when p0684=0/1)

® Telegram 394: No probe

® Telegram 395: 16 probes, time stamp (p0684 = 16)

Drive functions
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4.20 Central probe evaluation

Common features for central measuring with and without handshake
Both measuring procedures have the following points in common:
e Setting the input terminal in p0680.
e Signal source, synchronization signal in p0681.
e Signal source, control word probe p0682.
e Transfer with the communication interface PROFIdrive.
® Synchronizing and monitoring isochronous PROFIdrive
® Prerequisite for measurements is the synchronization between the control and drive.

e Setpoint transfer at start time To and actual value transfer at instant in time Ti in the
PROFIBUS cycle (max. 8 ms).

e Time stamp: Format (drive increments, NC decrements)

e Each valid time stamp in the drive is incremented by 1 in order to make a differentiation
between a valid measuring time zero and an invalid time format. This increment is
removed again by the higher-level control.

® The value "0" in the interface is an invalid time format and indicates that a measured
value is not available.

e Sequencer for the control/status word processing
® Monitoring functions (sign of life)

e Faults

Note
Time-critical data transfer

The status information E_DIGITAL and A_DIGITAL in telegrams 39x are not subject to any
precise time restraints according to the specifications. The transfer of E_DIGITAL and the
output of A_DIGITAL are realized independently of the PROFIBUS cycle with the
PROFIdrive PZD sampling time according to p2048. Depending on the module, this can be
set to between 1 ms and 16 ms. As a consequence, dead times must be expected for the
transfer of output values and the feedback signal of input values.

Although the probe status word MT_ZSW is identical with the content of E_DIGITAL, it is
however directly transferred in PZDs. As a consequence, for time-critical applications
measuring probes or cams should be used.

Drive functions
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Central measuring with handshake

With p0684 = 0, you activate the evaluation procedure with handshake for the central probe
evaluation. You can evaluate a maximum of one positive and/or negative edge per probe
within four DP cycles.

Tor = PROFIBUS cycle (also DP cycle)
Twmapc = master application cycle time (time grid, in which the master application generates
new setpoints).

e Transfer, control word probe (BICO p0682 to PZD3) at the start instant To in the MAPC
cycle.

® The measurement is activated with a 0/1 transition of the control bit for a falling or rising
edge in the probe control word.

e [f the measurement is activated, in data bus cycle (e.g. PROFIBUS cycle: DP cycle) a
check is made as to whether a measured value is available.

e |f a measured value is available, then the time stamp is entered into either p0686 or
p0687.

® The time stamp is transferred until the control bit for falling or rising edge is set to "0" in
the control word. Then, the associated time stamp is set to "0".

e The measurement is deactivated by a 1/0 transition of the control bit in the probe control
word.

e Transfer with PROFIdrive telegrams 391, 392 or 393.

Central measurement without handshake, two edges

With p0684 = 1, you activate the evaluation procedure without handshake for the central
probe evaluation. You can evaluate a maximum of two edges per probe simultaneously
within two DP cycles. Precondition:

Top = Tmarc (cycle ratio = 1:1, cycle reduction not possible).

If the measurement is activated, a check is made in the DP cycle as to whether a measured
value was acquired:

e |f a measured value is available, then the time stamp is entered in either p0686 or p0687
and a new measurement is automatically activated.

e |f a measured value is not available, then the time stamp zero is entered into either p0686
or p0687.

e This means that a time stamp is only transferred once before it is overwritten with zero or
a new time stamp.

e The measurement is immediately reactivated after the measured values have been read
out.

e Parallel to acquiring new probe events, the measuring results are transferred to the
higher-level control for one DP cycle without evaluating the success.

® For each probe, a maximum of one rising and one falling edge can be detected for each 2
DP cycles.

e Transfer with PROFIdrive telegrams 391, 392 or 393.

Drive functions
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4.20 Central probe evaluation

Central measurement without handshake, more than two edges

With p0684 = 16, you activate the evaluation procedure without handshake for the central
probe evaluation. You can evaluate up to 16 signal edges from a maximum of 2 probes
simultaneously within a DP cycle.

DP cycle = PROFIBUS cycle = Top
Twmarc = master application cycle time (time grid, in which the master application generates
new setpoints).

Drive functions

For each probe, up to 8 rising and/or 8 falling edges can be detected in each DP cycle
and saved in a measurement buffer.

For each probe it can be selected whether the rising or falling signal edges are to be
taken into account.

The cyclic measurement is activated with a 0/1 transition of the control bit for the signal
edges in the probe control word.

After activating the measurement, the measured value buffer is emptied once for
initialization.
When the buffer is full, the oldest measured value is overwritten first (first in/first out). The

bit "measured value buffer full" in the probe-diagnostic word signals the risk of losing
measured values.

The measured value buffer is then cyclically emptied and the measured values are
converted in the sense of a measuring task into a time stamp. The time stamps are saved
according to their chronological order, starting with the oldest, in the indexes of parameter
r0565[0...15] for the transfer.

If several probes of being used, then the time stamps of the measurements are entered
into the telegram block, corresponding to their chronological sequence, from the lowest
up to the highest probe.

Up to 16 time stamps (MT_ZS), can be entered into telegram 395.

As soon as there is no longer any space for the time stamps of a probe in telegram 395,
then the "Telegram full" is set in MT_DIAG.
Example:

— 4 values are transferred from the 1st probe
— 6 values are transferred from the 2nd probe

— Only the first 6 measured values are transferred from the 3rd probe - the rest is cut off
and "Full telegram" is signaled in MT_DIAG.

From a selected probe, all signal edges are always taken into account. Individual signal
edges cannot be selected or deselected.

The time stamps are transferred in parallel (to acquire new probe events associated with
a time stamp without handshake). A time stamp is only transferred for one DP cycle.
Then the time stamp overwritten with zero or a new time stamp.

The cyclic measurement is deactivated with a 1/0 transition of the control bit for a falling
or rising signal edge in the probe control word.

Transfer with PROFIdrive telegram 395.
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The PZDs of the probe time stamp are BICO parameters, which are automatically connected
with the indices of the new parameter r0565[16] when the telegram block is selected.

After the measuring function has been activated, for several measured values per DP cycle,
the acquired time stamps are saved in the indices of r0565[0...15] for transfer, corresponding
to their sequence in time starting with the oldest measured value.

Probe time stamp references

186

For telegram 395, the probe time stamps MT_ZS_1...16 are assigned to the telegram
locations using the probe time stamp references MT_ZSB1...4.

Four probe time stamps each (MT_ZS) are assigned a probe time stamp reference

(MT_ZSB):

Table 4- 19  Assignment, probe time stamp reference to time stamp

Probe time stamp reference Probe time stamp Bits
MT_ZSB1 Reference ZS1 Bits 0...3
Reference ZS2 Bits 4...7
Reference ZS3 Bits 8...11
Reference ZS4 Bits 12...15
MT_ZSB2 Reference ZS5 Bits 0...3
Reference ZS6 Bits 4...7
Reference ZS7 Bits 8...11
Reference ZS8 Bits 12...15
MT_ZSB3 Reference ZS9 Bits 0...3
Reference ZS10 Bits 4...7
Reference ZS11 Bits 8...11
Reference ZS12 Bits 12...15
MT_ZSB4 Reference ZS13 Bits 0...3
Reference ZS14 Bits 4...7
Reference ZS15 Bits 8...11
Reference ZS16 Bits 12...15

Drive functions
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Table 4- 20 Bit assignment of MT_ZSB1 (r0566[0])

4.20 Central probe evaluation

Reference time stamp

Probe bit, binary values

Edge selection bit

Reference MT_ZS1

Bits 0...2:

Bit 3:

000: MT_ZS1 from MT1
001: MT_ZS1 from MT2
010: MT_ZS1 from MT3
011: MT_ZS1 from MT4
100: MT_ZS1 from MT5
101: MT_ZS1 from MT6
110: MT_ZS1 from MT7
111: MT_ZS1 from MT8

0: MT_ZS1 falling edge
1: MT_ZS1 rising edge

Reference MT_ZS2

Bits 4...6:

Bit 7:

000: MT_ZS2 from MT1
001: MT_ZS2 from MT2
110: MT_ZS2 from MT7
111: MT_ZS2 from MT8

0: MT_ZS2 falling edge
1: MT_ZS2 rising edge

Reference MT_ZS3

Bits 8...10

Bit 11:

000: MT_ZS3 from MT1
001: MT_ZS3 from MT2
110: MT_ZS3 from MT7
111: MT_ZS3 from MT8

0: MT_ZS3 falling edge
1: MT_ZS3 rising edge

Reference MT_ZS4

Bits 12...14

Bit 15

000: MT_ZS4 from MT1
001: MT_ZS4 from MT2
110: MT_ZS4 from MT7
111: MT_ZS4 from MT8

0: MT_ZS4 falling edge
1: MT_ZS4 rising edge

Examples for determining the reference values of the probe evaluation in hex:

0000 = 0 hex = time stamp from probe 1 falling edge
1000 = 8 hex = time stamp from probe 1 rising edge
0001 = 1 hex = time stamp from probe 2 falling edge

1001 = 9 hex = time stamp from probe 2 rising edge

Drive functions
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4.20 Central probe evaluation

Measurement buffer

Remarks

4.201

Each measuring pulse input of a Control Unit 320-2 or 310-2 has one memory for maximum
16 measured value entries (8 rising and 8 falling edges).

The measured values for rising and falling signal edges are sequentially written to the
memory. If the memory is full and a new measured value is entered, all entries move down
by one location and the oldest value drops out. This means that in the case of an overflow
the latest 16 values are contained in the memory. When reading out an entry, the oldest
value is taken from the memory. The remaining entries move down and make space for a
new entry (FIFO principle).

Other applications can also read the probe status and evaluate the probe measured values.

Example:
EPOS controls its probes axis-specifically. A control system can connect to the probe to read
its data and integrate the information into the drive telegram.

Examples

Examples of probe evaluation

188

Hex values in MT_ZSB from the above example:
® (0 hex = time stamp from probe 1, falling edge
® 8 hex = time stamp from probe 1 rising edge

® 1 hex = time stamp from probe 2, falling edge

® 9 hex = time stamp from probe 2, rising edge

Drive functions
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Example 1
MT_STW = 100H: a search is only made for rising edges for probe 1
Cycle n Cycle n+1 Cycle n+2 Cycle n+3
1 2 3 1 2 1 2 3 1 2
MT_STW 100 hex 100 hex 100 hex 100 hex
MT_ZSB1 888 hex 88 hex 888 hex 88 hex
MT_ZSB2 0 hex 0 hex 0 hex 0 hex
Telegram 395 | | | | | | | | | |
123 12 123 12
Figure 4-24 A search is made for rising edges for probe 1
In the DP cycle, all time stamps for rising edges are transferred corresponding to their
sequence in time for probe 1.
Example 2

4.20 Central probe evaluation

MT_STW = 101H: a search is made for rising and falling edges for probe 1.

Cyclen Cycle n+1 Cycle n+2 Cycle n+3
1 2 3 4 5|11 2 34 5|1 2 3 4 5|1 2 3 4 5
MT_STW 101 hex 101 hex 101 hex 101 hex
MT_ZSB1 0808 hex 8080 hex 0808 hex 8080 hex
MT_ZSB2 8 hex 0 hex 8 hex 0 hex
retegram 395 LI 11
12345 12345 12345 12345

Figure 4-25 A search is made for rising and falling edges for probe 1

In the DP cycle, all time stamps for rising and falling edges are transferred corresponding to
their sequence in time for probe 1.

Drive functions
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4.20 Central probe evaluation

Example 3

190

MT_STW = 303H: a search is made for rising and falling edges for probes 1 and 2.

MT1

MT2

MT_STW
MT_ZSB1
MT_ZSB2
MT_ZSB3

Telegram 395

Cycle n

(g
L

Cycle n+1

L
L

Cycle n+2

[
UL

Cycle n+3

LI
UL

303 hex 303 hex 303 hex 303 hex
0808 hex 8080 hex 0808 hex 8080 hex
9198 hex 1910 hex 9198 hex 1910 hex

91 hex 19 hex 91 hex 19 hex

12345678910

12345678910

12345678910

12345678910

Figure 4-26 A search is made for rising and falling edges for probes 1 and 2

In the DP cycle, initially all time stamps for rising and falling edges of probe 1 are entered.

Afterwards, all time stamps for rising and falling edges of probe 2.

Drive functions
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4.20 Central probe evaluation

4.20.2 Function diagrams and parameters

Function diagrams (see SINAMICS S120/S150 List Manual)

e 2423 PROFIdrive - Manufacturer-specific/free telegrams and process data

e 4740 Encoder evaluation - Probe evaluation, measured value memory,
encoders 1 ... 3

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

e r0565[0...15]
e 10566[0...3]
o r0567

e p0680[0...7]
e p0681

e p0682

e p0684

e r0685

e 10686[0...7]
e r0687[0...7]
o r0688

e r0898.0...14
e r0899.0...15
e p0922

e p0925

Drive functions
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CO: Probe time stamp

CO: Probe time stamp reference

CO: Probe diagnostic word

Central probe, input terminal

Bl: Central probe synchronization signal, signal source
Cl: Central probe control word signal source
Central probe evaluation procedure

Central probe control word display

CO: Central probe measuring time, rising edge
CO: Central probe measuring time, falling edge
CO: Central probe status word display

CO/BO: Control word, sequence control
CO/BO: Drive object status word

IF1 PROFIdrive PZD telegram selection

PROFIdrive isochronous sign-of-life tolerance
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4.21 Voltage precontro/

4.21 Voltage precontrol

4.21.1 Configuring the voltage precontrol

Using voltage precontrol (p1703), the dynamic response of the q current controller can be
increased independent of the controller setting - all the way up to the limit that is physically
possible. This means that the current setpoint is established as quickly as possible. Together
with the speed-torque precontrol (p1402.4 = 1, p1517 = 0 ms, p1428, p1429), the bandwidth
of the speed controller dynamic response can be increased.

Especially for synchronous motors, the motor g-inductance (p0356) changes significantly
with the torque-generating current. This response must be taken into account for the
precontrol model.

Configuring the voltage precontrol step-by-step with simple diagrams is subsequently
described.

Step 1: Setting the adaptation characteristic

1. Determine the g-inductance characteristic using a rotating measurement (p1959.5, p1960
and r1934, r1935).

2. Correct the parameters of the adaptation characteristic (p0356, p0391, p0392, p0393)
with the objective of achieving the smallest possible deviation between the measured and
parameterized characteristic.

Drive functions
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Examples:
Lq characteristic
12 S O
0
—e—Lg[Aeff] r1934[0..9]
10 B measured
—- parameterized characteristic
8 AN p391.p393
- N
E 6 B
o b -
4 N *i— e
2
0
0 5 10 15 20 25 30
Iq[Aeff]
p0391  0.33A

p0392 10.23A
p0393 39.31 %
p0356 10.16 mH

Figure 4-27 Adaptation characteristic, example 1

Drive functions
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4.21 Voltage precontro/

194

p0391
p0392
p0393
p0356

184

18.2

16.8

16.6

Lq characteristic

T T I
I I |
I ] ]

i

T T
I I I
] I ]

I 1

r—

H H

—e—Lg[Aeff] r1934[0..9]

measured

18 7

—— parameterized characteristic
L P

p391.p393

o4
/

17

M__.‘é

2.09A
11A
90.67 %
18.24 mH

lq[Aeff]

Figure 4-28 Adaptation characteristic, example 2
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4.21 Voltage precontrol/

Step 2: Determine the voltage precontrol in several optimization runs

1. To activate voltage precontrol, enter a value of "100" into p1703.

2. Proceed as follows to determine the dead time of the current controller reference model:

Activate p0340 = 4, and automatically calculate the closed-loop control parameters.
-Or-

Perform a One-Button-Tuning (Page 116) with p5271.4 = 1 and p5271.7 = 1
(p5300 = 1).

3. Measure a current controller setpoint step and correct the value p1703.

B0
580
560
540
520
500
480
450
440
207
400
380
350
340
320
3004

& 200

2 260
240
2204
2005
1804
1604
140
1204
1005

Repeat the current controller setpoint step until the current actual value reaches the
setpoint without any overshoot or undershoot (see the following sample displays).

---------- Bmmmme oo oo SRRV B247B[G]: Stromistiert momentenbildend Hrgegtatet

Figure 4-29 Voltage precontrol p1703 too low

Drive functions
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4.21 Voltage precontrol
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4.21 Voltage precontrol

E00—

HH- Stromistesert rmomeanterbidend? Hmgeakattet

U U S NS

zallwert

UErSpanmung

3

075
070
0.ES

085

025
020
-0.40

580

560

540—5

5204

180
180
140
1204

Voltage precontrol p1703 too high

Figure 4-31

Drive functions

197

Function Manual, 11/2017, 6SL3097-4AB00-0BP5



Servo control

4.21 Voltage precontro/

[Vefr]

. The result can be improved by compensating the voltage emulation error (only for

synchronous motors).
— To do this, activate function module "Extended torque control (Page 485)" (r0108.1).

— Determine the voltage emulation error with the stationary motor data identification
(p1909.14 = 1 and p1910).

— Activate the compensation of the voltage emulation error (p1780.8 = 1).

If, after reaching the current setpoint, the current actual value dips, correct the current
actual value via p1734 or p1735 (see the subsequent diagram).

160
145
140
1353
130
125
120
115
110
105
100
5
a0
g5
80
75
70
B85
50
55
503
45
404
35
304
25
20
153
10
5
0

P = {SERMO 037800l Sipristiyelt momeptebdsnd, Ungeglatet
— L © SERWD. 031733 Querspannungssallwart

0o 05 1.0 15 2.0 25 a0 35 4.0 45 5.0 5.5 6.0 6.5 7.0
[ms]

Figure 4-32 Example: Voltage precontrol before optimization (with dip)
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Proceed as follows to optimize (p1734 and p1735):

1. Set the current controller P gain (p1715) lower by a factor of 10.

2. Set the current controller integral time (p1717) higher by a factor of 10.
3. Set the decrease of the eddy current compensation p1734 = 0.
4

. Again measure a current controller setpoint step (example, following diagram)

(V)

Figure 4-33 Example

The measurement result in the example indicates that after reaching the setpoint, the
current decays according to an exponential function (1-exp(-t/Tsm)). You estimate the
smoothing time based on the time from the point of contact of the initial tangent with the
final value straight line.

5. Enter the time constant in p1735.

6. In p1734, enter by what percentage the setpoint point of contact should extend beyond
the final value straight line (e.g. (1.5A/1.32A -1)-100 % = 13.6 %).

Drive functions
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7. Restore the P gain (p1715) and integral time (p1717) of the current controller back to the

original values.

8. Again measure a current controller setpoint step.

150 1.6
145

T

SER ert momentenbildend

140
135
130
125
120
115
1o
105
100
95
a0
25
a0
75
70
E5

[Vefl]

[Aeff]

55
50
45
40
i)
a0
25
20
15
1o

5

1]

A_|_'_‘_'_|_'_‘_'_‘_'_‘_'_QL_'_ [ ._‘ EHVDU?LL?B[D]: Strog“is;g\gert mmen@m'ldegg Qngpag attet
: : o T SERVD_WEr738 Quespannungssolwert :

L e e e ot

Figure 4-34 Example: after optimization/tuning

In most cases, the voltage precontrol is correctly set after the eddy current compensation
(see example). If required, you can correct again using p1734.

Legend for the measurement diagrams

SERVO_0Z. ert momentenhbildend

Torque-generating current setpoint

SERYE- 0247 BHY- Strargsteeert romeénberbildend Hmgeatathet

Torque-generating current setpoint unsmoothed

Quadrature-axis voltage setpoint
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4.21.2 Function diagrams and parameters

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

p0340[0...n]
e p0356[0...n]
e p0391[0...n]
e p0392[0...n]
e p0393[0...n]
e p1402[0...n]
e p1428[0..n]
e p1429[0...n]
e p1517[0...n]
e p1701[0...n]
e p1703[0...n]
e p1715[0..n]
e p1717[0...n]
e p1734[0...n]
e p1735[0..n]

e p5271[0...n]
e p5300[0...n]

Drive functions
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Automatic calculation of motor/control parameters
Motor stator leakage inductance

Current controller adaptation, starting point Kp

Current controller adaptation, starting point Kp adapted
Current controller adaptation, P gain adaptation
Current control and motor model configuration

Speed precontrol symmetrizing dead time

Velocity precontrol balancing time constant
Acceleration torque smoothing time constant

Current controller reference model dead time

Isq current controller precontrol scaling

Current controller P gain

Current controller integral time

Isq current controller precontrol eddy current compensation drop

Isq current controller precontrol eddy current compensation time con-
stant

Online / One Button Tuning configuration

Autotuning selection

201



Servo control

4.21 Voltage precontro/
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Vector control 5

Definition

The motor connected to a vector control is simulated in a vector model based on data from
the equivalent circuit diagram. The motor module is emulated as precisely as possible to
obtain the best results regarding control precision and control quality.

There are 2 types of vector control:

® Vector control without encoder (Page 209) (SLVC) as frequency control

® Vector control with encoder (Page 219)as speed-torque control with speed feedback
Properties of vector control:

® Normal computing speed

® Best speed accuracy

® Best speed ripple

e Best torque accuracy

® Best torque ripple

Vector control can be used with or without a speed encoder.

Using a speed encoder
A speed encoder is required if the following criteria apply:
e High speed accuracy is required
e High dynamic response requirements
— Better control behavior
— Better response to disturbances
® Torque control is required in a control range greater than 1:10

e A defined and/or variable torque should be maintained for speeds below approx. 10% of
the rated motor frequency (p0310).

With regard to setpoint input, vector control is subdivided into:
® Speed control

® Torque/current control (in short: torque control)

Drive functions
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Differences with respect to vector V/f control

Compared with vector V/f control, vector control offers the following benefits:

e Stability for load and setpoint changes

e Short rise times for setpoint changes (- better control behavior)

® Short settling times for load changes (- better response to disturbances)

® Acceleration and braking are possible with maximum settable torque

e Motor protection due to variable torque limitation in motor and regenerative mode
e Drive and braking torque controlled independently of the speed

e Maximum breakaway torque possible at speed 0

Drive functions
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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 5- 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-CLIQ (Page 1014)"

in this document below

1 infeed + 6 drives

(with current controller sampling times
125 ps 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 s or speed controller sampling
times 62.5 ps)

Mixed operation, servo control with
125 us with V/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 ps or

speed controller sampling times

1.6 ms/2 ms)

V/f control:

1 infeed + 12 drives

(with current controller sampling times
500 ps or

speed controller sampling times

2000 ps)

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

Dynamic response

High

Medium

Note:

Additional information on the sampling conditions is provided in subchapter "Rules regarding sampling times (Page 1007)"

in this manual.

Drive functions
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Subject

Servo control

Vector control

Connectable motors

e Synchronous servomotors

e Permanent-magnet synchronous
motors

e Induction motors
e Torque motors
e Linear motors

e Synchronous motors (including torque
motors)

e Permanent-magnet synchronous
motors
¢ Induction motors

¢ Reluctance motors - textile (only for
V/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

V/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 pus / 16 kHz
e 1300 Hz with 62.5 us / 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.

Drive functions
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5.1
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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

0

o g B~ N -

Standard drive (VECTOR)

Pumps and fans

Encoderless control down to f = 0 (passive loads)
Dynamic response in the field weakening range
Starting with high breakaway torque

High load moment of inertia (e.g. centrifuges)

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 with p3900 > 0

e \When automatically calculating the motor/closed-loop control parameters with
p0340 =1, 3, 5 (for p0500 = 6: p0340 = 1, 3, 4)

e When calculating the technology-dependent parameters with p0578 = 1

Drive functions
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5.2 Vector control without encoder (SLVC)

5.2 Vector control without encoder (SLVC)

During operation via the "Sensorless vector control" function (SLVC), the position of the flux
and actual speed must be determined using the electric motor model. The motor model is
buffered by the incoming currents and voltages. At low frequencies (approx. 0 Hz), the motor
model cannot determine the speed with sufficient accuracy. For this reason, in this range,
the vector control can be changed over from closed-loop to open-loop control. When using
passive loads, additional limitations and constraints must be taken into consideration (see
Supplementary conditions for the operation of third-party motors).

5.2.1 Three-phase induction motor

The changeover between closed-loop/open-loop control is controlled by means of the time
and frequency conditions (p1755, p1756, p1758). If the setpoint frequency at the ramp-
function generator input and the actual frequency are below p1755 - (1 - (p1756/100 %))
simultaneously, then the system does not wait for the time condition.

|f act| A

pP1755 [1/MiN] e m e emem e e N\ Cm e .
p1755 [1/min] 4o oo N e A

of1- p1756
100%
open control loop % ————————————————
closed control loop

Figure 5-1 Changeover conditions for SLVC

R S p—— T ——

p1758
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Function Manual, 11/2017, 6SL3097-4AB00-0BP5 209



Vector control/

5.2 Vector control without encoder (SLVC)

5.2.2 Torque setpoint setting

In open-loop operation, the calculated actual speed value is the same as the setpoint value.
For static loads (e.g. for cranes) or during acceleration, you adapt the parameters p1610
(torque setpoint static) and p1611 (additional acceleration torque) to the required maximum
torque. The drive can then generate the static or dynamic load torque that occurs.

e |f, for induction motors (ASM), p1610 is set to 0%, then only the magnetizing current
r0331 is impressed.
If 100% is set, the rated motor current p0305 is impressed.

e |f, for reluctance motors (RESM) p1610 is set to 0 %, then only the no-load magnetizing
current is impressed.
If 100% is set, the rated motor current p0305 is impressed.

® For permanent-magnet synchronous motors (PMSM), for p1610 = 0%, a precontrol
absolute value, derived from the additional torque r1515, remains instead of the
magnetizing current of the induction motor.

To prevent stalling of the drive during acceleration, the supplementary acceleration torque
p1611 can be increased or acceleration precontrol for the speed controller can be used. This
avoids thermal overloading of the motor at low speeds.

If the moment of inertia of the drive is almost constant, acceleration precontrol with p1496
offers more advantages than the supplementary acceleration torque with p1611. You can
determine the drive moment of inertia using the rotating measurement:

p1900 = 3 and p1960 = 1.

Encoderless vector control has the following characteristics at low frequencies:

® Closed-loop controlled operation for passive loads up to approx. 0 Hz output frequency
(p0500 = 2), for p1750.2 = 1 and p1750.3 = 1.

e Start an induction motor in the closed-loop controlled mode (after the motor has been
completely excited), if the speed setpoint before the ramp-function generator is greater
than p1755.

® Reversing without the need to change into the open-loop controlled mode is possible, if
the range of the changeover speed p1755 is passed through in a shorter time than the
changeover delay time set in p1758, and the speed setpoint in front of the ramp-function
generator lies outside the open-loop controlled speed range of p1755.

e In the "Torque control" mode, at low speeds, the system always changes over into the
open-loop controlled mode.

Drive functions
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f“ Start f“ Zero point
A~ closed-loop A closed-loop
controlled controlled
0] Y51 J EE——— YE— ¢ p1755 \
i open-loop controlled i_open-loop
i controlled
: ot »t
_______________ —+ p1755
A

Figure 5-2  Zero crossover and when induction motors start in closed-loop or open-loop controlled
operation

Closed-loop operation to approx. 0 Hz (can be set using parameter p1755) and the
possibility to start or reverse at 0 Hz directly in closed-loop operation (can be set using
parameter p1750) result in the following benefits:

® No changeover operation required within closed-loop control (bumpless behavior, no
frequency dips, no discontinuities in the torque).

® Closed-loop speed control without encoder down to and including 0 Hz
® Passive loads down to a frequency of 0 Hz
® Steady-state closed-loop speed control down to approx. 0 Hz possible

® Higher dynamic performance when compared to open-loop controlled operation

Note

If, in the closed-loop controlled mode, start from 0 Hz or reversing takes longer than 2 s, or
the time set in p1758 - then the system automatically changes over from closed-loop
controlled into open-loop controlled operation.

Note

Operation in encoderless torque control only makes sense if, in the speed range below the
changeover speed of the motor model (p1755), the setpoint torque is greater than the load
torque. The drive must be able to follow the setpoint and the associated setpoint speed
(p1499 , FBD 6030).
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5.2.3

212

Passive loads

In the closed-loop controlled mode, for passive loads, induction motors can be operated
under steady-state conditions down to 0 Hz (standstill) without changing over into the open-
loop controlled mode.

Make the following settings for this:
1. Set p0500 = 2 (technological application = passive loads for encoderless control to f = 0).
2. Set p0578 = 1 (calculate technology-dependent parameters).

The following parameters are then set automatically:

— p1574 =2V for induction motors

— p1574 =4V for separately excited synchronous motors

— p1750.2 = 1, closed-loop operation down to 0 Hz for passive loads

- p1802 =4 SVM/FLB without overcontrol

— p1803 = 106% (factory setting)

As a consequence, the "Passive load" function is automatically activated.

Note

If p0500 is parameterized when commissioning the motor, the calculation is carried out
automatically via p0340 and p3900. p0578is is then set automatically.

Closed-loop control without changeover between closed-loop and open-loop speed control is
restricted to applications with passive load:

A passive load only has a reactive effect on the drive torque of the driving motor at the
starting point, e.g. high inertia masses, pumps, fans, centrifuges, extruders, travel drives, or
horizontal conveyors.

Standstill without a holding current is possible for as long as required. Then, at standstill,
only the magnetizing current is impressed in the motor.

Note
Generator operation

Steady-state generator operation at frequencies close to 0 Hz is not permissible in this
operating mode.

Drive functions
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Behavior controlled/regulated Behavior with p1750.2 = 1
[, n I, n
[ n Motor magnetizing current n
01610 4& I
r0331
e ¥ Switchover point
controlled/regulated
> >
I t

Figure 5-3  Vector control without an encoder

5.24 Blocking drives

If the load torque is higher than the torque limiting of the sensorless vector control, the drive
is braked to zero speed (standstill). In order that the open-loop controlled mode is not
selected after the time p1758, p1750.6 can be set to 1. Under certain circumstances the
"Motor blocked delay time" (p2177) must be increased.

Note
Exception for reversing drives

It is not permissible to use this setting if the load can force the drive to reverse.

5.25 Active loads

Active loads, which can reverse the drive, e.g. hoisting gear, must be started in the open-
loop speed control mode. In this case, bit p1750.6 must be set to 0 (open-loop controlled
operation when the motor is blocked). The static (steady state) torque setpoint p1610 must
be greater than the maximum occurring load torque.

Note
Loads that can drive the motor
For applications with high regenerative load torques at low speeds, p1750.7 can also be set

to 1. As a result, the speed changeover limits of the motor model are increased and a faster
changeover can be made into open-loop controlled operation.

Drive functions
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5.2.6

5.2.7

5.2.7.1

214

Permanent-magnet synchronous motors

Permanent-magnet synchronous motors (PMSM) are always started and reversed in the
open-loop controlled mode. The changeover speeds are set to 10% as well as 5% of the
rated motor speed. Changeover is not subject to any time condition (p1758 is not evaluated).
Prevailing load torques (motor or regenerative) are adapted in open-loop operation,
facilitating constant-torque crossover to closed-loop operation even under high static loads.
Whenever the pulses are enabled, the rotor position is identified.

£, M Start f M Zero crossing

p1755 p1755 4+——
| controlled controlled

J

L p1755 - (1 - (p1756/100%))
Az

Mset (r0079)
Mset (r0079)

F- t

Figure 5-4  Zero point and starting in the open-loop controlled mode at low speeds

Synchronous reluctance motors

Overview

Synchronous reluctance motors (RESM) are operated with vector control (with/without
encoder). Synchronous reluctance motors are motors that do not have a damping cage. The
advantages of this motor type include:

® No rotor losses
® Energy efficient operation in the partial load range with reduced flux

e Fast magnetization at high load torques

Note
No V/f control

It is not permissible that synchronous reluctance motors are operated with V/f control, as this
is only intended for diagnostic purposes.

Drive functions
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5.2.7.2

Requirements

Drive functions

5.2 Vector control without encoder (SLVC)

Note
Synchronous reluctance motors are considered to be synchronous motors
Generally, the data for "Synchronous motors" provided in the SINAMCS S120 Manuals also

applies to "Synchronous reluctance motors". Any deviating behavior/response of
synchronous reluctance motors is always explicitly specified.

Features

For the motor type RESM in the default configuration (without test signal), at low speeds the
system changes over into speed-controlled operation is also started in this way. The load
torque requirement expected must be known for open-loop speed controlled operation, and
can be parameterized using p1610 and p1611.

When reaching the voltage limit (depending on the load and speed), the motor flux is
appropriately reduced (field weakening). Depending on the torque demanded, the required
motor current increases up to the available current limit. If the speed is then to increase
further, in order to maintain the voltage limit, the current must be reduced to below the
available current limit. In this range, the motor power available is therefore solely limited by
the available voltage; for synchronous reluctance motors, as a result of the saturation
attributes, it is slightly below that for induction motors.

Closed-loop controlled operation down to f = 0 Hz with test signal

Due to the magnetically anisotropic rotor, sensorless field-oriented operation can be
continued until standstill (f = 0 Hz) in the synchronous reluctance motor. A replacement of
the field orientation at low speed in an open-loop mode, as physically required with other
machines, can thus be omitted in the synchronous reluctance motor.

To determine the rotor position and speed from voltage and current, not only their large
signal levels are used. Additive small excitation pulses are superimposed on the driving
fundamental voltage and the resulting current changes, which are dependent on the rotor
position, are evaluated.

Functionally, the process permits a behavior that is completely equivalent to control
operation with speed-position sensor. For example, sensorless torque control can be used
without limiting the speed range. The achieved dynamics are only insignificantly reduced
compared to operation with sensor for the vast majority of vector applications.

e \/ector control
® License: Advanced synchronous reluctance control

e Limited number of axes (see Chapter "Overview of system limits and system utilization
(Page 1004)")
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Enabling controlled operation with test signal
1. Set the required operating mode (p1300[0...n]).
2. Activate the higher-level method with test signal (controlled operation) with p1750.05 = 1.

If required by the system, the message F01040 appears when the power unit is
configured. This warning indicates that a parameter has been changed, which requires
saving the parameters and restarting the system.

5.2.8 Extended method: Closed-loop controlled operation down to 0 Hz

The actual rotor position can be continuously determined down to 0 Hz (standstill). With
Siemens 1FW4 and 1PH8 torque motors, the load can be maintained at standstill or, from
standstill, the motor can accelerate any load up to rated torque.

When the function is activated, at low speeds, additional noise can be heard, depending on
the motor design.

The procedure is suitable for motors with internal magnets.

Start Zero crossing
f, M, HF pulses f, M, HF pulses

p1755 p1755

/ set
274 :

High-frequency pulses

High-frequency pulses

------------------------- L p1755 x (1 - (p1756/100 %))
AL

Figure 5-5  Zero point in closed-loop operation down to zero speed

Note

Only open-loop controlled operation is permitted when using a sine-wave filter.
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Note
1FW4 torque motors

Siemens "1FW4" torque motors can be started from standstill and operated in the closed-
loop torque controlled mode. The function is activated with parameter p1750.5 = 1.

Third-party motors must be checked on a case-for-case basis.

Supplementary conditions for the use of third-party motors

® The procedure is very suitable for motors with magnets within the rotor core (IPMSM -
Interior Permanent Magnet Synchronous Motors).

® The ratio of stator quadrature reactance (Lsq): Stator direct-axis reactance (Lsd) must be
>1.5.

® The asymmetrical reactance ratio (Lsq:Lsd) is maintained in the motor up to a certain
current; this determines the possible operating limits of the method. If the procedure
should be operable up to the rated motor torque, then the reactance ratio must be
retained up to the rated motor current.

The following parameter input is prerequisite for optimal performance:

e Saturation characteristic: p0362 to p0369

® | oad characteristic: p0398, p0399

Commissioning sequence for closed-loop controlled operation to zero speed:

® Perform the commissioning with motor data identification at standstill.

® Enter the parameters for the saturation characteristic and the load characteristic.

e Activate closed-loop controlled operation down to zero speed via parameter p1750.5 = 1.
The following advantages are obtained by maintaining closed-loop controlled operation:

® No torque irregularities as a result of changeover operations in the closed-loop control
structure

® Closed-loop speed and torque control without encoder (sensorless) up to and including 0
Hz.

® Higher dynamic performance when compared to open-loop controlled operation

® Encoderless operation of drive line-ups (e.g. in the paper industry, master-slave
operation) is possible.

® Active (including hanging/suspended) loads down to zero frequency.

Note
Motor reactor, sine-wave filter, dv/dt filter

The process cannot be used with the present motor reactors, sine-wave filters and dv/dt
filters.

Drive functions
Function Manual, 11/2017, 6SL3097-4AB00-0BP5 217



Vector control/

5.2 Vector control without encoder (SLVC)

Function diagrams (see SINAMICS S120/S150 List Manual)

6030
6730
6731
6792

Vector control - Speed setpoint, droop

Vector control - Interface to Motor Module (ASM, p0300 = 1)
Vector control - interface to the Motor Module (PMSM, p0300 = 2)
Vector control - Interface to the Motor Module (RESM, p0300 = 6)

Overview of important parameters (see SINAMICS S120/S150 List Manual)
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p03050..

r0331]0.
p0500

p1300[0..
p1574[0..
p1610[0..
p1611[0..
p1750[0..
p1755[0..

p1756

p17580..
p1802[0..
p1803[0..

.n]

..n]

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

.n]

.n]
.n]

.n]

Rated motor current

Actual motor magnetizing current / short-circuit current

Technology application

Open-loop/closed-loop control operating mode

Dynamic voltage reserve

Torque setpoint static (without encoder)

Supplementary acceleration torque (without encoder)

Motor model configuration

Motor model changeover speed encoderless operation

Motor model changeover speed encoderless operation

Motor model changeover delay time, closed/open-loop control

Modulator mode

Maximum modulation depth
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5.3

5.3 Vector control with encoder

Vector control with encoder

Benefits of vector control with an encoder

® The speed can be controlled right down to 0 Hz (standstill)
e Constant torque in the rated speed range

e Compared with speed control without an encoder, the dynamic response of drives with an
encoder is significantly better because the speed is measured directly and integrated in
the model created for the current components.

® Higher speed accuracy

Motor model change

Drive functions

A model change takes place between the current model and the observer model within the
speed range p1752 - (100 % - p1753) and p1752. In the current model range (i.e at lower
speeds), torque accuracy depends on whether thermal tracking of the rotor resistance is
carried out correctly. In the observer-model range and at speeds of less than approx. 20% of
the rated speed, torque accuracy depends primarily on whether thermal tracking of the stator
resistance is carried out correctly. If the resistance of the supply cable is greater than 20 ...
30% of the total resistance, this should be entered in p0352 before motor data identification
is carried out (p1900/p1910).

To deactivate thermal adaptation, set p0620 = 0. This may be necessary if adaptation cannot
function accurately enough.
Causes for inaccuracies:

® A sensor is not used for the temperature measurement and the ambient temperatures
vary greatly.

® The overtemperatures of the motor (p0626 to p0628) deviate greatly from the default
settings due to the motor design.
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5.4

5.4.1

Speed controller

Speed controller

Both closed-loop control procedures with and without an encoder (VC, SLVC) have the same
speed controller structure which contains the following components:

e Pl controller
® Speed controller precontrol
e Droop

The total of the output variables result in the torque setpoint which is reduced to the
permissible magnitude by means of the torque setpoint limitation.

Function of the speed controller

220

The speed controller receives its setpoint (r0062) from the setpoint channel and its actual
value (r0063) either directly from the speed sensor (control with sensor (VC)) or indirectly via
the motor model (control without sensor (SLVC)). The system deviation is increased by the
PI controller and, in conjunction with the precontrol, results in the torque setpoint.

When the load torque increases, the speed setpoint is reduced proportionately when droop
is active, which means that the single drive within a group (two or more mechanically
connected motors) is relieved when the torque becomes too large.

Applied

. r1508
static 1482

Pre-
control

Speed
control

vy

] r1538
/ | Speed r1547[0] r0079
Speed setpoint e _ controller - ~ i - L 5
= -/ /"T'\ Torque
r0063 EUR setpoint
r1547[1] r1539
Actual speed value » / ‘
T; Kp Th
*) Ac1ti‘\1/g6onlyé when the precontrol has been activated SLVC: p1452 p1470 p1472
>
p ) VC: p1442 p1460 p1462
Figure 5-6  Speed controller

The optimum speed controller setting can be determined via the automatic speed controller
tuning function (p1900 = 1, rotating measurement).
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5.4 Speed controller

If the moment of inertia has been specified, the speed controller (Kp, Tn) can be calculated by
means of automatic parameterization (p0340 = 4). The controller parameters are defined in
accordance with the symmetrical optimum as follows:

Tn =4 - Ts
Kp=0.5-10345/Ts=2-r0345/ Tn
Ts = total of the short delay times (contains p1442 and p1452)

If vibration develops with these settings, reduce speed controller gain Kp manually. Actual
speed smoothing can also be increased (standard procedure for gearless or high-frequency
torsional vibration) and the controller calculation performed again because this value is also
used to calculate Ky and Th.

The following relationships apply for tuning:

e |f Kpis increased, the controller becomes faster and overshoot is decreased. However,
signal ripples and oscillations in the speed control loop will increase.

e [f Tnis reduced, the controller also becomes faster. However, this increases the
overshoot.

When setting the speed control manually, you are advised to define the possible dynamic
response via Kp (and actual speed value smoothing) first, so that the integral time can
subsequently be reduced as much as possible. Please note that the closed-loop control must
also remain stable in the field-weakening range.

To suppress any vibrations that occur in the speed controller, it is usually only necessary to
increase the smoothing time in p1452 for operation with an encoder or p1442 for operation
without an encoder or reduce the controller gain.

The integral output of the speed controller can be monitored via r1482 and the limited
controller output via r1508 (torque setpoint).

Note

In comparison with speed control with an encoder, the dynamic response of drives without
an encoder is significantly reduced. The actual speed is derived by means of a model
calculation from the converter output variables for current and voltage that have a
corresponding interference level. To this end, the actual speed must be adjusted by means
of filter algorithms in the software.

Function Manual, 11/2017, 6SL3097-4AB00-0BP5 221



Vector control/

5.4 Speed controller

Speed controller response when a brake is opened

After a motor has been a magnetized, "Open brake" is controlled. The value that the BICO
input delivers defines the speed controller response:

e BICO input p1475 (torque setting value for the motor holding brake) supplies a value of 0:

— The speed controller | component is immediately enabled; this means that the system
can respond to a slipping load and establish a holding torque.

— Depending on the parameter assignment, the speed setpoint remains inhibited until
the brake opening time has elapsed (p1275.6 = 0) - or until the brake feedback signal
is received (p1275.6 = 1).

e BICO input p1475 (torque setting value for the motor holding brake) supplies a value * 0:

— The speed controller | component is held at the specified setting value until the "Brake
open" feedback signal is received.

— Only then are the speed controller | component and the speed setpoint enabled.

Function diagrams (see SINAMICS S120/S150 List Manual)

e 6040 Vector control - Speed controller with/without encoder

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

e 10062 CO: Speed setpoint after filter

e r0063[0...2] CO: Actual speed value

e p0340[0...n] Automatic calculation of motor/control parameters

e r0345[0...n] Nominal motor starting time

e p1442[0...n] Speed controller actual speed value smoothing time

e p1452[0...n] Speed controller actual speed value smoothing time (without encoder)
e p1460[0...n] Speed controller P gain adaptation speed, lower

e p1462[0...n] Speed controller integral time adaptation speed, lower

e p1470[0...n] Speed controller encoderless operation P gain

e p1472[0...n] Speed controller sensorless operation integral time

e p1475[0...n] Cl: Speed controller torque setting value for motor holding brake
e p1478[0...n] Cl: Speed controller integrator setting value

e 11482 CO: Speed controller | torque output

e 11508 CO: Torque setpoint before supplementary torque

e p1960 Rotating measurement selection
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5.4.2 Speed controller adaptation

Fundamentals

Adaptation signal

With the speed controller adaptation, any speed controller oscillation can be suppressed.

Speed-dependent Kp_n/Tn_n adaptation is active in the factory setting. The required values are
automatically calculated when commissioning and for the rotating measurement.

If, in spite of this, speed oscillations do occur, then in addition the Kp_» component can be
tuned using the free Ky_n adaptation. The free Kp_n adaptation is activated by connecting a
signal source at p1455. The factor calculated from this is multiplied by the Kp_» value of the
speed-dependent adaptation. The range of action of the free Kp_n adaptation is set using
parameters p1456 to p1459.

In addition using p1400.6 = 1, the Tn_» component of the speed-dependent adaptation can be
tuned. The Tn_n value of the speed-dependent adaptation is divided by the factor of the free
adaptation.

The Kp_n/Tn_n adaptation can be deactivated with p1400.5 = 0. As a consequence, the
dynamic reduction of the speed controller is deactivated.

p1400.6

p1459 T

\

!p1455 _ M «

referred to
P200x or p205x

Scaling

A

p1458  pl1456 pl1457

p1466

I Kp_n_adapt
0, | P-n_adap

p1470
TO

N
Speed-dependent <1 4' X l—
] l

Kp_n adaptation

|
| 1
: p1461 p1400.0
; 1464 >
Sensotrless P g Dynamic reduction 110, To the
vectorl Field weakening o’l/c > speed
cortl_ ro 01465 |_» only for sensorless 1 controller
ac I|ve vector control
l p1463
| | p1400.5
p1462 I
‘QQ\J\C Speed-dependent = 1
p1472 . Th_n adaptation : _0‘1\0_4| X <
o° Tn_n_adapt

Figure 5-7  Kp_n-/Tn_n adaptation
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Example of speed-dependent adaptation

Kp_n  Proportional gain
Tn_n Integral time

p1463 - p1462

Kp_n _]

with adaptation

without adaptation

@ Constant lower speed range (n < p1464)
® Adaptation range (p1464 < n < p1465)
® Constant upper speed range (n > p1465)

Figure 5-8  Speed controller-Kp_n/Tn_n adaptation

For operation without encoder, a higher value is in p1464 than in p1465. As a consequence,
the behavior is inverted: K, increases with increasing speed and Tr decreases.

Special case, encoderless operation in the field-weakening range

In encoderless operation, dynamic reduction for the field-weakening range can be activated
with p1400.0 = 1.

Kp/Th ~ flux setpoint
Ko/Tn decreases proportionally with the flux setpoint (minimum: Factor 0.25).

This dynamic reduction is activated to reduce the controller dynamic response in the field-
weakening range. Up to the field-weakening range, the higher controller dynamic of the
speed controller is kept.

Parameterization with STARTER

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

Function diagrams (see SINAMICS S120/S150 List Manual)

e 6050 Vector control - Speed controller adaptation (Kp_n-/Tn_n adaptation)

Drive functions
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5.4 Speed controller

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

Free Tn_n adaptation
p1455[0..

p1456[0..
p1457[0..
p1458[0..
p1459[0..
p1466[0..

p1400.0
p1400.5
p1400.6
p1470
p1472

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

.n]

Speed control configuration: Automatic Kp/Tn adaptation active
Speed control configuration: Kp/Tn adaptation active

Speed control configuration: Free Tn adaptation active

Speed controller encoderless operation P gain

Speed controller sensorless operation integral time

Cl: Speed controller P gain adaptation signal

Speed controller P gain adaptation lower starting point
Speed controller P gain adaptation upper starting point
Lower adaptation factor

Upper adaptation factor

Cl: Speed controller P gain scaling

Speed-dependent Kp_n/Tn_n adaptation

p1460[0...
p1461[0...
p1462[0...
p1463[0...
p1464[0...
p1465[0...

Speed controller P gain adaptation speed, lower
Speed controller Kp adaptation speed, upper scaling
Speed controller integral time adaptation speed, lower
Speed controller Tn adaptation speed, upper scaling
Speed controller adaptation speed, lower

Speed controller adaptation speed, upper

Dynamic response reduction field weakening (SLVC only)

Drive functions
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5.4 Speed controller

54.3 Speed controller precontrol and reference model

Speed controller precontrol

The command behavior of the speed control loop can be improved by calculating the
acceleration torque from the speed setpoint and connecting it on the line side of the speed

controller. The torque setpoint "mv" is calculated as follows:

dn an

mv = p1496 - J - - = p1496 - p0341 - p0342 - ¢

This torque setpoint "mv" is applied to the current controller or the current controller is
precontrolled using adaptation elements directly as additive reference variable (enabled via

p1496).

The motor moment of inertia p0341 is calculated directly during commissioning or when the
entire set of parameters is calculated (p0340 = 1). The factor p0342 between the total
moment of inertia J and the motor moment of inertia must be determined manually or by
means of speed controller tuning. The acceleration is calculated from the speed difference

over the time "dn/dt".

Note

When speed controller tuning is carried out, the ratio between the total moment of inertia and
that of the motor (p0342) is determined and acceleration precontrol scaling (p1496) is set to

100%.
When p1400.2 = p1400.3 = 0, precontrol balancing is set automatically.

Droop
input e

Acceleration precontrol
p0341 p0342

==

r1515

A
) 4

Nk

A

K= Th
4299

Kp
p1496
t 14287 pi v
r1084 v v =) Pl - r1538
FOo r1547[0]

[f0079 >
, & i No—Hp Speed
_,C\ > : >0 _ | controller SR
Speed setpoint T T Torque
= gy set-
i r1547[1] r1539 point
Speed actual value K T Ko Ta
LTi SLVC: p1452 p1470 p1472
1) Only effective for p1400.2 = 1 VC: p1442 p1460 p1462

2) Only effective for p1400.2 = 0

Figure 5-9  Speed controller with precontrol

Drive functions
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5.4 Speed controller

If the speed controller has been correctly adjusted, it only has to compensate for disturbance
variables in its own control loop, which can be achieved by means of a relatively small
change to the correcting variables. Speed setpoint changes, on the other hand, are carried
out without involving the speed controller and are, therefore, performed more quickly.

The effect of the precontrol variable can be adapted according to the application via the
evaluation factor p1496. If p1496 = 100%, precontrol is calculated in accordance with the
motor and load moment of inertia (p0341, p0342). A balancing filter is used automatically to
prevent the speed controller from acting against the injected torque setpoint. The time
constant of the balancing filter corresponds to the equivalent delay time of the speed control
loop. Speed controller precontrol is correctly set (p1496 = 100%, calibration via p0342) when
the | component of the speed controller (r1482) does not change during a ramp-up or ramp-
down in the range n > 20 % - p0310. Thus, precontrol allows a new speed setpoint to be
approached without overshoot. (Requirement: Torque limiting does not switch in and the
moment of inertia remains constant.)

If the speed controller is precontrolled through injection, the speed setpoint (r0062) is
delayed with the same smoothing time (p1442 or p1452) as the actual value (r1445). This
ensures that no target/actual difference (r0064) occurs at the controller input during
acceleration, which would be attributable solely to the signal propagation time.

When speed precontrol is activated, the speed setpoint must be specified continuously or
without a higher interference level (avoids sudden torque changes). An appropriate signal
can be generated by smoothing the speed setpoint or activating the ramp-function generator
rounding p1130 — p1131.

The starting time r0345 (Tstart) is @ measure for the total moment of inertia J of the machine
and describes the time during which the unloaded drive can be accelerated with the rated
motor torque r0333 (Mmotrated) from standstill to the rated motor speed p0311 (Nmot,rated).

_ (2“ ) nMot, rated ) —
Starting_ J . (60 ’ MMot, rated ) - p0341 . p0342 .

_ (2m - p0311)
r0345=T (60 - 10333)

If these supplementary conditions are in line with the application, the starting time can be
used as the lowest value for the ramp-up or ramp-down time.

Note

The ramp-up and ramp-down times (p1120; p1121) of the ramp-function generator in the
setpoint channel should be set accordingly so that the motor speed can track the setpoint
during acceleration and braking. This ensures that speed controller precontrol is functioning
optimally.

The acceleration precontrol using a connector input (p1495) is activated by the parameter
settings p1400.2 = 1 and p1400.3 = 0. p1428 (dead time) and p1429 (time constant) can be
set for balancing purposes.

Drive functions
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5.4 Speed controller

Reference model

Reference model — precontrol

p1433 p1434
r1084 pliss
Y -
-0
VRS
Speed
setpoint

Actual speed value

Figure 5-10 Reference model

§

Applied [
static D
‘.
Kp Tn
I I r1515
Pl — r1538
Speed | r154710] 007
controller \ i - % i =
T T Torque
setpoint
r1547[1] r1539
Ti Kp Tn
SLVC: p1452 p1470 p1472
VC: p1442 p1460 p1462

The reference model is activated with p1400.3 = 1.

The reference model is used to emulate the speed control loop with a P speed controller.

The loop emulation can be set in p1433 to p1435. It is activated when p1437 is connected to

the output of model r1436.

The reference model delays the setpoint-actual deviation for the integral component of the
speed controller so that transient conditions can be suppressed.

The reference model can also be emulated externally and its output signal injected via

p1437.

228
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5.4 Speed controller

Function diagrams (see SINAMICS S120/S150 List Manual)

6031
6040

Vector control - Precontrol balancing reference/acceleration model

Vector control - Speed controller with/without encoder

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

Drive functions

p0311[0..
r0333[0...
p0341[0..
p0342[0..
r0345[0...
p1400[0..
p1428[0..
p1429[0..
p1496[0..
r1518]0..

Reference model
p1400]0..

p1433[0..
p1434[0..
p1435[0..

r1436

p1437[0..

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

.n]

A]

.n]
.n]
.n]

.n]

.n]

Rated motor speed

Rated motor torque

Motor moment of inertia

Ratio between the total and motor moment of inertia
Nominal motor starting time

Speed control configuration

Speed precontrol balancing dead time

Speed precontrol balancing time constant
Acceleration precontrol scaling

CO: Acceleration torque

Speed control configuration

Speed controller reference model natural frequency

Speed controller reference model damping

Speed controller reference model dead time

CO: Speed controller reference model speed setpoint output

Cl: Speed controller reference model | component input
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5.5 Droop

5.5

Applied static

1 I s A V—

Droop

Droop (enabled via p1492) ensures that the speed setpoint is reduced proportionally as the
load torque increases.

p1488
p1489 jr 0
@ | o ]
/]

p1492

______ /? o2 r1482

Speed setpoint

) 4

Pre-

control Kp Tn

r1084

Pl 0079
\i/ / r1547[0] r1538

Speed

controller \i/ >

r1087 A ~ ? % ’ ? o Torque

=T 4

A4 r1547[1] r1539
setpoint
> /
Actual speed value

Ti Kp Tn
SLVC: p1452 p1470 p1472
VC: p1442 p1460 p1462

@ Active only when the precontrol has been activated (p1496 > 0)
@ Active only for SLVC

Figure 5-11  Speed controller with droop

230

The droop has a torque limiting effect on a drive that is mechanically coupled to a different
speed (e.g. guide roller on a goods train). In connection with the torque setpoint of a leading
speed-controlled drive, a very effective load distribution can also be implemented. With the
appropriate setting (in contrast to torque control or load distribution with overload and
limitation), this load distribution controls even a smooth mechanical coupling or the case of
slipping.

This method is only suitable to a limited extent for drives that are accelerated and braked
with significant changes in speed.

The droop feedback is used, for example, in applications in which two or more motors are
connected mechanically or operate with a common shaft and fulfill the above requirements. It
limits the torque differences that can occur as a result of the mechanical coupling by

appropriately modifying the speeds of the individual motors. The drive is relieved when the
torque is too large.

Drive functions
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Requirements

5.5 Droop

® All coupled drives must be operated in vector control and closed-loop speed control, with
or without an encoder.

® Only a single common ramp-function generator may be used for mechanically coupled

drives.

Function diagrams (see SINAMICS S120/S150 List Manual)

e 6030 Vector control - Speed setpoint, droop

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

e 10079
o 11482
e p1488[0...n]
e p1489[0...n]
e 1490
e p1492[0...n]
e 1508

Drive functions

CO: Torque setpoint

CO: Speed controller | torque output
Droop input source

Droop feedback scaling

CO: Droop feedback speed reduction
Bl: Droop feedback enable

CO: Torque setpoint before supplementary torque
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5.6 Open actual speed value

5.6 Open actual speed value

Via the parameter p1440 (CI: Speed controller actual speed value) is the signal source for
the actual speed value of the speed controller. In the factory setting, the unsmoothed actual
speed value r0063[0] is the default signal source.

Via parameter p1440, for example, a filter can be switched into the actual value channel or
an external actual speed value can be fed in, according to the specific system requirements.

Parameter r1443 displays the actual speed value present at p1440.

Note

When feeding in an external actual speed value, ensure the monitoring functions continue to
be derived from the motor model.

Behavior for speed control with an encoder (p1300 = 21)

A motor encoder must always be available for the speed or position signal of the motor
model (e.g. evaluation via SMC, see p0400). The actual speed of the motor (r0061) and the
position information for synchronous motors still come from this motor encoder and are not
influenced by the setting in p1440.

Interconnection of p1440:
When interconnecting connector input p1440 with an external actual speed value, ensure the
speed scaling is the same (p2000).

The external speed signal should correspond to the average speed of the motor encoder
(r0061).

Behavior for speed control without an encoder (p1300 = 20)

Depending on the transmission path of the external speed signal, dead times will occur;
these dead times must be taken into account in the speed controller's parameter assignment
(p1470, p1472) and can lead to corresponding losses in the dynamic performance.

Signal transmission times must therefore be minimized.

p1750.2 = 1 should be set so that the speed controller is also able to work at standstill
(closed-loop controlled operation to zero frequency for passive loads). Otherwise, at low
speeds it switches over to speed-controlled operation, so that the speed controller is
switched off and the measured actual speed no longer has an influence.

Drive functions
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5.6 Open actual speed value

Monitoring of the speed deviation between motor model and external speed

The external actual speed (r1443) is compared with the actual speed of the motor model
(r2169). If the deviation is greater than the tolerance threshold set in p3236, after the switch-
off delay time set in p3238 expires, fault F07937 (Drive: Speed deviation motor model to
external speed) is generated and the drive switched-off corresponding to the set response
(factory setting: OFF2).

p3237[D]
n_act smooth msg T p3238[D](3.0)
. n_dev. Mod./

n_actn_ctrlinp _ 1 1 5 T ext in tolerance
§|Z > — = I * {r2199.7 )

60402] T 0
. F07937

p3236(D]

Figure 5-12  Monitoring "Speed deviation model / external in tolerance"

Function diagrams (see SINAMICS S120/S150 List Manual)

e 6040 Vector control - Speed controller with/without encoder

e 8012 Signals and monitoring function - Torque messages, motor locked/stalled

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

e r0063[0...2] CO: Actual speed value
e p1440[0...n] Cl: Speed controller actual speed value input
o 11443 CO: Actual speed value actual speed value on actual value input
e 12169 CO: Actual speed value smoothed messages
e 12199.7 CO/BO: Status word, monitoring 3
Speed deviation model / external in tolerance
e p3236[0...n] Speed threshold 7
e p3237[0...n] Hysteresis speed 7
e p3238[0...n] OFF delay n_act_motor_model = n_act_external

Drive functions
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5.7 Closed-loop forque contro/

5.7

234

Closed-loop torque control

With sensorless speed control SLVC (p1300 = 20) or speed control with sensor VC (p1300 =
21), a changeover can be made to torque control (slave drive) via BICO parameter p1501. A
changeover cannot be made between speed and torque control if torque control is selected
directly with p1300 = 22 or 23. The torque setpoint and/or supplementary setpoint can be
entered using BICO parameter p1503 (Cl: torque setpoint) or p1511 (CI: supplementary
torque setpoint). The supplementary torque is active both with torque and speed control.
This particular feature with the supplementary torque setpoint allows a precontrol torque to
be applied for speed control.

Note
For safety reasons, connecting to fixed torque setpoints is currently not possible.

Regenerative energy may accumulate, and this must be either fed back into the supply
system or converted into heat using a braking resistor.

$ 4
= . 1547[0 r1338
> / Speed . r1547(0] |
Speed setpoint - | controller Q\’_ \}_,
_, o T ) T
A Torque
R / r1547[1] r1539  get-
Speed actual value point

M_set

0

p1300 = My
—>

1= M_ctrl active >1
[2520.7] [r7406.12_) 14072 )
M_suppl 1 r1515
ES

© [X} »() .

b 4

M—SUpFéI scal 1 M_suppl scal 2
-2000%...2000%

) p1514[D] (100.0%)
M_suppl 2
I

(0) » X

Figure 5-13  Closed-loop speed/torque control

The total of the two torque setpoints is limited in the same way as the speed control torque
setpoint. Above the maximum speed (p1082), a speed limiting controller reduces the torque
limits in order to prevent the drive from accelerating any further.

A "real" torque control (with self-adjusting speed) is only possible in closed-loop but not
open-loop control for sensorless vector control (SLVC).

In open-loop control, the torque setpoint adjusts the setpoint speed via a ramp-function
generator (integration time ~ p1499 - p0341 - p0342). For this reason, encoderless torque
control at standstill is only suitable for applications that require an acceleration torque but no
load torque (e.g. traction drives). This restriction does not apply to torque control with sensor.

Drive functions
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OFF responses

5.7 Closed-loop forque contro/

e OFF1 and p1300 = 22, 23

Response as for OFF2

e OFF1, p1501 = "1" signal and p1300 # 22, 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

Drive functions

Switch to speed-controlled operation

n_set = 0 is 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.

Function Manual, 11/2017, 6SL3097-4AB00-0BP5 235



Vector control/

5.7 Closed-loop forque contro/

Function diagrams (see SINAMICS S120/S150 List Manual)

e 6060

Vector control - Torque setpoint

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

e p03410..
e p03420..
e p1300]0..
e p14990..
e« p15010..
e p15030..
e p1511[0..
e p1512[0..
e p1513[0..
e p15140..

e r1515

236

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

.n]

Motor moment of inertia

Ratio between the total and motor moment of inertia
Open-loop/closed-loop control operating mode
Accelerating for torque control, scaling

Bl: Change over between closed-loop speed/torque control
Cl: Torque setpoint

Cl: Supplementary torque 1

Cl: Supplementary torque 1 scaling

Cl: Supplementary torque 2

Supplementary torque 2 scaling

Supplementary torque total

Drive functions
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5.8 Torque limiting

5.8 Torque limiting

Description

The torque limiting value specifies the maximum permissible torque. Different limits can be
parameterized for motoring and generating operation.

p152 ) 152
520 Torque [1526 g
1521 limits r1527 S Min 1538
r1407.8
p0640,| Current limit g ~—
L) P\
| [r1407.9)
1539
‘L>1530 Power Max 1=
1531 limits >

Figure 5-14  Torque limit

® p0640[0...n] Current limit

® p1520[0...n] CO: Torque limit, upper/motoring

® p1521[0...n] CO: Torque limit, lower/regenerative

® p1522[0...n] CI: Torque limit, upper/motoring

® p1523[0...n] CI: Torque limit, lower/regenerative

® p1524[0...n] CO: Torque limit, upper/motoring, scaling

® p1525[0...n] CO: Torque limit, lower/regenerative scaling
e p1530[0...n] Motor mode power limit

® p1531[0...n] Regenerative mode power limit

The currently active torque limit values are displayed in the following parameters:
® 0067 CO: Output current maximum

® 11526 Torque limit, upper/motoring without offset

® 1527 Torque limit, lower/regenerative without offset

All of the following limits apply to the torque setpoint, which is present either at the speed
controller output in the case of speed control, or at the torque input in the case of torque
control. The minimum/maximum value of the different limits is used in each case. This
minimum/maximum is cyclically calculated and displayed in the following parameters:

® 11538 CO: Upper effective torque limit

® 11539 CO: Lower effective torque limit

Drive functions
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These cyclic values therefore limit the torque setpoint at the speed controller output / torque
input or indicate the instantaneous maximum possible torque. If the torque setpoint is limited
in the Motor Module, this is indicated via the following diagnostic parameters:

e r1407.8 CO:/BO: Status word speed controller: Upper torque limit active

e r1407.9 CO:/BO: Status word speed controller: Lower torque limit active

Function diagrams (see SINAMICS S120/S150 List Manual)

e 6060 Vector control - Torque setpoint
e 6630 Vector control - Upper/lower torque limit
e 6640 Vector control - Current/power/torque limits
Drive functions
238
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5.9 Vdc control

The "Vdc control" function can be activated using the appropriate measures if an overvoltage
or undervoltage is present in the DC link.

e QOvervoltage in the DC link
— Typical cause

The drive is operating in regenerative mode and is supplying too much energy to the
DC link.

— Remedy

Reduce the regenerative torque to maintain the DC link voltage within permissible
limits. With the Vdc controller activated, the converter automatically partly extends the
ramp-down time of a drive if the shutdown supplies too much energy to the DC link.

e Undervoltage in the DC link
— Typical cause
Failure of the supply voltage or supply for the DC link.
— Remedy

Specify a regenerative torque for the rotating drive to compensate the existing losses,
thereby stabilizing the voltage in the DC link (kinetic buffering).

Note

During operation of the Braking Module, the following must be observed:
¢ You must set the threshold of the Braking Module below the V4c_max threshold.
e You must switch off the Vdc_max controller.

Properties
® Vg control

— This comprises Vdc_max control and Vac_min control (kinetic buffering), which are
independent of each other.

— Joint PI controller. The dynamic factor is used to set Vac_min and Vac_max control
independently of each other.

® Ve max control

— This function can be used to control momentary regenerative load without shutdown
using "overvoltage in the DC link".

— Vdc_max control is only recommended with a supply without active closed-loop control
for the DC link and without feedback.

® \/4c_min control (kinetic buffering)

— With this function, the kinetic energy of the motor is used for buffering the DC link
voltage in the event of a momentary power failure, thereby delaying the drive.

Drive functions
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Vdc_min control

240
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Figure 5-15  Switching Vac_min control on/off (kinetic buffering)

In the event of a power failure, Vac_min is activated when the Vac_min switch-on level is
undershot. This controls the DC link voltage and maintains it at a constant level. The motor
speed is reduced.

When the power supply is restored, the DC link voltage increases again and Vgc_min control is
deactivated again at 5% above the Vqc_min switch-on level. The motor continues operating
normally.

If the power supply is not re-established, the motor speed continues to drop. When the
threshold in p1257 is reached, this results in a response in accordance with p1256.

Once the time threshold (p1255) has elapsed without the line voltage being re-established, a
fault is triggered (F07406), which can be parameterized as required (factory setting: OFF3).

The Vac_min controller can be activated for a drive. Other drives can participate in supporting
the DC link, by transferring to them a scaling of their speed setpoint from the controlling drive
via BICO interconnection.

Note

If it is expected that the line supply will return, you must make sure that the drive lineup is not
disconnected from the line supply. It could become disconnected, for example, if the line
contactor drops out. The line contactor must be supplied, e.g. from an uninterruptible power
supply (UPS).
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Vdc_max control
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Figure 5-16  Switching the Vdc_max control on/off

The switch-on level for Vac_max-control (r1242) is calculated as follows:

e When the function for automatically detecting the switch-on level is switched off (p1254 =
0)
r1242 = 1.15 x p0210 (device connection voltage, DC link)

e When the function for automatically detecting the switch-on level is switched on (p1254 =
1)
r1242 = Vyc_max - 50 V (Vac_max: Overvoltage threshold of the Motor 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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5.9 Vdc conftrol/

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

/\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.

Drive functions
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5.9 Vdc conftrol/

Function diagrams (see SINAMICS S120/S150 List Manual)

e 6220

Vector control - Vdc_max controller and Vdc_min controller

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

e p1240[0..

o 11242

e p1243[0..
e p1245[0..

e 11246

e p1247(0..
e« p1250]0..
e p12510..
e p12520..

e p1254

e p1256[0..
e p1257[0..

e 11258

Drive functions
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.n]

.n]

.n]

.n]
.n]
.n]

.n]

.n]

.n]

Vdc controller or Vdc monitoring configuration
Vdc_min controller switch-on level

Vdc_max controller dynamic factor

Vdc_min controller switch-on level (kinetic buffering)
Vdc_min controller switch-on level (kinetic buffering)
Vdc_min controller dynamic factor (kinetic buffering)
Vdc controller proportional gain

Vdc controller integral time

Vdc controller rate time

Vdc_max controller automatic ON level detection
Vdc_min controller response (kinetic buffering)
Vdc_min controller speed threshold

CO: Vdc controller output
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5.10 Current setpoint filter

You can parameterize the two current setpoint filters 1 and 2 connected in series as follows:
® 2nd order lowpass (PT2: -40 dB/decade)

® Bandstop

® | ow-pass with reduction

® General filter 2nd order

Bandstop and low-pass with reduction are converted into the parameters of the general 2nd
order filter via the STARTER commissioning tool. The phase frequency curve is shown
alongside the amplitude log frequency curve. A phase shift results in a control system delay
and should be kept to a minimum.

You activate the current setpoint filters with p1656[0...n].0 = 1 and p1656[0...n].1 = 1. You
set the current setpoint parameters with p1657 to p1666.

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. Only with parameter setting
p1699 = 0, is the calculation performed.

Examples for the current setpoint filter can be found in the description of the servo control in
Section "Current setpoint filter (Page 103)".

Function diagrams (see SINAMICS S120/S150 List Manual)

e 6710 Vector control - Current setpoint filter

Drive functions
244 Function Manual, 11/2017, 6SL3097-4AB00-0BP5



Vector control/

5. 10 Current setpoint filter

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

e p1655[0..

e p1656]0..
e« p1657]0..
« p16580..
e p16590..
« p1660]0..
e p16610..
e p16620..
e« p1663[0..
e« p16640..
e« p16650..
« p1666]0..

e p1699

Drive functions
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4]

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

.n]

ClI: Current setpoint filter / actual speed value filter natural frequency
tuning

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 type

Current setpoint filter 2 denominator natural frequency
Current setpoint filter 2 denominator damping

Current setpoint filter 2 numerator natural frequency
Current setpoint filter 2 numerator damping

Filter data acceptance

245



Vector control/

5.11 Speed actual value filter

5.11

Speed actual value filter

For vector control, an actual speed value filter can be set. You can parameterize the actual
speed value filter as follows:

® 2nd order lowpass (PT2: -40 dB/decade)
® General filter 2nd order

You activate the actual speed value filter with p1656.4 = 1. You set the speed actual value
filter parameters with p1677 to p1681.

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. Only with parameter setting
p1699 = 0, is the calculation performed.

Note

For the vector control, there are two current setpoint filters and one actual speed value filter.
The actual speed value filter has been allocated the number "5".

Function diagrams (see SINAMICS S120/S150 List Manual)

e 4702 Encoder evaluation - vector control, overview

o 4715 Encoder evaluation - speed actual value and pole position sensing, encod-
er1, n_act_filter5

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

246

e p1655[0...4] Cl: Current setpoint filter / actual speed value filter natural frequency
tuning

e p1656[0...n] Current setpoint filter / actual speed value filter activation

e p1677[0...n] Actual speed value filter 5 type

e p1678[0...n] Actual speed value filter 5 denominator natural frequency

e p1679[0...n] Actual speed value filter 5 denominator damping

e p1680[0...n] Actual speed value filter 5 numerator natural frequency

e p1681[0...n] Actual speed value filter 5 numerator damping

e p1699 Filter data acceptance

Drive functions
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5.12 Current controller adaptation

5. 12 Current controller adaptation

Current controller adaptation can be used to adapt the P gain of the current controller and
the dynamic precontrol of the Iq current controller depending on the current. The current
controller adaptation is directly activated with setting p1402.2 = 1 or deactivated with
p1402.2 = 0. It is automatically activated with p1959.5 (p1959.5 = 1) or deactivated (p1959.5

= 0).
Kp A
p1715 Iq
I
p1715 - p0393 | ——————=
| I .
p0391 p0392 Iq

Kp Proportional gain
torque-generating current

Figure 5-17  Current controller adaptation for p0393 < 1, with p0391 < p0392

When swapping the Iq interpolation points (e.g. for ASM), the current controller adaptation

appears as follows:

Kp A
p1715 - p0393 |

pI715 = ——— ===

Kp Proportional gain
Ig Torque-generating current

Figure 5-18  Current controller adaptation with swapped Iq interpolation points for p0393 > 1, with

p0392 < p0391

Function diagrams (see SINAMICS S120/S150 List Manual)

e 6714 Vector control - Ig and Id controller

Drive functions
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5. 12 Current controller adaptation

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

248

p0391[0..
p0392[0..
p0393[0..
p1402[0..

p1703

p1715[0..
p1717[0..
p1959[0..

.n]
.n]
.n]

.n]

.n]
.n]

.n]

Current controller adaptation, starting point KP

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

Current control and motor model configuration

Isq current controller precontrol scaling

Current controller P gain

Current controller integral time

Rotating measurement configuration

Drive functions
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5. 13 Moftor data identification and rotating measurement

5.13 Motor data identification and rotating measurement

5131 Overview

There are two motor data identification options which are based on each other;

Motor data identification (Page 251) with p1910 (standstill measurement)

For measurement of the motor equivalent circuit diagram parameters (obligatory for
operation with vector control).

Rotating measurement (Page 254) with p1960

To improve the torque accuracy and to optimize the speed control. This should be
performed only after a motor data identification.

Note

If there is a motor brake, it must be open for the rotating measurement (p1215 = 2).

For synchronous motors, the motor brake must also be open for the standstill measurement
so that the motor can orient itself.

The two motor data identifications can be selected more easily via p1900.

p1900 =2
Activates the standstill measurement (motor not rotating).
p1900 =1

Additionally activates the rotating measurement. p1910 is set to = 1, and p1960 is set
depending on the actual control mode (p1300).
The rotating measurement can also be activated subsequently using p1900 = 3.

If a synchronous motor is being used (p0300 = 2), then with p1900 > 0, the encoder
adjustment (p1990 = 1) is automatically activated. The procedure used can be set in p1980.

For the selection p1900 = 1, 3, the parameter p1960 is set depending on p1300:

Drive functions

p1960 = 1, when p1300 = 20 or 22 (without encoder)
p1960 = 2, when p1300 = 21 or 23 (with encoder)
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250

The measurements, parameterized using p1900 are started in the following sequence after
the drive has been enabled:

Measurements and After successful measurement:

conclusion

Standstill measurement | Pulse inhibit activated and parameter is set to "0": p1910 =0
Encoder adjustment Pulse inhibit activated and parameter is set to "0": p1990 = 0

Rotating measurement | Pulse inhibit activated and parameter is set to "0™: p1960 = 0

Successful completion | Pulse inhibit activated and parameter is set to "0": p1900 = 0

Note

To set the new controller setting permanently, the data must be saved in a non-volatile
memory.

The measurement progress can be tracked using r0047.

Completion of the individual motor data identification runs can be read via parameters r3925
to r3928.

The motor data identification runs influence only the currently valid motor data set (MDS).

AWARNING

Unexpected motor motion during motor data identification

Motor movement caused by the motor data identification routine can result in death, severe
injury or material damage.

e Ensure that nobody is in the hazardous zone - and that the mechanical system can

freely move.

Drive functions
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5.13.2

Motor data identification

Motor data identification (p1900, p1910)

The motor data identification can be activated via p1900 = 2 or p1910 = 1. It is used to

Drive functions

determine the motor parameters (equivalent circuit diagram) at standstill.

5. 13 Moftor data identification and rotating measurement

For control engineering reasons, you are strongly advised to carry out motor data
identification because the equivalent circuit diagram data and motor cable resistance can
only be estimated if the data on the type plate is used. For this reason, the stator resistance
is a very important for the stability of sensorless vector control or for the voltage boost in the
V/f curve. Motor data identification is essential if long supply cables or third-party motors are
used. When motor data identification is started, the following data is determined with p1910
on the basis of the data on the rating plate:

Table 5- 2 Determined data

(p1828 ... p1830)

Determined data for p1910 = 1 Induction motor Permanent Synchronous
magnet reluctance motor
synchronous
motor

Rated magnetization current (p0320) X - -
Stator resistance (p0350) X X X
Rotor resistance (p0354) X - -
Stator leakage inductance (p0356) X X -
Stator inductance d axis (p0357) - X -

Rotor leakage inductance (p0358) X - -
Magnetizing inductance (p0360) X - -

Drive converter valve threshold voltage X X X
(p1825)

Converter valve interlocking times X X X

Since the rating plate data contains the initialization values for identification, you must
ensure that it is entered correctly and consistently (taking into account the connection type

(star/delta)) so that the above data can be determined.

It is advisable to enter the motor supply cable resistance (p0352) before the standstill
measurement (p1910) is performed, so that it can be subtracted from the total measured

resistance when the stator resistance is calculated (p0350).

Entering the cable resistance improves the accuracy of thermal resistance adaptation,
particularly when long supply cables are used. This governs behavior at low speeds,
particularly during encoderless vector control.

For p1909.20 = 1 (and p0352 = 0), the supply cable resistance is set from the difference of
the measured value and the default value of the automatic parameterization or the value of
the data set for list motors. The supply cable resistance then normally no needs to be

entered.

Function Manual, 11/2017, 6SL3097-4AB00-0BP5
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Separately excited induction motors

Cables and
Motor Module | L ' Motor
series inductance I
01825 p1g2s | .
T T | p0352[M]  p0353[M] | p0350[M] p0356[M] p0358[M]  p0354[M]
i |
i Rcable Lseries | Rs Los LR RR
| |
—| N i - c o | p0360[M] Ly
cable .
) |
| |
7 : -

Figure 5-19  Equivalent circuit diagram for induction motor and cable

If an output filter (see p0230) or series inductance (p0353) is used, the data for this must
also be entered before the standstill measurement is carried out.

The inductance value is then subtracted from the total measured value of the leakage. With
sine-wave filters, only the stator resistance, valve threshold voltage, and valve interlocking
time are measured.

Note

With diffusion of more than 35% to 40% of the motor nominal impedance, the dynamic
response of the speed and current control is restricted to the area of the voltage limit and to
field weakening mode.

Note

The standstill measurement must be carried out when the motor is cold. In p0625, enter the
estimated motor ambient temperature during the measurement (for PT1000 or KTY sensor:
Set p0600, p0601 and read r0035). This is the reference point for the thermal motor model
and thermal Rs/Rr adaptation.

The rated magnetization current and the magnetization characteristic should, if possible, be
determined during the rotating measurement (p1900 = 3) (without encoder: p1960 = 1; with
encoder: p1960 = 2). The magnetization characteristic can be used to calculate the field-
generating current in the field-weakening range more accurately, thereby increasing torque
accuracy.

Note

In comparison with standstill measurement (p1910) for induction motors, rotating
measurement (p1960) allows the rated magnetizing current and saturation characteristic to
be determined much more accurately.

Drive functions
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Flux
[%]
A

p0365
p0364
100 %

p0363

p0362

p0366 p0367 100 % p0368 p0369 Iu [%]

I, [A
| [%] = L _ . . L s
u 0331 Iy = magnetization characteristic curve

Figure 5-20 Magnetization characteristic

Note

To set the new controller setting permanently, the data must be saved in a non-volatile
memory.

Note

At the end of the motor data identification, all dependent control parameters are calculated
automatically (p0340 = 3)

Motor data identification procedure
1. Activate motor data identification with p1900 = 2 (or p1910 = 1).
Alarm A07991 is displayed.
2. Motor data identification starts the next time that the motor is switched on.
3. After a successful motor data identification, parameter p1900 (or p1910) is reset to "0".
If the identification was not successful, then instead, fault FO7990 is output.

4. Parameter r0047 indicates the actual status of the measurement or identification.

Measurement without automatic adaptation of the control parameters (p1909.17)

p1909.17 = 1 can be used, for example, to measure the motor parameters after a motor
replacement, without automatically adapting the control parameters via p0340.

Drive functions
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5.13.3

Rotating measurement

Rotating measurement (p1900, p1960)

254

"Rotating measurement" can be activated via p1960 or p1900 = 3. It should be performed
only after the motor data identification (p1910).

The rotating measurement contains a speed control tuning with which the drive's moment of
inertia is ascertained and the speed controller is set. In addition, the saturation characteristic
and rated magnetizing current of induction motors are measured and so make a significant
contribution to improving the torque accuracy.

If the rotating measurement is not to be carried out using the speed set in p1965, this
parameter can be changed before the measurement is started. Higher speeds are
recommended.

For induction motors, a similar approach applies for the speed in p1961, at which the
saturation characteristic is determined and the encoder test is carried out.

The speed controller is set to the symmetrical optimum in accordance with dynamic factor
p1967. p1967 must be set before the tuning run and only affects the calculation of the
controller parameters.

If, during the measurement, it becomes clear that, with the specified dynamic factor, the
drive cannot operate in a stable manner or the torque ripples are too large, the dynamic
response is reduced automatically and the result displayed in r1968. The drive must then be
checked to ensure that it is stable across the entire control range. The dynamic response
might need to be reduced or the Kp_n/Tn_n adaptation for the speed controller
parameterized accordingly.

Note

If the dynamic response of the speed controller is reduced excessively because of load
oscillations, the oscillation test can also be deactivated (p1959.4 = 0).

When commissioning induction machines, you are advised to proceed as follows:

e Before connecting the load, a complete "rotating measurement” (p1900 = 3 or without
encoder: p1960 = 1; with encoder: p1960 = 2) should be carried out. Since the induction
machine is idling, you can expect highly accurate results for the saturation characteristic
and the rated magnetizing current.

e \When the load is connected, speed controller tuning should be repeated because the
total moment of inertia has changed. This is realized by selecting parameter p1960
(without encoder: p1960 = 3; with encoder: p1960 = 4).

The saturation characteristic recording is automatically deactivated in parameter p1959
during the speed tuning run.

When permanent-magnet synchronous motors are commissioned, the speed controller
should be tuned (p1900 = 3 or p1960 > 0) when the load is connected.

Drive functions
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Rotating measurement (p1960 > 0): Sequence

The following measurements are carried out when the enable signals are set and a switch-
on command is issued in accordance with the settings in p1959 and p1960.

® Encoder test

If a speed encoder is used, the direction of rotation and the pulse number are checked.
® |nduction motors only:

— Measurement of the saturation characteristic (p0362 to p0369)

— Measurement of the magnetizing current (p0320) and determination of the offset
voltage of the converter for offset compensation

— Measurement of the saturation of the leakage inductance, for induction motors, and
setting of the current controller adaptation (p0391...p0393)

This measurement is automatically activated with 1LA1 and 1LA8 motors (p0300 = 11,
18) (see p1959.5).

® Speed controller tuning
— p1470 and p1472, when p1960 = 1 (operation without encoder)
— p1460 and p1462, when p1960 = 2 (operation with encoder)
— Setting the Kp adaptation

® Acceleration precontrol setting (p1496, p1517)

e Setting for ratio between the total moment of inertia and that of the motor (p0342)

Note

To set the new controller setting permanently, the data must be saved in a non-volatile
memory.

AWARNING

Unexpected motor motion during motor data identification

Motor movement caused when optimizing the speed controller can result in death, severe
injury or material damage.

e Ensure that nobody is in the hazardous zone - and that the mechanical system can
freely move.

Note

If speed controller tuning is used for operation with encoder, then the closed-loop control
operating mode is automatically changed over to closed-loop speed control without encoder,
so that the encoder test can be carried out.

Drive functions
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5.13.4 Shortened rotating measurement

A normal rotating measurement cannot always be performed when a load is connected.
When switching the motor on for the first time, a short measurement of the moment of inertia
and the measurement of the magnetizing current and the saturation characteristic can be
performed with a simplified measuring procedure. The following settings are possible:

® Measurement shortened (p1959.12 = 1)
e After measurement: Direct transition to operation (p1959.13 = 1)

During the rotating measurement, the drive is not run up to the rated speed, but up to the
value in p1965 related to the rated speed (p0310). In the factory setting, this is 40 %.
Parameter p1965 can be adapted to the operational requirements, but must be large enough
so that the machine can safely leave the open-loop controlled mode. The machine should
still be operated as far as possible in no-load operation (torque < 30 % Mrated).

During the rotating measurement, the saving of parameters is blocked because automatic
parameter adjustments made for the measurement are withdrawn again after the
measurement.

Measurement shortened (p1959.12 = 1)

If you have set bit 12 in parameter p1959, a shortened rotating measurement is performed
with reduced accuracy for the measurement of the moment of inertia. In this case, the
magnetizing current is measured only once instead of twice. The measurement of the
acceleration processes and the vibration test are not used at all.

After the end of the measurement, the drive is shut down and all the parameters modified for
performing the measurement are reset to their original values.

p1959.12 does not have any effect on p1960 = 3, 4.

After measurement: Direct transition to operation (p1959.13 = 1)

In this case, the drive is not stopped at the end, but run up directly with the acceleration
ramp up to the desired speed setpoint.

Do not change controller parameters during the measurement (p1959.11 = 1)

During rotating measurement, the drive automatically changes its speed controller
parameters during ramp-up. This is also performed when bits 3 (recalculate speed controller
parameters) and 4 (speed controller tuning) are not set. On many plants, the decoupling of
the drives requires a lot of work. The loads have high moments of inertia. The controller
parameters set by the drive do not always correspond to the drive application and may
therefore potentially cause damage to the mechanical system.

If you have set bit 11 in parameter p1959, the recalculation of the speed controller
parameters is prevented.

Drive functions
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5. 13 Moftor data identification and rotating measurement

5.13.5 Overview of important parameters

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

o 10047 Motor data identification routine and speed controller optimization
e p0340[0...n] Automatic calculation of motor/control parameters

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

e p1900 Motor data identification and rotating measurement

e p1901 Test pulse evaluation configuration

e 11902 Test pulse evaluation status

e 13925[0...n] Identification complete indicator

e r3927[0...n] Motor data identification induction motor data determined
e 13928[0...n] Rotating measurement configuration

Motor data identification at standstill

e p1909[0...n] Motor data identification, control word

e p1910 Motor data identification selection

Rotating measurement

e p0391[0...n] Current controller adaptation, starting point Kp

e p0392[0...n] Current controller adaptation, starting point Kp adapted

e p0393[0...n] Current controller adaptation P gain scaling

e p1959[0...n] Rotating measurement configuration

e p1960 Rotating measurement selection

e p1961 Saturation characteristic speed to determine

e p1965 Speed_ctrl_opt speed

e p1967 Speed_ctrl_opt dynamic response factor

e 11968 Speed_ctrl_opt current dynamic response factor

e r1973 Rotating measurement encoder test pulse number determined
e p1980[0...n] PollD procedure

e p1990 Encoder adjustment, determine commutation angle offset

Drive functions
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5.14 Pole position identification

For synchronous motors and synchronous reluctance motors, the pole position identification
determines its electrical pole position that is required for the field-oriented control. When
operated with one encoder, which is not adjusted to the pole position, then the identification
is used to calibrate and align the encoder.

5.14.1 Operation without an encoder

In encoderless operation, select the pole position identification using parameter p1780.6.
You must identify the pole position each time that you switch on the motor to operate it
without an encoder.

You set the technique that is suitable for the motor using parameter p1980 - and the current
using p0325 and p0329.

Note
Pole position identification is only possible at standstill

The shaft can move during pole position identification.

The pole position identification is used during the motor data identification to determine the
motor data. Faults FO7968 or FO7969 can occur during the motor data identification.

5.14.2 Operation with encoder

For operation with one encoder, which does not provide an absolute pole position (e.g. an
incremental encoder with zero mark), the encoder must be adjusted and the pole position
identified. The pole position identification is used for this purpose.

For encoders without position information (e.g. incremental encoders without zero mark),
pole position identification must be carried out each time that the motor is switched on. If the
position information is available, then pole position identification is only carried out once
when switching-on for the first time after the power returns.

Sequence: The encoder is adjusted once (commutation angle offset determined)
Precondition: The motor must be able to freely rotate.

1. After exiting commissioning, for encoders where the adjustment is possible, the
commutation angle offset is automatically activated (p1990 = 1).
Alarm A07971 is output.

2. The commutation angle is determined when the drive is switched-on for the first time. The
shaft is slowly turned to do this. Alarm A07975 is output.

3. After the commutation angle has been determined, the drive automatically switches-off
and writes the commutation angle (p0431).
Alarm A07971 disappears.

Drive functions
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Note

For encoders, which provide an absolute position (r0404.1 = 1), determining the
commutation angle offset can be deactivated (p1990 = 0).

Pole position identification is only possible at standstill.

If the control mode is only changed over to operation with encoder (p1300 = 21) after the
automatic calculation (p3900 = 3 or p0340 = 3), then pole position identification must be
manually set (p1982 = 1); this assumes that an encoder that requires pole position
identification has been selected (e.g. an incremental encoder with zero mark). This is
indicated by fault FO7551.

Pole position correction when rotating (fine encoder calibration)

Drive functions

The accuracy of the determined commutation angle offset (p0431) can be increased using
the encoder fine calibration. The motor must be able to be rotated without any load to do
this.
Fine calibration procedure:
1. Activate the encoder fine calibration (p1905 = 90).

Alarm A07976 with alarm value 1 is displayed.
2. Set the pulse enable and accelerate the motor (n > 40% rated speed)

3. Wait for the end of the measurement (alarm A07976 with alarm value 4, takes
approximately 1 minute) and then switch off the drive.

The measurement is restarted if, during the measurement, an excessively low current
flows (alarm A07976 with alarm value 12) - or if the speed is too low (alarm A07976 with
alarm value 10), then the measurement is restarted.

4. After the pulse inhibit, the value is calculated and saved to parameter p0431 - assuming
that it had been successfully completed (alarm A07976 with alarm value 5).
0 is automatically written to p1905, and alarm A07976 disappears.
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Pole position correction with zero mark

When switching on for the first time, the pole position identification roughly synchronizes the
encoder angle to the pole position. After passing the zero mark, this coarse synchronization
is aligned assuming that the encoder supports commutation with zero mark (r0404.15 = 1).
The commutation angle must be available to do this (p0431). In order to utilize fine
synchronization for synchronous reluctance motors, the encoder must support commutation
with 180° (r0459.23 = 1).

Note

If an encoder with zero mark is used, then the converter can switch to a rotating motor as
soon as a valid zero mark position is available.

For synchronous reluctance motors, also when switching on the first time after the power
returns, the converter can be switched to a rotating motor - assuming that the "Flying restart"
function has been activated (p1200 = 1).

Replacing an encoder

If the encoder is replaced or retrofitted, the commutation angle offset must be determined
again (p1990 = 1), assuming that the encoder has position information (e.g. zero mark).

Checking the plausibility of the commutation angle

260

When using an absolute encoder, with the pole position identification, the plausibility of the
encoder commutation position can be checked (p1980 = 2). With this setting, each time that
the pulses are enabled, the encoder angle is checked. The determined angular difference
can be read out from parameter r1984. Fault F07413 is output if the deviation exceeds 45°.

If mechanical changes are carried out at the encoder, then using the encoder adjustment,
the commutation angle offset can be checked (p1990 = 2). The commutation angle offset is
determined, and the determined value is not accepted (p0431). Fault FO7413 is output if the
deviation exceeds 6°.

Drive functions
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5.14.3 Notes regarding pole position identification

A suitable technique for the motor is selected using parameter p1980. The following
techniques are available:

Voltage pulsing 1st harmonic (p1980 = 1)

Voltage pulsing 2-stage (p1980 = 4)

Voltage pulsing 2-stage inverse (p1980 = 6)
Voltage pulsing 2nd harmonic inverse (p1980 = 8)

Impressing DC current

All of these techniques are only possible at standstill. The fast pole position identification can
be selected if a faster switch-on is required (p1780.13 = 1).

Supplementary conditions

The following supplementary conditions apply for the pulsed techniques (p1980 = 1, 4, 6, 8):

This procedure can be used for both braked and non-braked motors.

The specified current magnitudes (p0325, p0329) must be sufficient to provide a
significant measuring result (p0325 is only used for p1980 = 4).

Technique p1980 = 4 is recommended if the air gap manifests significant asymmetry (e.g.
magnets are embedded in the rotor). Technique p1980 = 1 should be applied if the air
gap is constant.

Technique p1980 = 8 is recommended for synchronous reluctance motors.

Technique p1980 = 6 is used for synchronous motors with a high reluctance torque
component.

The following constraints apply when impressing DC current (p1980 = 10):

The motor must be free to move and it may not be subject to external forces (no
hanging/suspended axes).

If a motor holding brake is being used, then this must be opened.

The technique is recommended if there is no magnetic asymmetry (e.g. symmetrical air
gap).

5.144 Messages and parameters

Faults and alarms (see SINAMICS S120/S150 List Manual)

Drive functions

F07413 Drive: Commutation angle incorrect (pole position identification)

AQ07967 Drive: Automatic encoder adjustment/pole position identification incorrect
F07968 Drive: Lg-Ld measurement incorrect

F07969 Drive: Pole position identification incorrect

FO7970 Drive: Automatic encoder adjustment incorrect
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e A07971 (N) Drive: Communication angle offset determination activated

e A07975 (N) Drive: Traverse to the zero mark - setpoint input expected

e AQ07976

Drive: Encoder fine calibration activated

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

e p0325[0...
e p0329[0...
e p0404]0...
e p04300...
e p0431[0...
e p04370...

o 10458
o 10459

e p0640[0...
e p1082[0...

e p1215

e p1780[0...
e p1980[0...
e p1982[0...

e 1984
e p1990

e p1991[0...
e p1993[0...
e p1994[0...
e p1995[0...
e p1996[0...
e p19970...

262

Motor pole position identification current 1st phase
Motor pole position identification current
Encoder configuration active

Sensor Module configuration

Commutation angle offset

Sensor Module extended configuration
Sensor Module properties

Sensor Module extended properties

Current limit

Maximum speed

Motor holding brake configuration

Motor model adaptation configuration

PollD procedure

PolID selection

PollD angular difference

Encoder adjustment, determine commutation angle offset
Motor changeover, commutation angle offset
PollD motion-based current

PolID motion-based rise time

PollD motion-based gain

PollD motion-based integral time

PollD motion-based smoothing time

Drive functions
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5.156

5.15.1

Overview

Drive functions

5. 15 Efficiency optimization

Efficiency optimization

Efficiency optimization for induction motors

For induction motors, efficiency optimization has the following advantages:
® |ower energy costs

® | ower motor temperature rise

® Reduced motor noise levels

Disadvantages of efficiency optimization

® |onger acceleration times

® More significant speed dips for torque surges

® | ower dynamic response

However, the disadvantages are only relevant if the motor must respond with a high dynamic
performance. Also when that the efficiency optimization is active, the converter motor control
prevents the motor from stalling.

Optimization techniques

Speed and torque are specified by the driven machine. As a consequence, the flux is the
remaining variable for optimizing the efficiency.

The efficiency of induction motors can be optimized using 2 different techniques. Both
techniques optimize the efficiency using the flux.

It only makes sense to activate efficiency optimization if the dynamic response requirements
are low (e.g. pump and fan applications).
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5. 15 Efficiency optimization

Simple efficiency optimization (method 1)

264

For p1580 = 100%, the flux in the motor under no-load operating conditions is reduced to
half of the setpoint (reference flux) (p1570/2). As soon as load is connected to the drive, the
setpoint (reference) flux increases linearly with the load and, reaching the setpoint set in
p1570 at approx. r0077 =r0331 - p1570.

CDSet

p1580 *

0% p1570

50% | p1570-0.75

100% V¥ p1570-0.5

s Rt

» Iqset
p1570 -r0331/2  p1570 - r0331 (r0077)

Figure 5-21  Efficiency tuning

In the field-weakening range, the final value is reduced by the actual degree of field
weakening. The smoothing time (p1582) should be set to approx. 100 to 200 ms. Flux
differentiation (see also p1401.1) is automatically deactivated internally following
magnetization.

A

Efficiency —I_'_

»
»

Flux 100% -

p1580 100%
50% I_li
0%

Figure 5-22 Basic efficiency optimization

>
»

>
»

Drive functions
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Advanced efficiency optimization (method 2)

The advanced efficiency optimization generally achieves a better efficiency than the basic
efficiency optimization. With this technique, the actual motor operating point is determined as
a function of the efficiency and flux - and the flux is set to achieve the optimum efficiency.
Depending on the motor operating point, the converter either reduces or increases the flux
when the motor is operating in the partial load range.

A A
Efficiency I Efficiency | s
Flux 100% o ] Flux 100%| [ ———————— ]
p1401.14 —— p1401.14 |
Advanced efficiency optimization with flux Advanced efficiency optimization with flux
reduction reduction

Advanced efficiency optimization is activated in the default setting.

To activate advanced efficiency optimization, set p1401.14 = 1.

5.15.2 Efficiency optimization for reluctance motors

The typically high efficiency for 1FP1 reluctance motors can also be achieved in the partial
load range.

To achieve this, depending on the demanded torque, the motor is operated with a loss-
optimized current setpoint (MTPC: Max-Torque-Per-Current). This operation corresponds to
a load-dependent input of the flux setpoint - and can be appropriately preconfigured when
commissioning by setting p1401.3 = 1. Further, drives with reluctance motors can be
optimized in the following way:

e p1401.9=1
Dynamically increases the flux setpoint when quickly establishing the torque.
e p1401.10=1

Increases the flux setpoint at low speeds and for load-dependent optimum flux
characteristic (p1401.3 = 1).

Drive functions
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5. 15 Efficiency optimization

5.156.3 Function diagrams and parameters

Function diagrams (see SINAMICS S120/S150 List Manual)

6722
6723
6790

Vector control - Field weakening characteristic, Id setpoint (ASM, p0300 = 1)
Vector control - Field weakening controller, flux controller (p0300 = 1)
Vector control - flux setpoint (RESM, p0300 = 6)

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

266

r0077

r0331[0...
p1401[0..
p1570[0..
p1580]0..

n]
.n]
.n]

.n]

CO: Torque-generating current setpoint

Actual motor magnetizing current / short-circuit current
Flux control configuration

CO: Flux setpoint

Efficiency tuning

Drive functions
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5. 16 Fast magnetization for induction motors

5.16 Fast magnetization for induction motors

For crane applications, frequently a frequency converter is switched alternately to different
motors. After being switched to a different motor, a new data set must be loaded in the
frequency converter and the motor magnetized. This can result in excessive waiting times
which can be significantly reduced by means of quick magnetization.

Features

Commissioning

Fast magnetization is used for induction motors in vector control.

Fast flux build-up through injection of a field-generating current at the current limit,
resulting in a significant reduction in magnetizing time.

The "flying restart" function continues working with parameter p0346 (magnetization
time).

Magnetization is not dependent on a brake configuration (p1215) as it is with SERVO
drives.

Parameter p1401.6 = 1 (flux control configuration) must be set to activate quick
magnetization.

This setting initiates the following sequence during motor starting:

Drive functions

The maximum excitation build-up current of the induction motor (in reference to the
permitted rated power module current (r0207[0])) is set with parameter p0644 ("Current
limit excitation build-up induction motor").

The field-generating current setpoint jumps to the value parameterized in p0644 or the
maximum of Imax = 0.9 - r0O067 (upper limit field-generating current setpoint).

The flux increases as fast as physically possible with the specified current.
The flux setpoint r0083 is made to follow accordingly.

As soon as the flux threshold value programmed in p1573 is reached (min. 10% and max.
200%, factory setting 100%), excitation is ended and the speed setpoint is enabled. The
flux threshold value must not be set too low for a large load because the torque-
producing current is limited during magnetization.

Note

The flux threshold value set in parameter p1573 is effective only if the actual flux during
magnetization reaches the value programmed in p1573 before the time set in p0346.

The flux is increased further until the flux setpoint in p1570 has been reached.

The field-producing current setpoint is reduced by means of a flux controller with P gain
(p1590) and the parameterized smoothing factor (p1616).
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5. 16 Fast magnetization for induction motors

nset “ ¢

.= 0,9 - 10067

® = r0084 = r0083
p1570

p1573

n_ (r1170) p0346

set

Figure 5-23  Quick magnetization characteristics

Notes

When quick magnetization is selected (p1401.6 = 1), smooth starting is deactivated internally
and alarm A07416 displayed.

When the stator resistance identification function is active (see p0621 "ldentification of stator
resistance after restart") is active, quick magnetization is deactivated internally and alarm
A07416 displayed.

The parameter (p1401.6 = 1) does not work when combined with the "flying restart" function
(see p1200), i.e. flying restart is performed without quick magnetization.

Alarms and faults

Flux controller configuration

When a function controlled by parameter p1401 and p0621 is activated, the system checks
whether any other incompatible function is already selected. If this is the case, alarm A07416
is displayed with the number of the parameter which is incompatible with the configuration
parameter (i.e. p0621 or p1401).

As these are data-set-dependent parameters (p1401 is DDS-dependent and p0621 MDS-
dependent), the number of the data set is also specified in the alarm value.

The flux control configuration (p1401) settings are inconsistent.

Fault codes:

1 = quick magnetization (p1401.6) and smooth starting (p1401.0)

2 = quick magnetization (p1401.6) and flux build-up control (p1401.2)

3 = quick magnetization (p1401.6) and Rs identification (stator resistance identification) after
restart (p0621 = 2)

Drive functions
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5. 16 Fast magnetization for induction motors

Remedy:
® For fault cause 1:
— Deactivate smooth starting: p1401.0 =0
— Deactivate quick magnetization: p1401.6 =0
® For fault cause 2:
— Deactivate flux build-up control: p1401.2 =0
— Deactivate quick magnetization: p1401.6 = 0
® For fault cause 3:
— Change Rs identification parameter settings: p0621 =0, 1

— Deactivate quick magnetization: p1401.6 = 0

Flux controller output limited

If the current limit p0640[D] is set very low (below the rated magnetizing current value in
p0320[M]), the parameterized flux setpoint p1570 [D] might not be reached at all.

As soon as the time in p0346 (magnetization time) is exceeded, fault FO7411 is output.
Generally, the magnetization time is significantly longer than the flux build-up time
associated with quick magnetization.

Cause:

With quick magnetization configured (p1401.6 = 1), the specified flux setpoint is not reached
even though the current setpoint = 90% of maximum current.

e Motor data is incorrect.

e Motor data and motor connection type (star/delta) do not match.
® Current limit in p0640 is set too low for the motor concerned.

® Induction motor (encoderless, open-loop control) at 12t limit.

e Motor Module rating is too low.

Remedy:

® Correct the motor data.

® Check the motor connection type.

® Correct the current limits (p0640, p0323).
® Reduce the load on the induction motor.
e Use a larger Motor Module if necessary.

e Check the motor supply cable.
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5. 16 Fast magnetization for induction motors

Function diagrams (see SINAMICS S120/S150 List Manual)

e 6491 Vector control - Flux control configuration
o 6722 Vector control - Field weakening characteristic, Id setpoint (ASM, p0300 = 1)
e 6723 Vector control - Field weakening controller, flux controller (ASM, p0300 = 1)

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

e 10207[0...4] Rated power unit current

e p0320[0...n] Motor rated magnetizing current / short-circuit current
e p0346[0...n] Motor excitation build-up time

e p0621[0...n] Stator resistance identification after restart

e p0640[0...n] Current limit

e p0644[0...n] Current limit excitation build-up induction motor
e p1401[0...n] Flux control configuration

e p1570[0...n] CO: Flux setpoint

e p1573[0...n] Flux threshold value magnetization

e p1590[0...n] Flux controller P gain

e p1616[0...n] Current setpoint smoothing time

Drive functions
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5.17 Flying restart

After power ON, the "flying restart" function automatically connects a Motor Module to a
motor which may already be turning. This function can be activated during operation with or
without an encoder.

/\WARNING

Unplanned movement of the motor when flying restart is activated

When the "flying restart" (p1200) is activated, the drive can still be accelerated by the
search current despite the fact that it is at standstill and the setpoint is "0"; this can result in
death, severe injury or material damage.

e Ensure that nobody is in the hazardous zone - and that the mechanical system can
freely move.

Sequence

1. The "Flying restart" function should be activated via p1200 especially for loads which may
coast after power interruption.

This prevents sudden loads in the entire mechanics.

2. With an induction motor, the system waits for a demagnetization time to elapse before the
search is carried out. The demagnetization time can reduce the voltage at the motor
terminals. At the pulse enable, this avoids high equalizing currents due to a phase short-
circuit.

An internal demagnetization time is calculated. In addition, you can define a de-excitation
time via parameter p0347. The system waits for the longer of the two times to elapse.

— In operation without an encoder, a search is carried out initially for the current speed.
The search starts at the maximum speed plus 25%. A Voltage Sensing Module (VSM)
is required for permanent-magnet synchronous motors (for additional information, see
SINAMICS S120 Control Units Manual and SINAMICS S120/S150 List Manual in
parameter p1200).

— When operated with an encoder (actual speed value is sensed), the search phase is
eliminated.

3. For an induction or reluctance motor, immediately after the speed has been determined,
magnetization starts (p0346).

4. The current speed setpoint in the ramp-function generator is then set to the current actual
speed value.

The ramp-up to the final speed setpoint starts with this value.

Drive functions
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Application example

272

After a power failure, a fan drive can be quickly reconnected to the running fan motor by

means of the "flying restart" function.

ON/OFF command

A
ON —|
>
t
|
A |
Actual value of | : !
current | I ]
Value ! \ !
rated \ A i X t)
rateds . chmax “Fo————————— ' | \ : Setpoint speed
|
rated,,, (0063) f— ==~ - - - |- == ' ] !
: ! .
| | |
p0347 | p0346 ! [
| [} | )
| Search | \  Powerup | ¢
Demagnetization Magnetization
rated g, o max =~ 1082 - 1.25
Figure 5-24  Flying restart, example of induction motor without encoder
ON/OFF command
A
ON
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. Magnetization
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Figure 5-25 Flying restart, example of induction motor with encoder
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5. 17 Flying restart

Flying restart in encoderless operation for long cables

5.17.1

As arule, it is important to consider the cable resistance. The cable resistance is required for
calculation of the thermal motor model.

1. Enter the cable resistance in parameter p0352 before you perform motor data
identification.

2. For an induction motor, set parameter p1203[0...n] to at least 300%.
This operation can take a little longer than for the factory setting (100%).

The setting is not required for a reluctance motor.

Note

Use a trace recording to check and optimize the flying restart function. If necessary, optimize
the settings of parameters p1202 and p1203.

Fast flying restart

For encoderless operation (vector, V/f linear and parabolic), there is a "fast flying restart".
The "fast flying restart" function is only possible for induction motors.

Fast flying restart without voltage measurement

Drive functions

For fast flying restart without voltage measurement, the starting frequency is set to zero. The
model settles within approximately 200 ms on its own when the parameterization is correct.
This fast flying restart works only under the following conditions:

® At a current controller cycle time of 250 ps or 400 us (without filter and long cables)

® Up to 4x the rated speed for vector control

e Up to the rated speed for V/f control

The settings for fast flying restart can be made in the expert list.

1. To switch flying restart to "fast flying restart”, make the following setting: "p1780.11 = 1".

The normal flying restart had the parameter setting "p1780.11 = 0". For operation with
encoder, settings of this bit are ignored because fast flying restart is not possible in this
case.

2. Activate the fast flying restart as with the normal flying restart via parameter p1200.

3. Perform a standstill measurement (p1900 = 2) for the correct parameterization of the
voltage model for both vector and V/f control to determine the power resistance.

The critical parameters are the stator resistance (p0350) and the stator leakage
inductance (p0356).

The following status bits indicate the characteristic of the flying restart:
— For V/f control: r1204.14.
— For vector control: r1205.16 or r1205.17.
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Note

Parameter p1203 has no effect on the fast flying restart. Parameter p1202 (flying restart
detection current) can be used to tune the fast flying restart.

Note
Detection current must not become too small

If the drive is operated well into the field weakening or with filters or long cables, the
detection current may become too small with the fast flying restart (F07330).

In this case, set the detection current (p1202) to values > 30%.

Fast flying restart with voltage acquisition

The time for the connection to a rotating induction motor can be shortened when the terminal
voltage of the motor is measured. This requires that a VSM module is connected (see
Chapter "Voltage Sensing Module (Page 279)").

1. Select the voltage measurement for the fast flying restart: p0247.5 = 1.
2. Activate the flying restart: p1200 > 0.
The following status bits indicate the characteristic of the flying restart:
— For V/f control: r1204.15
— For vector control: r1205.18, r1205.19, r1205.20

Note

If the measured voltage amplitude undershoots the 1% limit of the converter rated voltage,
the flying restart with voltage measurement is deactivated and the rotating frequency sought.

Drive functions
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5.17.2 Flying restart for a synchronous reluctance motor

With encoderless control of a synchronous reluctance motor, using the "Flying restart”
function, the position and speed of the rotor can be determined with almost no delay.

To increase the quality of the function, a motor data identification routine (p1900, stationary
measurement) must be carried out. The motor properties are measured so that the flying
restart function can optimally determine the speed and the position.

AWARNING

Unplanned movement of the motor when flying restart is activated

When the "flying restart" (p1200) is activated, the drive can still be accelerated by the
search current despite the fact that it is at standstill and the setpoint is "0"; this can result in
death, severe injury or material damage.

e Ensure that nobody is in the hazardous zone - and that the mechanical system can
freely move.

Sequence

1. Activate the "Flying restart" function using p1200 = 1 especially for loads which may coast
down after the power is interrupted.

This avoids the complete mechanical system from being subject to sudden loads.

2. Contrary to an induction motor, for a synchronous reluctance motor, the system does not
wait a specific demagnetization time (see. "Flying restart for an induction motor

(Page 271)"). Flying restart can be activated for the rotating machine immediately after
switching off.

3. For a synchronous reluctance motor, immediately after the speed has been determined,
magnetization starts (p0346).

4. The actual speed setpoint is then set in the ramp-function generator to the speed actual
value.

Ramp-up (acceleration) to the final speed setpoint starts from this value.
Bit r1205.21 indicates whether flying restart is active.

5. The search current and the search speed can be set using parameters p1202 and p1203
to optimize the flying restart.

Note

If the search current is changed (p1202), then a stationary measurement must be carried
out to accept the change. After changing the parameter, the measurement is configured
(p1909.22 = 1) so that it is as short as possible. The bit is only reset if a motor data
identification routine has been carried out.

Drive functions
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5.17.3 Messages and parameters

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

e F07330 Flying restart: Detection current measured too low

e FO07331 Flying restart: Function not supported

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

o p0247 Voltage measurement configuration
e p0352[0...n] Cable resistance
e p1082[0...n] Maximum speed
e p1200[0...n] Flying restart operating mode
e p1202[0...n] Flying restart detection current
e p1203[0...n] Flying restart search rate factor
e r1204.0...15 CO/BO: Flying restart, V/f control status
e r1205.0...21 CO/BO: Flying restart, vector control status
e p1780.11 Motor model adaptation configuration
Fast flying restart with voltage model for induction machines
e p1900 Motor data identification and rotating measurement
e p1909[0...n] Motor data identification control word

Drive functions
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5.18 Synchronization

Description

You can synchronize a motor with the line supply using the "Synchronization" function and
an existing voltage sensing module VSM10 (to measure the line voltage). The connection to
the line supply or the required contactor control can be realized using the existing bypass
function or a higher-level control system.

Use of the bypass function supports temporary (for example, for maintenance work without
plant standstill) or permanent operation of the motor on the line supply.

Synchronization is activated with parameter p3800. A VSM10 which is assigned to a drive
(via DRIVE-CLIiQ), measures the line supply voltage.

Requirement
® Drive in the vector control mode with Voltage Sensing Module (VSM10)
® Induction motor without encoder

® \/ector control

Features
e Connector inputs for the actual voltage sensing of the motor via VSM10 (p3661, r3662)
e Setting a phase difference (p3809)
® Can be activated by parameter (p3802)

Drive functions
Function Manual, 11/2017, 6SL3097-4AB00-0BP5 277



Vector control/

5. 18 Synchronization

Function diagrams (see SINAMICS S120/S150 List Manual)

e 7020

Technology functions - Synchronizing

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

e p3800[0..
e p3801[0..
e p3802[0..

e r3803.0
e 13804
e 13805

e p3806[0..

e 13808

e p3809[0..
e p3811[0..

e 3812

e p3813[0..

e 13814

e p3815[0..

.n]
.n]

.n]

.n]

.n]

.n]

.n]

.n]

e r3819.0...7

278

Sync-line-drive activation

Sync-line-drive drive object number

Bl: Sync-line-drive enable

CO/BO: Sync-line-drive control word

CO: Sync-line-drive target frequency

CO: Sync-line-drive frequency difference
Sync-line-drive frequency difference threshold value
CO: Sync-line-drive phase difference
Sync-line-drive phase setpoint value
Sync-line-drive frequency limitation

CO: Sync-line-drive correction frequency
Sync-line-drive phase synchronism threshold value
CO: Sync-line-drive voltage difference
Sync-line-drive voltage difference threshold value

CO/BO: Sync-line-drive status word

Drive functions
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5.19 Voltage Sensing Module

The Voltage Sensing Module (VSM) is required in the Vector Control and in V/f control for
following functions:

® Synchronizing

Using the "synchronizing" function, the system is synchronized to a line supply. For
example, after synchronization the motor is directly switched over to the line supply
(bypass). Another application is the temporary operation of the motor on the line supply to
allow the converter to be maintained without shutting down the plant or system.

For p3800 = 1, the voltage is sensed using a VSM, which is assigned to the line phases
and a Motor Module (via DRIVE-CLIQ).

® Flying restart

After power ON, the "flying restart" function automatically connects a Motor Module to a
motor which may already be turning. In operation without an encoder, a search is carried
out initially for the motor speed.

For this function, a Voltage Sensing Module (VSM) is required for permanent-magnet
synchronous motors (for additional information, see SINAMICS S120 Control Units
Manual and SINAMICS S120/S150 List Manual in parameter p1200).

A VSM can be used for induction motors in order to reduce the duration of the search
(see Chapter "Fast flying restart (Page 273)").

If only one VSM exists, it is used to acquire the motor voltages when "synchronize" is
deactivated (p3800 = 0).

Topology view

The VSM is used on the encoder side for SINAMICS S120 drives. The VSM is only used at
the VECTOR drive object in sensorless operating modes. The VSM is integrated into the
topology at the position of the motor encoder.

VSM commissioning using STARTER

The VSM for the VECTOR drive object is selected in STARTER using the drive wizard. As
the VSM is not assigned to the encoder data sets (EDS), it cannot be selected on the
encoder side. The component number of the VSM from the current topology must be entered
in parameter p0151[0...1]. This parameter assigns the VSM data set to a VSM evaluation
routine. With parameter p0155[0...n] "Activate/deactivate Voltage Sensing Module", it is
possible to activate or deactivate the VSM explicitly as a topology component.

VSM parameters are independent of the SINAMICS data set model. A maximum of two
VSMs are permitted for each VECTOR drive object.

Note
Using two VSMs

If 2 VSMs are connected to one Motor Module, the 1st VSM (p0151[0Q]) is used to measure
the line voltage (p3801). The motor voltage is measured (p1200) with the 2nd VSM.

Drive functions
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Identification via LED and firmware version

VSM identification via LED is activated via parameter p0154.

When p0154 = 1, the LED RDY on the relevant VSM flashes green/orange or red/orange at
a frequency of 2 Hz.

The firmware version of the VSM can be displayed using parameter p0158[0,1] on the
VECTOR drive object.

Function diagrams (see SINAMICS S120/S150 List Manual)

e 7020
e 9880
o 0886

Technology functions - Synchronizing
Voltage Sensing Module (VSM) - Analog inputs (Al 0 ... Al 3)

Voltage Sensing Module (VSM) - Temperature evaluation

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

280

e« p01510..
e p01550..
e p0158]0..
e p3800]0..
e p38010..

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

.n]

Voltage Sensing Module component number
Activate/deactivate Voltage Sensing Module
Voltage Sensing Module firmware version
Sync-line-drive activation

Sync-line-drive drive object number

Drive functions
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5.20

Requirements

Features

Drive functions

5.20 Simulation mode

Simulation mode

Simulation mode allows you to simulate the drive without a connected motor and without the
DC-link voltage. In this case, it should be noted that the simulation mode can only be
activated under an actual DC-link voltage of 40 V. If the voltage is higher, simulation mode is
reset and fault message F07826 is output.

With the simulation mode, you can test the communication with a higher-level controller. If
the drive is also to return actual values, note that it must be switched over to encoderless
operation during simulation mode. This means that large parts of the SINAMICS software
(e.g. software channel, sequence control, communications, technology function, etc.) can be
tested in advance without requiring a motor.

For units with outputs of > 75 W it is recommended to test the activation of the power
semiconductors after repairs. To do so, a DC voltage < 40 V is applied to the DC link, and
the possible pulse patterns must be tested by the control software.

The simulation mode can be activated via p1272 =1.

Note

Simulation mode cannot be activated without a power unit. A power unit must be connected
via DRIVE-CLIiQ.

The following requirements must be satisfied to do this:
® |[nitial commissioning must be complete (default: Standard induction motors).

® The DC-link voltage must be < 40 V (observe the tolerance of the DC-link voltage
sensing).

e Automatic deactivation with a DC-link voltage greater than 40 V (measurement tolerance
* 4 V) with fault FO7826 and immediate pulse inhibit (OFF2)

e (Can be activated via parameter p1272
e Deactivation of line contactor activation during simulation mode

e Activation of power semiconductor with low DC-link voltage and with motor (for test
purposes).

® Power unit and closed-loop control can be simulated without a connected motor.
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5.21 Redundancy mode power units

5.21

Requirements

Features

Redundancy mode power units

Redundancy mode can be used so that operation can be continued in spite of the failure of
one power unit connected in parallel.

Note

Despite this redundancy circuit, the entire plant may shut down when defects develop in a
power unit (feedback effects due to absence of electrical isolation).

In order that the failed power unit can be replaced, DRIVE-CLIQ cables must be connected
in a star-type configuration - it may be necessary to use a DRIVE-CLiIQ HUB Module
(DMC20 or DMEZ20). The failed power unit must be deactivated via p0125 or via the binector
input p0895, before it is removed. When a replacement power unit has been installed it must
be activated accordingly.

® Only possible for identical chassis power units connected in parallel
e Maximum number of parallel power units is 4

e Maximum 4 Motor Modules Innovation in parallel

e Parallel connection of power units with suitable power reserves

e DRIVE-CLIQ star topology (possibly a DMC20 or a DME20, see SINAMICS S120 Control
Units Manual)

e Motor with one single-winding system (p7003 = 0)
® No Safe Torque Off (STO)

e Redundancy for up to 4 chassis power units
e Redundancy for up to 4 Chassis Motor Module Innovation
® Power unit can be deactivated via parameter (p0125)

® Power unit can be deactivated via binector input (p0895)

Overview of important parameters (see SINAMICS S120/S150 List Manual)
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e p0125[0...n] Activate/deactivate power unit component
e r0126[0...n] Power unit components active/inactive
e p0895[0...n] Bl: Activate/deactivate power unit component

e p7003 Par_circuit winding system

Drive functions
Function Manual, 11/2017, 6SL3097-4AB00-0BP5



Vector control/

5.22 Bypass

5.22 Bypass

5.221 Overview

The bypass function controls two contactors via digital outputs of the drive converter and
evaluates the feedback signals of the contactors via digital inputs (e.g. via TM31). This circuit
allows the motor to be operated using the converter or directly on the supply line. The
contactors are activated by the converter. The feedback signals for the contactor positions
have to be returned to the converter.

The bypass circuit can be implemented in two ways:

e Without synchronizing the motor to the line supply and
® Synchronizing the motor to the line supply.

The following applies to all bypass versions:

® The bypass switch is also shut down (the motor coasts down) when one of the "OFF2" or
"OFF3" control word signals is canceled. When "OFF1" is withdrawn, the motor remains
connected to the line supply.

® Exception:
When required, the bypass switch can be interlocked by a higher-level controller so that
the drive converter can be completely powered-down (i.e. including the control
electronics) while the motor is operated from the line supply. The contactor interlocking
should be implemented on the plant/system side.

® When the drive is started up again after POWER ON, the status of the bypass contactors
is evaluated. After powering up, the converter can thereby change straight into "Ready to
start and bypass" status. This is only possible if the bypass is activated via a control
signal, the control signal (p1266) is still present once the system has been ramped up,
and the automatic restart function (p1210 = 4) is active.

The bypass is automatically started again when restarting. To accelerate the motor to the
setpoint speed and/or to synchronize to the line supply, the pulses are enabled, possibly
with the motor already rotating. In this case, we recommend that the "Flying restart"
function (p1200 = 1) is activated in order to avoid high current peaks.

e Changing the converter into "Ready to start and bypass" status after powering up, is of a
higher priority than switching back on automatically.

® Monitoring of the motor temperatures using temperature sensors is active while the
converter is in one of two states "Ready to start and bypass" or "Ready for operation and
bypass".

® The two motor contactors must be designed for switching under load.

Note

The examples contained in the following descriptions are only basic circuits designed to
explain the basic function. The dimensions of specific circuit configurations (contactors,
protective equipment) must be calculated for specific systems.

Drive functions
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5.22 Bypass

NOTICE

Incorrect synchronization as a result of an incorrect phase sequence

The target frequency r3804 is specified as an absolute value. It does not contain
information about the direction of the rotating field (phase sequence)!

If the phase sequence of the line voltage, which must be synchronized with, does not match
the motor voltage phase sequence, then this results in incorrect synchronization. In the
worst-case scenario, this can mechanically damage the plant or system.
e Ensure that the line voltage phase sequence matches that of the motor voltage. You can
correct the phase sequence as follows:
— Interchange the two feeder cables at the converter output or at the line contactor.

— Correct the phase sequence of the motor or converter output voltage using p1820 or
p1821.

Requirement

The bypass function is only possible for encoderless closed-loop speed control (p1300 = 20)
or V/f control (p1300 = 0...19) and when an induction motor is used.

Features
e Available for vector control

e Available for induction motors without encoder

Commissioning the bypass function

The bypass function is part of the function module "technology controller" that can be
activated when using the commissioning wizard. Parameter r0108.16 indicates whether it
has been activated.

5.22.2 Bypass with synchronization with overlap

Description

The "Bypass synchronized with overlap" is used for drives with low inertia. These are drives
in which the speed would decrease very quickly when contactor K1 is opened.

When "bypass with synchronization with overlap (p1260 = 1)" is activated, the motor is
transferred, synchronized to the line supply and is also retrieved again. During the
changeover, the two contactors K1 and K2 are simultaneously closed for a time (phase lock
synchronization).

A voltage sensing module VSM10 is required for this type of bypass which measures the line
supply voltage required for the drive to be synchronized.

Drive functions
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Activation

Drive functions

5.22 Bypass

A reactor is used to de-couple the drive converter from the line supply - the uk value for the
reactor is 10% +/- 2%.

Line supply
Converter with i
Voltage Sensing ProFectlon
Module (VSM10) device

Reactor

K1T‘D , D-AW K2

Figure 5-26  Circuit example: Bypass with synchronization with overlap

Note

As a result of the overlap, when synchronizing back to the converter, the DC link voltage can
increase; in the worst case scenario this can result in a fault trip. It is possible to activate an
overvoltage protection function, which, when a Vdc max threshold r1242 is reached, the
pulses are inhibited; as a consequence, the DC link voltage stops increasing. When the
pulses are inhibited, the motor coasts down, which is why it must be restarted on-the-fly. As
a consequence, overvoltage protection is only active if the "Flying restart" function was
activated (p1200 = 1).

The bypass function with synchronization with overlap (p1260 = 1) can only be activated
using a control signal. Activation using a speed threshold is not possible.
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5.22 Bypass

Parameter assignment

The following parameters must be set after the bypass function with synchronization with
overlap (p1260 = 1) has been activated.

Table 5- 3 Parameter setting for bypass function with synchronization with overlap
Parameter Description
r1261.0 = Control signal for contactor K1
r1261.1 = Control signal for contactor K2
p1266 = Setting the control signal
P1269[0] = Signal source to provide the feedback signal of contactor K1
P1269[1] = Signal source for contactor K2 feedback
p3800 =1 Synchronization is activated.
p3802 =r1261.2 Synchronizer activation is triggered by the bypass function.

Motor
connected to the line

la .
1 Switchover
loperation

: line-converter

Transfer sequence
A !
1
Motor : Switchover
connected to | operation
the converter : converter-line
p1266

bypass command

r1261.2
Synchronization requested
(from the bypass function)

r3819.2
in synchronism

r1261.1
close contactor K2

Motor
connected to the converter

p1269.1
contactor K2 is closed

r1261.0
close contactor K1

p1269.0
contactor K1 is closed

Figure 5-27 Signal diagram, bypass with synchronization with overlap
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5.22 Bypass

The motor is transferred to the line supply
(the drive converter controls contactors K1 and K2):

The initial state is as follows: Contactor K1 is closed, contactor K2 is open and the motor
is fed from the drive converter.

The control bit "bypass command" (p1266) is set (e.g. from the higher-level automation).
The bypass function sets the control word bit "synchronizing" (r1261.2).

Since the bit is set while the converter is running, the "Transfer motor to supply"
synchronization process is started.

After the motor has been synchronized to the line frequency, line voltage and line phase,
the synchronizing algorithm reports this status (r3819.2).

The bypass mechanism evaluates this signal and closes contactor K2 (r1261.1 = 1). The
signal is internally evaluated - BICO wiring is not required.

After contactor K2 has signaled back the "closed" state (r1269[1] = 1), contactor K1 is
opened and the drive converter inhibits the pulses. The drive converter is in the "hot
standby" state.

If the on command is withdrawn in this phase, the drive converter changes into the basic
standby state. If the appropriate contactors are being used, the drive converter is isolated
from the line supply and the DC link is discharged.

Retrieving the motor from supply mode functions the same but in reverse:
At the start of the process, contactor K2 is closed and contactor K1 is opened.

Drive functions

The "Command bypass" control bit is canceled (e.g. by the higher-level automation).
The bypass function sets the control word bit "synchronizing".

Pulses are enabled. Since "Synchronize" is set before "Pulse enable", the converter
interprets this as a command to retrieve a motor from the supply and to take it over.

After the motor has been synchronized to the line frequency, line voltage and line phase,
the synchronizing algorithm reports this status.

The bypass mechanism evaluates this signal and closes contactor K1. The signal is
internally evaluated - BICO wiring is not required.

Once contactor K1 has reported "closed" status, contactor K2 is opened and the motor
returns to operation on the drive.
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5.22 Bypass

5.22.3

Description

288

Bypass with synchronization without overlap

When "bypass with synchronization without overlap (p1260 = 2)" is activated, contactor K2 to
be closed is only closed when contactor K1 has opened (anticipatory type synchronization).

During this time, the motor is not connected to the line supply so that its speed is determined
by the load and the friction. This type of bypass is therefore suitable for drives with high
inertia (see the note below).

Synchronization setpoint p3809 is used to correct a phase rotation in the signal sensing of
the voltage actual values (p3809 = -180°...179,90°). Further, using this parameter, the
setpoint angle of the motor voltage can be advanced in a range up to a maximum of 20°el (=
maximum value, p3813), in order to compensate for a friction/load-dependent speed
decrease during the bypass switchover.

The phase position of the motor voltage before synchronization can be set using p3809 to
enable an "advance start" before the line supply to which synchronization should be carried
out. As a result of the motor braking in the short time in which both contactors are open,
when closing contactor K2, now a phase and frequency difference of approximately zero
must be obtained. If, when switching over, the angular difference would be > 20°el, then
current surges be expected that cannot be neglected. This is the reason that synchronism is
only reached if the angular difference is < p3813 (maximum of 20°el).

Compensating a speed decrease using p3809 only makes sense if the motor is evenly
loaded during the switchover period. For instance, for conveyor belts, depending on the
process environment, the load can change during the bypass sequence.

If, during the switchover process, the angular difference is more than 20°el - or if the load for
each bypass operation differs, then the "Bypass with synchronization with overlap
(Page 284)" mode must be used.

A voltage sensing module VSM10 is required for this type of bypass which measures the line
supply voltage required for the drive to be synchronized.

For the function to run correctly, the moment of inertia of the drive and the load must be
sufficient.

Note

A sufficiently high moment of inertia is characterized by a change in the motor speed during
opening of the contactors K1 and K2 that is approximately equal to the rated slip.

Further, it must be ensured that at the switchover instant, the motor is not significantly
braked as a result of external effects (e.g. friction).

Drive functions
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5.22 Bypass
Line supply
Converter with dP;?/tiggtNe
Voltage Sensing
Module (VSM10)

K1

0

f

/

\
Q Interlocking against
M

simultaneous closing

Figure 5-28 Circuit example, bypass with synchronization without overlap

Activation

The bypass function with synchronization without overlap (p1260 = 2) can only be activated
using a control signal. Activation using a speed threshold is not possible.

Parameter assignment

The following parameters must be set after the bypass function with synchronization without
overlap (p1260 = 2) has been activated.

Table 5- 4 Parameter settings for bypass function with synchronization without overlap

Parameter Description

r1261.0 = Control signal for contactor K1

r1261.1 = Control signal for contactor K2

p1266 = Setting the control signal

P1269[0] = Signal source to provide the feedback signal of contactor K1

P1269[1] = Signal source for contactor K2 feedback

p3800 =1 Synchronization is activated.

p3802 =r1261.2 | Synchronizer activation is triggered by the bypass function.

p3809 = Setting of the phase setpoint for synchronizing the drive to the line supply

Drive functions
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5.22 Bypass

5.224 Bypass without synchronization

Description

When the motor is transferred to the line supply, contactor K1 is opened (after the drive
converter pulses have been inhibited); the system then waits for the motor de-excitation time
and then contactor K2 is closed so that the motor is directly connected to the line supply.

Because the motor is not synchronized when it is connected to the line supply an
equalization current flows. This must be taken into account when designing the protective
equipment (refer to the diagram, "Circuit example, bypass without synchronization"). This is
why this type of bypass is only suitable for drives with a low power rating.

When the converter retrieves the motor from the line supply, initially contactor K2 is opened,
and after the excitation time has expired, contactor K1 is closed. The drive converter then
connects to the rotating motor and the motor is fed from the drive converter.

A voltage sensing module VSM10 is not required for this type of bypass.
In this case, contactor K2 must be designed/selected to be able to switch inductive loads.
Contactors K1 and K2 must be interlocked so that they cannot simultaneously close.

The "flying restart" function must be activated (p1200).

Line supply
Converter
Protective
device
K1 \13 [7\ K2
\ /
Interlocking against

@ simultaneous closing

Figure 5-29 Circuit example, bypass without synchronization
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Activation

5.22 Bypass

The bypass without synchronization (p1260 = 3) can be triggered using the following signals

(p1267):

® Bypass using a control signal (p1267.0 = 1):
The bypass can be activated using a digital signal (p1266) (e.g. from a higher-level
control system). If the digital signal is withdrawn, a changeover to converter operation is
initiated once the bypass delay time (p1263) has expired.

e Bypass at a specific speed threshold (p1267.1 = 1):
Once a certain speed is reached, the system switches to bypass (i.e., the drive is used as
a starting drive). The bypass cannot be connected until the speed setpoint is greater than
the bypass speed threshold (p1265).
The system reverts to converter mode when the setpoint (on the input of the ramp-
function generator, r1119) falls below the bypass speed threshold (p1265). The setpoint >
comparison value condition prevents the bypass from being reactivated straight away if
the actual speed is still above the bypass speed threshold (p1265) after switching back to
converter operations.

The bypass time, debypass time, bypass speed variables and the command source for
changing over are set using parameters.

Parameter assignment

Drive functions

After activating the bypass function without synchronization (p1260 = 3) the following
parameters still have to be set:

Table 5- 5 Parameter settings for non-synchronized bypass function with overlap
Parameter Description
r1261.0 = Control signal for contactor K1
r1261.1 = Control signal for contactor K2
p1262 = Setting of the dead time for non-synchronized bypass
p1263 = Setting of the delay time to switch back to converter operation for non-
synchronized bypass
p1264 = Setting of the delay time to switch to line operation for non-synchronized bypass
p1265 = Setting of the speed threshold for activating the bypass (for p1267.1 = 1)
p1266 = Setting of the signal source for the control command to the bypass
(for p1267.0 = 1)
p1267.0 = Trigger signal setting for bypass function
p1267.1 =
p1268 Setting of the signal source for the feedback signal
"synchronization completed"
P1269[0] = Setting of the signal source for the feedback signal of contactor K1
P1269[1] = Setting of the signal source for the feedback signal of contactor K2
p3800=0 Synchronization is deactivated.
p3802 =r1261.2 | Synchronizer activation is triggered by the bypass function.
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5.22 Bypass

5.22.5 Function diagrams and parameters

Function diagrams (see SINAMICS S120/S150 List Manual)

e 7020 Technology functions - Synchronizing

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

Bypass function

e p1260 Bypass configuration

e r1261.0...12 CO/BO: Bypass control/status word

e p1262[0...n] Bypass dead time

e p1263 Debypass (revert to drive) delay time

e p1264 Bypass delay time

e p1265 Bypass speed threshold

e p1266 Bl: Bypass control command

e p1267 Bypass changeover source configuration

e p1268 Bl: Bypass feedback signal synchronization completed
e p1269[0...1] Bl: Bypass switch feedback signal

Synchronization

e p3800[0...n] Sync-line-drive activation

e p3801[0...n] Sync-line-drive drive object number

e p3802[0...n] Bl: Sync-line-drive enable

e r3803.0 CO/BO: Sync-line-drive control word

e 13804 CO: Sync-line-drive target frequency

e 13805 CO: Sync-line-drive frequency difference

e p3806[0...n] Sync-line-drive frequency difference threshold value
e 13808 CO: Sync-line-drive phase difference

e p3809[0...n] Sync network drive phase setpoint value

e p3811[0...n] Sync-line-drive frequency limitation

e 13812 CO: Sync-line-drive correction frequency

e p3813[0...n] Sync-line-drive phase synchronism threshold value
e 13814 CO: Sync-line-drive voltage difference

e p3815[0...n] Sync-line-drive voltage difference threshold value

e r3819.0...7 CO/BO: Sync-line-drive status word

Drive functions
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5.23 Asynchronous pulse frequency

The pulse frequency is coupled to the current controller cycle, and can only be adjusted in
multiple integer steps. For most standard applications, this setting makes sense and should
not be modified.

For certain applications, it may be advantageous if the pulse frequency is decoupled from
the current controller cycle. The consequences are:

® Motor Modules or Power Modules are optimized

e Certain motor types are operated with a more favorable pulse frequency

® Motor Modules of different sizes can be operated with different pulse frequencies

e Faster sampling times can be set for DCC and free function blocks

e Faster setpoint transfers from a higher-level control system are possible

e Automatic commissioning routines with different current controller cycles are simplified

This function is enabled for Motor Modules and Power Modules in the chassis format in
vector control.

Activating the function

To be able to activate the asynchronous pulse frequency, the following requirements must

be satisfied:

* 0192.16 =1

e p1800 <2 - 1000/p0115[0]
® p1810.3=0

When the requirements are satisfied, the asynchronous pulse frequency (for vector control)
can be activated with the parameter setting p1810.12 = 1.

The activation has the following effects:

e Switchover of the gating unit (p1810 bit 2)

e Switch on of the actual current value correction (p1840 bit 0)

e Minimum pulse frequency 1000 - 0.5/ p0115[0]

o Maximum pulse frequency 1000 - 2 / p0115[0]

® Fluctuating dead times and dynamic response in the current control circuit

® Increased current ripple in the current display

Drive functions
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5.23 Asynchronous pulse frequency

Application example

Situation:

A large (> 250 kW) Motor Module in the chassis format and a small (< 250 kW) Motor
Module, e.g. in the booksize format, are to be connected to one DRIVE-CLIQ line.

The factory setting of the current controller cycle of the small Motor Module is 250 ps,
corresponding to a pulse frequency of 2 kHz. The factory setting of the current controller
cycle of the large Motor Module is 400 ps, corresponding to a pulse frequency of 1.25 kHz.

Problem:

For standard applications, the current controller cycle of the large Motor Module is increased
up to 500 ps, an integer multiple of the current controller cycle of 250 ys. As a consequence,
the pulse frequency of the large Motor Module is 1 kHz. As a consequence, the Motor
Module in the chassis format is no longer optimally utilized.

Solution:

Activate separation of pulse frequency and current controller cycle for the large Motor
Module.

The Motor Module Booksize is still operated in synchronism with the current control cycle of
250 ps at a pulse frequency of 2 kHz.

For Motor Modules in the chassis format, set the pulse frequency to asynchronous operation
with p1800.10 = 12. Then increase the pulse frequency of the Motor Module Chassis to 1.25
KHz using p1800, while the current controller cycle remains at 500 ys. The Motor Module
chassis is better utilized as a result of the increased pulse frequency.

Boundary conditions for asynchronous pulse frequency

294

® A higher system utilization as a result of the activated gating unit for the asynchronous
pulse frequency (p1810.12 = 1) and the required current actual value correction (p1840 =
1) causes

— Halving of the maximum number of axes that can be used
— Areduction in the current controller dynamic response

® The maximum pulse frequency that can be set is limited to double the frequency of the
current controller cycle.

® The pulse procedure, where the pulse frequency can be freely adjusted, is not suitable for
a permanent-magnet synchronous motor without an encoder.

e [f output reactors or filters are connected to a Motor Module in the chassis format, when
dimensioning the reactors, the maximum pulse frequency must be taken into account and
for sine-wave filters, the minimum pulse frequency.

e The motor data identification must be performed with current controller cycles of 250 us
or 500 ys with 2 kHz.
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5.23 Asynchronous pulse frequency

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

e p01150...6]
e p1800]0...n]
e p1810

e p1840[0...n]

Drive functions
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V/f control (vector control)

The V/f control characteristic is the simplest way to control an induction motor. When
configuring the drive using the STARTER commissioning tool, V/f control is activated in the
"Closed-loop control structure" screen (also see p1300).

Note

For V/f control, the permissible range of the ratio between the rated motor current (p0305)
and rated Motor Module current (r0207) is 1:1 to 1:12.

The stator voltage of the induction motor is set proportional to the stator frequency. This
procedure is used for many standard applications where the dynamic performance
requirements are low, for example:

® Pumps
® Fans
® PBelt drives

V/f control aims to maintain a constant flux ® in the motor whereby the flux is proportional to
the magnetizing current (lp) or the ratio of voltage (V) to frequency (f).

O~ Iy~ Vit

The torque M generated by an induction motor is proportional to the product of the flux and
current (the vector product © - I).

M~®-I|

To generate as much torque as possible with a given current, the motor must function using

the greatest possible constant flux. To maintain a constant flux (®), therefore, the voltage (V)
must be changed in proportion to the frequency (f) to ensure a constant magnetizing current

(ly). VI characteristic control is derived from these basic premises.

UmMmP, o
A
——————— U, P
7 Rated
Mn, ®n 7 operating point
s 7 of motor
/

e .o

»f

«— Voltage control range _piq— Fielr%r(]:ogtrol —»
f 9 f

n max

Figure 6-1 Operating areas and characteristic curves for the induction motor with converter supply
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V/f control (vector control)

Several variations of the V/f characteristic exist, which are shown in the following table:

Table 6- 1 V/f characteristic (p1300)
Parameter | Meaning Application / property
values
0 Linear characteristic | Standard (without voltage boost) Vv
A
Vh
p1300 =0
"
1 Linear characteristic | Characteristic that compensates for volt- Vv
with flux current con- | age losses in the stator resistance for A
trol (FCC) static/dynamic loads (flux current control Ve
FCC). r0071 4
L . p0304 s
This is particularly useful for small motors, et
since they have a relatively high stator /' \
resistance. "} Load
el current
/,/’ dependent
<4 ;f
0 p0310
2 Parabolic characteris- | Characteristic that takes into account the Vv
tic motor torque curve (e.g. fan/pump). A
e Quadratic characteristic (2 character- Vv
istic) "
e Energy saving because the low volt-
age also results in small currents and
losses
p1300 = 2
f
0 f, -
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V/f control (vector control)

Parameter | Meaning Application / property
values
3 Programmable char- | Characteristic that takes into account v
acteristic motor/machine torque curve (e.g. syn- A
chronous motor). Vinax
r0071
p1327
p1325)
P1323 ) e
p1321) .
r1315
L :
0 M 2 3 4 fmax
p1320 p1322 p1324 p1326 p1082
4 Linear characteristic | Characteristic, see parameter 0 and Eco mode at a constant operating point.
and ECO * Inthe ECO mode, the efficiency at a constant operating point is optimized. This
optimization is only effective in steady-state operation and when the ramp-function
generator is not bypassed.
e You must activate slip compensation and set the scaling of the slip compensation
(p1335) so that the slip is completely compensated (generally, 100%).
5 Precise frequency Characteristic that takes into account the technological particularity of an application
drives (e.g. textile applications):
o Whereby the current limitation (Imax controller) only affects the output voltage and
not the output frequency
e By disabling slip compensation
6 Precise frequency Characteristic that takes into account the technological particularity of an application
drives with flux cur- (e.g. textile applications):
rent control (FCC) o Whereby the current limitation (Imax controller) only affects the output voltage and
not the output frequency
e By disabling slip compensation
Voltage losses in the stator resistance for static/dynamic loads are also compensated
(flux current control FCC). This function is required for small motors, as, in comparison
to large motors, they have a relatively high stator resistance.
7 Parabolic characteris- | Characteristic, see parameter 1 and ECO mode at a constant operating point.
tic and ECO * Inthe Eco mode, the efficiency at a constant operating point is optimized. This
optimization is only effective in steady-state operation and when the ramp-function
generator is not bypassed.
e You must activate slip compensation and set the scaling of the slip compensation
(p1335) so that the slip is completely compensated (generally, 100%).
19 Independent voltage | The user can define the output voltage of the Motor Module independently of the fre-
setpoint quency using BICO parameter p1330 via the interfaces (e.g. analog input AlO of Ter-
minal Board 30 —> p1330 = r4055[0]).
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Function diagram

Parameter

300
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r1348

p1350]0..

.n]

.n]

.n]
.n]
.n]
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Vector control - V/f control, overview

Vector control - V/f characteristic and voltage boost

Open-loop/closed-loop control operating mode

V/f control programmable characteristic frequency 1

V/f control programmable characteristic voltage 4
CI: VIt control independent of voltage setpoint
Voltage limitation

V/f control FCC starting frequency

CO: V/f control Eco factor actual value

V/f control soft starting
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V/f control (vector control)

6.1 Technological application

6.1 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