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About this document

1 About this document

Read this documentation carefully before starting any work.
» Please observe the safety instructions!
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1.1 Document description

This documentation is valid up to firmware version:

About this document

Document description

Firmware version

Date

Internal data ID

V01.02.xx.xx

2023-12-08

V0009
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About this document

Further documents

1.2 Further documents

For certain tasks, information is available in further documents.

Document

Contents/topics

Planning manual

Basic information on project planning and ordering the product

Mounting and switch-on instructions

Basic information on mounting and initial switch-on of the product

More information

For certain tasks, information is available in other media.

Medium Contents/topics

Engineering Tools For commissioning

AKB articles Additional technical information for users in the Application Knowledge Base
CAD data

Download in different formats from the EASY Product Finder

EPLAN macros

Project planning, documentation and management of projects for EPLAN P8.

Device descriptions

Standardized files for network configuration

6 Information and tools with regard to the Lenze products can be found on the
Internet:

www.lenze.com = Downloads
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e2000 About this document

1.3 Notations and conventions

Conventions are used in this document to distinguish between different types of information.

Notations and conventions

Numeric notation

Decimal separator Point Generally shown as a decimal point.
Example: 1 234.56
Warnings
UL Warnings uL Are used in English and French.
UR warnings UR
Text

Software
Example: "Engineer", "EASY Starter"

Engineering Tools

Icons
Page reference (8] Reference to another page with additional information.
Example: (1 16 = see page 16
Documentation reference ® Reference to other documentation with additional information.

Example: @) EDKxxx = see documentation EDKxxx

Layout of the safety instructions

A DANGER!

Indicates an extremely hazardous situation. Failure to comply with this instruction will result
in severe irreparable injury and even death.

/A WARNING!

Indicates an extremely hazardous situation. Failure to comply with this instruction may result
in severe irreparable injury and even death.

/A CAUTION!

Indicates a hazardous situation. Failure to comply with this instruction may result in slight to
medium injury.

NOTICE

Indicates a material hazard. Failure to comply with this instruction may result in material
damage.
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Safety instructions 2000

Basic safety instructions

2 Safety instructions

2.1 Basic safety instructions

Disregarding the following basic safety instructions and safety information may lead to severe
personal injury and damage to property!

¢ Only use the product as directed.

¢ Never commission the product in the event of visible damage.

¢ Never modify the product technically.

¢ Never commission the product before assembly has been completed.

¢ Never operate the product without the required covers.

* Connect/disconnect all pluggable connections only in deenergized condition!

¢ Only remove the product from the installation in the deenergized state.

¢ The product can — depending on their degree of protection — have live, movable or
rotating parts during or after operation. Surfaces can be hot.

¢ Observe the specifications of the corresponding documentation. This is the condition for
safe and trouble-free operation and the achievement of the specified product features.

¢ The procedural notes and circuit details given in the associated documentation are
suggestions and their transferability to the respective application has to be checked. The
manufacturer of the product does not take responsibility for the suitability of the process
and circuit proposals.

¢ All work with and on the product may only be carried out by qualified personnel.
IEC 60364 and CENELEC HD 384 define the qualifications of these persons:

- They are familiar with installing, mounting, commissioning, and operating the product.
- They have the corresponding qualifications for their work.

- They know and can apply all regulations for the prevention of accidents, directives, and
laws applicable at the place of use.

Please observe the specific safety information in the other sections!
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22224 Safety instructions
Application as directed

2.2 Application as directed

The product is a professional equipment intended for use by trades, specific professions or
industry and not for sale to the general public. IEC 60050 [IEV 161-05-05]

To prevent personal injury and damage to property, higher-level safety and protection
systems must be used!

All transport locks must be removed.

The product may only be operated under the specified operating conditions and in the
specified mounting positions.

The product is exclusively suitable for installation in control cabinets and, depending on
the protection class and design, for wall and motor mounting.

The product must only be actuated with motors that are suitable for the operation with
inverters.

The product must not be operated in private areas, in potentially explosive atmospheres
and in areas with harmful gases, oils, acids and radiation.
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Safety instructions 2000

Residual hazards

2.3 Residual hazards

Even if notes given are taken into consideration and protective measures are implemented,
the occurrence of residual risks cannot be fully prevented.

The user must take the residual hazards mentioned into consideration in the risk assessment
for his/her machine/system.

If the above is disregarded, this can lead to severe injuries to persons and damage to
property!

Product
Observe the warning labels on the product!

Dangerous electrical voltage:

A Before working on the product, make sure there is no voltage applied to the power terminals!
After mains disconnection, the power terminals will still carry the hazardous electrical voltage
for the time given next to the symbol!

Electrostatic sensitive devices:
Before working on the product, the staff must ensure to be free of electrostatic charge!

EN 61800-5-1 / EN 60204-1

Hot surface:
Use personal protective equipment or wait until the device has cooled down!

A
AL
High leakage current:
A Carry out fixed installation and PE connection in compliance with:
Degree of protection - protection of persons and device protection
¢ Information applies to the mounted and ready-for-use state.
¢ Information does not apply to the wire range of the terminals.
- Terminals that are not wired have low protection against physical contact.

- Terminals for large cable cross-sections have lower classes of protection, e. g. from
15 kW P10 only.

Device protection

¢ The maximum test voltage for insulation tests between a control potential of 24 V and PE
must not exceed 110 V DC (EN 61800-5-1).

Motor protection

With some settings of the inverter, the connected motor can be overheated.
e E.g. bylonger operation of self-ventilated motors at low speed.
¢ E. g. bylonger operation of DC-injection braking.

Protection of the machine/system

Drives can reach dangerous overspeeds.

¢ E. g. by setting high output frequencies in connection with motors and machines not
suitable for this purpose.

¢ The inverters do not provide protection against such operating conditions. For this
purpose, use additional components.

Motor

If there is a short circuit of two power transistors, a residual movement of up to 180°/number
of pole pairs can occur at the motor! (e. g. 4-pole motor: residual movement max. 180°/2 =
90°).
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3 Product information

3.1 Features

3.1.1 Power supply
30A

DC-bus connection

X101 +UG

X102 -UG

Product information

Features
Power supply

X100 Mains connection

X20.1 Digital inputs

Brake chopper control/
Error reset/Slave activation

X21 External 24 V supply

f X20.2 Digital outputs

Electronics

Supplier status LEDs

X103 Brake resistor

Integrated shield mounting
Brake resistor

PE connection

Brake chopper status/Error active
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Product information

Features
Power supply

60 A

b X100 Mains connection

DC-bus connection

X101 +UG

TN

X102 -UG

X20.1 Digital inputs

Brake chopper control/
Error reset/Slave activation

! X20.2 Digital outputs

y. Brake chopper status/Error active

X21 External 24V supply
Electronics
Supplier status LEDs

X103 Brake resistor

Integrated shield mounting
Brake resistor

PE connection
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Product information

Features
Single axes

3.1.2 Single axes
1.1kW ...4 kw

DC-bus connection

|
X101 +UG I Advanced Safety/Extended Safety

S$82 Confirmation button

X101 -UG

Status LEDs

Basic Safety - STO

X3 Control terminal

X5 Control electronics
24V supply

Product variants - feedback

' Motor encoder

HIPERFACE DSL® (OCT)/PTC
(One Cable Technology)
Connection on X109

| Inverter status LEDs

|

|

|

|

|

I

X7  Resolver |
(X109 without function) :
:

|

|

|

|

|

X8  Multi encoder
(X109 without function)

X236 onboard EtherCAT IN X237 onboard EtherCAT OUT

EtherCAT status LEDs EtherCAT status LEDs

X107 Motor holding brake
24V supply

X109 Motor encoder
HIPERFACE DSL® (OCT)

PTC/thermal contact

X106 Motor holding brake

X105 Motor connection

Shielding of motor connection

PE connection
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Product information

Features
Single axes

7.5 kW ... 15 kW

DC-bus connection 1 ) | Advanced Safety/Extended Safety
X101 +UG = 582 _Confirmation button
X101 -UG

Status LEDs

Basic Safety - STO

X3 Control terminal

X5  Control electronics
24V supply

Product variants - feedback

oy

Motor encoder

HIPERFACE DSL® (OCT)/PTC
(One Cable Technology)
Connection to X109

Inverter status LEDs

|

|

|

|

|

:

: X7 Resolver
| (X109 without function)
|

|

|

|

|

|

|

X8 Multi encoder
(X109 without function)

X236 onboard EtherCAT IN

X237 onboard EtherCAT OUT

EtherCAT status LEDs

X107 Motor holding brake

EtherCAT status LEDs

24V supply
X106 Motor holding brake

X109 Motor encoder
HIPERFACE DSL® (OCT)

X105 Motor connection

Shielding of motor connection

PE connection

22
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Product information

Features
Double axes

3.1.3 Double axes
2x1.1kW...2x2.2 kW

Product variants safety

DC-bus connection

|

I

X101 +UG $82 Confirmation button A|,
X101 -UG $82 Confirmation button B !
|

Status LEDs A :

| Status LEDs B |

|

) Basic Safety - STO |

X3  Control terminal A |
X1 STOA :

X3  Control terminal B :
|

X5  Control electronics X1 ST0B |
|

|

Product variants - feedback

|
Motor encoder

24V supply

HIPERFACE DSL® (OCT)/PTC
(One Cable Technology)
Connection on X109

X7 Resolver A

IIX7  Resolver B

: (X109 without function)
: X8  Multi encoder A

X8  Multi encoder B

|

]

(X109 without function)

X236 onboard EtherCAT IN

Inverter status LEDs

X237 onboard EtherCAT OUT

EtherCAT status LEDs

X107 Motor holding brake

EtherCAT status LEDs

24V supply

X106 Motor holding brake A

X109 Motor encoder A
HIPERFACE DSL® (OCT)

X106 Motor holding brake B

X105 Motor connection B

X105 Motor connection A

PTC/thermal contact

X109 Motor encoder B
HIPERFACE DSL® (OCT)

Shielding of motor connection

PE connection

PTC/thermal contact
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Product information

Features
Double axes

2x4kW..2x7.5kW

Product variants safety

Advanced Safety/Extended Safety

DC-bus connection
X101 +UG
X101 -UG

S$82 Confirmation button A
S$82 Confirmation button B

Status LEDs A
== Status LEDs B

X3 Control terminal A

X3 Control terminal B X1 STOA

X5 Control electronics
24V supply

X1 STOB

|
|
|
|
|
|
|
|
|
:
Basic Safety - STO :
|
|
|
|
|
|
|
|
|

Product variants - feedback d e y A

Inverter status LEDs

|

| HIPERFACE DSL® (OCT)/PTC
: (One Cable Technology)

I Connection to X109

|

: X7 Resolver A

i|X7  Resolver B
|

|

|

|

|

|

|

|

(X109 without function)

X8 Multi encoder A
X8 Multi encoder B
(X109 without function)

X236 onboard EtherCAT IN X237 onboard EtherCAT OUT

EtherCAT status LEDs

EtherCAT status LEDs

X107 Motor holding brake
24V supply

X109 Motor encoder A
HIPERFACE DSL® (OCT)

PTC/Thermal contact
X109 Motor encoder B
HIPERFACE DSL® (OCT)

PTC/Thermal contact

X106 Motor holding brake A
X106 Motor holding brake B

X105 Motor connection B
X105 Motor connection A

Shielding of motor connection

PE connection
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g Product information
Identification of the products
Product codes

3.2 Identification of the products

3.2.1 Product codes

Supplier - product code

E|7|0/A|C|P|S|E| oo |4|O
Product type Electronics E
Product family i700 7
Product i700 0
Product generation Generation A A
Mounting type Control cabinet mounting C
Design Supplier P
Control code S
E
Rated output current 30ADC 030
60 ADC 060
Mains voltage 3/PE AC400V 4
3/PEAC 480V
Degree of protection P20 S
P20, coated V]

Axes - product code

1(7|5/A|E| ooo |[F|lo|o|V|0|0|o| oo |S
Product type Inverter |
Product family i700 7
Product i750 5
Product generation Generation A A
Mounting type Control cabinet mounting E
Rated power 1.1 kW 211
(Examples) 2.2 kW 222
7.5 kW 275
Mains voltage 3/PE AC 400V F
3/PE AC 480V
Motor connections Single axis 1
Double axis 2]
Integrated functional safety Basic Safety - STO A
Advanced Safety 'F|
Extended Safety B
Degree of protection P20, coated \Y
Interference suppression Without 0
Dual Use Not subject to export authorization 0
Scope of supply Without mounting kit 0
With mounting kit K|
9 Motor encoder Single axis Resolver 20
£ |Axis 1and axis 2 Encoder (SinCos/HIPERFACE®/SSI/TTL) 30
.gﬂ HIPERFACE DSL®, one cable technology (OCT) Qo
a Double axis  Resolver 22
Encoder (SinCos/HIPERFACE®/SSI/TTL) 33
HIPERFACE DSL®, one cable technology (OCT) QQ
Packaging Packed individually S
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Product information

License information

3.3 License information

Open Source

Software or Open Source. The licensing terms of the open source software

6 Lenze software may contain software components that are licensed as Free
components used in this product are stored in the product.

To display the license information of the open source software components, an EoE
connection (Ethernet over EtherCAT) must be established between PC and product. » EoE
communication 1240

Display licence information

1. Connect product to PC via Ethernet.

2. Read out IP address of the product via »EASY Starter« engineering tool.
3. Open browser and enter http://"IP address of the product"/index.html.
The licences used are displayed in the browser.
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Commissioning

4 Commissioning

The purpose of commissioning is to adapt the inverter as part of a machine with a variable-
speed drive system to its drive task.

The i750 servo inverter is a multi-axis inverter, i.e. the axes are interconnected via an
integrated DC bus. The supplier connected to the AC system feeds the DC bus.

A controller programmed according to IEC 61131 controls the axes via the CiA 402 device
profile.

The Lenze engineering tool "PLC Designer" is available for programming the controller. The
FAST function library enables the rapid creation of applications.

EtherCAT® is used for real-time communication.

6 i700/i750 tutorials are available for easy commissioning.

i700 servo inverter - Start-up tutorials

Automation with central motion control
Example: Topology for Basic Safety - STO

PlrIofF] 1}
NJE]T

Process management level

I
EASY Engineering Tools
PLC Designer
‘ ETHERNET

HMI
v450 web panel

Controllers Control level
¢550 controller

EtherCAT. ™ Field level

i750 cabinet servo inverter
. Supplier
"Basic Safety - STO" inverters

1/0 systems
1/0 1000

Actuator level/Sensor level
Electomechanics

Servo motors Geared servo motors
m850 servo motors g500-B + m850 bevel geared motors
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Commissioning

Automation with central motion control
Example: Topology for Advanced Safety/Extended Safety

Process management level

EASY Engineering Tools ! Controllers
Lenzg PLC Designer : ¢550 controller
I
ETHERNET : :
i —_—l
! . EtherCAT.™ |
I A 1
: |
| | =
| I Controllers
HMI \ I c250-S
v450 web panel : : safety controller
Ll
[
: Field level
T 1
$2-0.0.0
i750 cabinet servo inverter | 1/0 systems
_ Supplier / 1/0 1000

' "Extended Safety" inverters

Actuator level/Sensor level
Electomechanics

' #
L2
' #
Servo motors Geared servo motors
m850 servo motors g500-B + m850 bevel geared motors
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Commissioning

Important notes

4.1 Important notes

A DANGER!

Incorrect wiring can cause unexpected states during the commissioning phase.

Possible consequences: death, severe injuries or damage to property

Ensure the following before switching on the mains voltage:

» Wiring must be complete and correct.

» Wiring must be free of short circuits and earth faults.

» The motor circuit configuration (star/delta) must be adapted to the inverter output voltage.
» The motor must be connected in-phase (direction of rotation).

» The "emergency switching off" function of the overall system must operate correctly.

A DANGER!

Incorrect settings during commissioning may cause unexpected and dangerous motor and
system movements.

Possible consequences: death, severe injuries or damage to property
» Clear hazardous area.
» Observe safety instructions and safety clearances.

NOTICE

The set mains voltage is lower than the actual mains voltage.

Possible consequences: Destruction of a connected brake resistor.

Due to the mains voltage being set too low, the voltage threshold for braking operation

("brake chopper threshold") is within the permissible range of the DC-bus voltage. As a result,

the brake chopper is continuously in operation and the brake resistor is thermally overloaded.

» First switch on the 24 V supply and check whether the setting of the mains voltage
corresponds to the supply network: » 0x2540:001 (Rated mains voltage).

» If it is ensured that the mains voltage is set correctly, the mains voltage can be switched on.
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Operating interfaces
Engineering tool »EASY Starter«

4.2 Operating interfaces

4.2.1 Engineering tool »EASY Starter«

The »EASY Starter« is a PC software that is especially designed for the commissioning and
diagnostics of the inverter.

e »EASY Starter« Download
4.2.2 Engineering tool »PLC Designer«

The "PLC Designer" is a PC software for program creation and commissioning of Lenze PLC
devices according to IEC 61131-3.

In addition, the "PLC Designer" offers 6 editors, debugger, monitoring and other features.
e »PLC Designer«Download
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g Commissioning
General information on parameter setting
Addressing of the parameters

4.3 General information on parameter setting

Certain device commands or settings which might cause a critical state of the drive
behavior can only be carried out when the device is disabled.

43.1 Addressing of the parameters

Each parameter features a 16-bit index as its address. Under this address, the parameter is
stored in the object directory of the device.

¢ Parameters that belong together functionally are combined in a data set. These
parameters are additionally provided with an 8-bit subindex.

¢ The colon is used as a separator between the index and subindex Example: "0x2540:001"

¢ There are parameter settings that can be changed, and (diagnostic) parameters that can
only be read.

The following conventions are used in this documentation for specifying the
parameter address:

e The index is specified as a hexadecimal value.

¢ The subindex is specified as a decimal value.

4.3.2 Structure of the parameter descriptions

¢ The parameter descriptions in this documentation are structured in table form.

* The representation distinguishes parameters with a setting range, text, selection list, and
bit-coded display.

¢ The default setting of parameters with a write access feature is shown in bold.

Example: parameters with a setting range
Address Name / setting range / [default setting] Information

Index:Subindex |Parameter designation Explanations & notes with regard to the parameter.
Minimum value ... [default setting] ... maximum value
* Optional information with regard to the parameter.

Example: parameters with a selection list
Address Name / setting range / [default setting] Information

Index:Subindex |Parameter designation Explanations & notes with regard to the parameter.
+ Optional information with regard to the parameter. | Note: The corresponding selection number (here 0, 1, or 2) must be set.
Other values are not permissible.

0 | Designation of selection 0 Optionally: Explanations & notes with regard to the corresponding
1| Designation of selection 1 selection. )
2| Designation of selection 2 The default selection is shown in bold.

Example with bit coded display
Address Name / setting range / [default setting] Information

Index:Subindex |Parameter designation Explanations & notes with regard to the parameter.
¢ Optional information with regard to the parameter.

Bit O | Designation of bit 0 Optionally: Explanations & notes with regard to the corresponding bit.
Bit 1| Designation of bit 1
Bit 2 | Designation of bit 2

Bit 15| Designation of bit 15
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4.3.3 Setting and transferring safety parameters

Safety-relevant parameters only have to be set for devices that feature integrated
safety engineering.

» Safe parameter setting

4.3.4 Parameter overview lists

Parameter attribute list: contains a list of all inverter parameters. This list in particular includes
some information that is relevant for the reading and writing of parameters via the network.
[0 466

4.3.5 Favorites

4.3.5.1 Configuring the "Favorites"

Parameter
Address Name / setting range / [default setting] Information
0x261C:001 Favorites settings: Parameter 1 Definition of the "Favorites" parameters.
0...[]... 4294967295 » Format: OxiiiissO0 (iiii = hexadecimal index, ss = hexadecimal subindex)
0x261C:002 Favorites settings: Parameter 2 * The lowest byte is always 0x00.
0...1]... 4294967295 * The keypad can be used to select the desired parameter from a list.
0x261C:003 Favorites settings: Parameter 3
0...[]...4294967295
0x261C:004 Favorites settings: Parameter 4
0...[]... 4294967295
0x261C:005 Favorites settings: Parameter 5
0...[]... 4294967295
0x261C:006 Favorites settings: Parameter 6
0...[]...4294967295
0x261C:007 Favorites settings: Parameter 7
0...[]...4294967295
0x261C:008 Favorites settings: Parameter 8
0...[]...4294967295
0x261C:009 Favorites settings: Parameter 9
0...[]...4294967295
0x261C:010 Favorites settings: Parameter 10
0...[]...4294967295
0x261C:011 Favorites settings: Parameter 11
0...[]...4294967295
0x261C:012 Favorites settings: Parameter 12
0...[]...4294967295
0x261C:013 Favorites settings: Parameter 13
0...[]...4294967295
0x261C:014 Favorites settings: Parameter 14
0...[]... 4294967295
0x261C:015 Favorites settings: Parameter 15
0...[]...4294967295
0x261C:016 Favorites settings: Parameter 16
0...[]... 4294967295
0x261C:017 Favorites settings: Parameter 17
0...[]... 4294967295
0x261C:018 Favorites settings: Parameter 18
0...[]...4294967295
0x261C:019 Favorites settings: Parameter 19
0...[]...4294967295
0x261C:020 Favorites settings: Parameter 20
0...[]...4294967295
0x261C:021 Favorites settings: Parameter 21
0...[]...4294967295
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TERE Favorites
rtt!‘: gl Configuring the "Favorites"

Address Name / setting range / [default setting] Information
0x261C:022 Favorites settings: Parameter 22
0...[]...4294967295
0x261C:023 Favorites settings: Parameter 23
0...[]...4294967295
0x261C:024 Favorites settings: Parameter 24
0...[] ... 4294967295
0x261C:025 Favorites settings: Parameter 25
0...[]...4294967295
0x261C:026 Favorites settings: Parameter 26
0...[]...4294967295
0x261C:027 Favorites settings: Parameter 27
0...[]...4294967295
0x261C:028 Favorites settings: Parameter 28
0...[]...4294967295
0x261C:029 Favorites settings: Parameter 29
0...[]... 4294967295
0x261C:030 Favorites settings: Parameter 30
0...[]... 4294967295
0x261C:031 Favorites settings: Parameter 31
0...[]... 4294967295
0x261C:032 Favorites settings: Parameter 32
0...[] ... 4294967295
0x261C:033 Favorites settings: Parameter 33
0...[]...4294967295
0x261C:034 Favorites settings: Parameter 34
0...[]...4294967295
0x261C:035 Favorites settings: Parameter 35
0...[]...4294967295
0x261C:036 Favorites settings: Parameter 36
0...[]...4294967295
0x261C:037 Favorites settings: Parameter 37
0...[]...4294967295
0x261C:038 Favorites settings: Parameter 38
0...[]...4294967295
0x261C:039 Favorites settings: Parameter 39
0...[]...4294967295
0x261C:040 Favorites settings: Parameter 40
0...[]...4294967295
0x261C:041 Favorites settings: Parameter 41
0...[]...4294967295
0x261C:042 Favorites settings: Parameter 42
0...[]... 4294967295
0x261C:043 Favorites settings: Parameter 43
0...[]... 4294967295
0x261C:044 Favorites settings: Parameter 44
0...[]... 4294967295
0x261C:045 Favorites settings: Parameter 45
0...[]...4294967295
0x261C:046 Favorites settings: Parameter 46
0...[]...4294967295
0x261C:047 Favorites settings: Parameter 47
0...[]... 4294967295
0x261C:048 Favorites settings: Parameter 48
0...[]...4294967295
0x261C:049 Favorites settings: Parameter 49
0...[]...4294967295
0x261C:050 Favorites settings: Parameter 50
0...[]...4294967295
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4.4 Commissioning steps
Only a few steps are required to commission an inverter.

Preconditions:

¢ The complete drive system is mounted and correctly wired.

e A project and a PLC program are created in the "PLC Designer".
¢ All components are supplied with voltage.

¢ EtherCAT is configured and at least in "Pre-Operational" state.
¢ The »PLC Designer« is connected "online" to the inverter.

Main commissioning steps

How to quickly commission the inverter:

1. Select connected motor from the motor catalog. » Motor data 143
2. Set control mode. » Configuring the motor control 1132

3. Configure feedback system:

a) Feedback system for motor control. » Configure feedback system for motor
control 198

b) Feedback system for Extended Safety.
4. Check wiring (cable check). » Cable check 127
If no error has occurred, the system can be tested.
5. Login to the Lenze controller with Online - Log in.
The EtherCAT configuration and the PLC program are loaded into the controller. Any
existing data will be overwritten.
6. Start PLC program with <F5> or the Debug - Start menu command.
7. Execute manual jog:
a) Select the inverter in the device tree.
b) Disable inverter if necessary.
c) Select the "Manual jog" command in the context menu of the inverter.
The dialog box for manual control appears.
d) Set parameters.
e) Start manual jog with the "Start" button.

The "Stop" button can be used to stop manual jog at any time.

8. Optimize control. » Options for optimizing the control loops 156
Commissioning is completed.
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4.5 Saving the parameter settings

6 The inverter does not save parameter settings in a power-failure-proof manner.

All settings that deviate from the Lenze default setting are held centrally in the Lenze
controller for all subordinate inverters and persistently stored there.

During initialization at start-up, the Lenze controller transfers the parameters to the inverters
underneath.
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4,5.1 Save parameter settings with »EASY Starter«

Engineering PC Lenze-Controller
—~ - EASY Starter
& T Wit ﬁ SD card /
- - Flash memory
Export L 3
$ SaVe4FO) mmm e m e s s == prmmen=- #|Upload
] Readp ters <F7> <
Upload
ChangeF ers
write paramters

EtherCAT

Parameter Parameter
Setl Set 2

-

i

-

1-c21E8

-
g -

Fig. 1: Parameter management with the »EASY Starter«

Saving parameters on the engineering PC

How to save the parameter settings on the engineering PC
¢ The Lenze controller and the inverters must be inserted in the device list.
1. Select an inverter in the device list.
2. Pressthe {ij button or the <F7> function key.
The parameter settings of the inverter are transferred to the "EASY Starter".
The parameter settings of the inverter are not stored in the Lenze controller.
3. Use the "Save" button to save the parameters as a GDC file on the Engineering PC.

Saving parameters persistently in the Lenze controller

How to save the parameter settings persistently in the Lenze controller

e The Lenze controller and the inverters must be inserted in the device list.
1. Select the Lenze controller in the device list.

2. Press the @ button or the <F6> function key.

The parameter settings of all lower-level inverters are persistently stored in the Lenze
controller.

Parameter
Set3

iy
n
i

(44

~

After the system is switched off and on again, the Lenze controller automatically transfers the

parameters to the lower-level inverters.
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4.5.2 Save parameter settings with the »PLC Designer«

The parameters of the inverters are managed in the "PLC Designer" project.

With the memory function of the "PLC Designer", the "PLC Designer" project with all
parameters of the lower-level inverters is saved on the Engineering PC.

The "PLC Designer" writes all parameters to the Lenze controller when logging in. This then
transfers the parameters to the subordinate inverters.

Engineering PC Lenze-Controller
PLC Designer
S ;e
P L\- Save Boot a_ppllﬁtmn " SD card /
3 write all data |Ftash memory
a N Boot-up
v
write all data |
g Log-in il
PLC.project -
read all data
Parameter change write parameters
write parameters

EtherCAT

Parameter
Setl

=
.&.

(1 1]
T
o211

Parameter
Set3
] v

15
il

{44

(13
[1 4]
TH

i E

{44

ai b

1
1

-

g,
-

L

'

Fig. 2: Parameter management with the »PLC Designer«

Change and save parameters online

Change parameters online

The "PLC Designer" writes the changed parameters directly to the lower-level inverter
The "PLC Designer" changes the parameters in the »PLC Designer« project.
The parameters are not transferred to the Lenze controller!

Transfer parameters to the Lenze controller

Log out with the "PLC Designer" and log in again. (Menu commands: Online - Log off /
Online = Log in)

All parameters are written to the Lenze controller and transferred to the lower-level
inverters.

The parameters are not stored persistently in the Lenze controller! » Saving parameters
persistently in the Lenze controller
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Change and save parameters offline

Change parameters offline
¢ The "PLC Designer" changes the parameters in the »PLC Designer« project.
¢ The parameters are not transferred to the Lenze controller!

Transfer parameters to the Lenze controller

¢ Log in with the »PLC Designer«. (Menu command: Online = Log in)

e All parameters are written to the Lenze controller and transferred to the lower-level
inverters.

* The parameters are not stored persistently in the Lenze controller! » Saving parameters
persistently in the Lenze controller

Saving parameters persistently in the Lenze controller

¢ Execute the function "Create boot project" in the »PLC Designer«.

¢ The parameter settings of all lower-level inverters are persistently stored in the Lenze
controller.

e After the system is switched off and on again, the Lenze controller automatically transfers
the parameters to the lower-level inverters.
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5 Basic setting

This chapter contains the most frequently used functions and settings to adapt the inverter to
a simple application based on the default setting.
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5.1 Device name

Parameter

Address Name / setting range / [default setting] Information

0x2001 Device name Any device name can be set in this object for the purpose of device
["Device"] identification.
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5.2 Mains voltage

The rated mains voltage set for the inverter has an impact on the operating range of the
inverter.

Setting-up operation

For setup, the inverter can be operated with 15V ... 60 V DC voltage.
* Setting: » 0x2540:001 = [4] 60 V DC (setting-up operation).

e Supply via DC terminal X101 (+UG/-UG).

Voltage thresholds for monitoring the DC-bus voltage
¢ The warning thresholds for monitoring are adjustable.

e The error thresholds and reset thresholds for monitoring result from the rated mains

voltage set.
Rated mains Undervoltage thresholds Overvoltage thresholds
voltage Warning threshold | Error threshold Reset threshold | Warning threshold | Error threshold Reset threshold
Setting in Setting in Display in Display in Setting in Display in Display in
0x2540:001 0x2540:002 0x2540:003 0x2540:004 0x2540:005 0x2540:006 0x2540:007
Parameter
Address Name / setting range / [default setting] Information
0x2540:001 Mains settings: Rated mains voltage Selection of the mains voltage for actuating the inverter.
0230 Veff
1|400 Veff
21480 Veff
4|60V DC (setting-up operation)
101230 Veff/reduced LU level
111|400 Veff/reduced LU level
12 | 480 Veff/reduced LU level
0x2540:002 Mains settings: Undervoltage warning threshold Monitoring for undervoltage (LU) in the DC bus: Setting of the warning

0...[430] ... 800 V

threshold.

 If the DC voltage in the DC bus falls below the threshold set, the
inverter outputs a warning.

« The warning is reset with a hysteresis of 10 V.

0x2540:003 Mains settings: Undervoltage error threshold Monitoring for undervoltage (LU) in the DC bus: Display of the fixed
e Read only: xV threshold.
« If the DC voltage in the DC bus falls below the threshold displayed, the
error"" response is triggered.
0x2540:004 Mains settings: Undervoltage reset threshold Display of the fixed reset threshold for monitoring DC bus undervoltage.
e Readonly: xV
0x2540:005 Mains settings: Overvoltage warning threshold Monitoring for overvoltage (OU) in the DC bus: Setting of the warning
0...[795]...800V threshold.
« If the DC bus voltage exceeds the threshold set, the inverter outputs a
warning.
* The warning is reset with a hysteresis of 10 V.
0x2540:006 Mains settings: Overvoltage error threshold Monitoring for overvoltage (OU) in the DC bus: Display of the fixed
* Readonly: xV threshold.
 If the DC-bus voltage exceeds the threshold displayed, the "Fault"
response is triggered.
0x2540:007 Mains settings: Overvoltage reset threshold Display of the fixed reset threshold for monitoring DC bus overvoltage.
e Read only: xV
0x2540:008 Mains settings: DC link voltage critical Display of value "1": the DC-bus voltage has reached a critical value.

e Read only
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5.3 Function assignment of the inputs and outputs (default setting)

"I/O extensions and control connections" describes the assignment of functions to inputs and
outputs. L3208
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5.4 Motor data
The term "motor data" comprises all parameters only depending on the motor and only
characterising the electrical behaviour of the motor. Motor data are independent of the
application in which the inverter and the motor are used.
Preconditions
The equivalent circuit data ("Settings" tab, path: "Basic setting\motor", parameterisation
dialog "Derived motor properties and equivalent circuit") apply to a motor in star connection.
In case of a motor in delta connection, the delta values must be converted into equivalent star
values.
Possible settings
If a Lenze motor is connected to the inverter, you can select the motor in the engineering tool
from the "motor catalogue".
¢ For details see chapter "Select motor from motor catalog". t 44
Otherwise the motor data must be set manually (for details see chapter "Manual setting of
the motor data“). 46
Parameter
Address Name / setting range / [default setting] Information
0x2C08 Method for setting motor parameters Representation of the method selected for setting the motor
1| Select from catalogue (Lenze motors) parameters. (Is used by the engineering tools.)
2 | Enter motor nameplate data (other motors)
3 |Manual input (other motors)
4 | Identification run (all motors)
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5.4.1 Select motor from motor catalog

The following describes how to parameterise your drive system by selecting a Lenze motor
from the motor catalogue. Several processes are started invisibly in the background to load/
calculate the settings for the relevant parameters.

Preconditions
e Access to a Lenze engineering tool (e. g. »EASY Starter«).
e Parameters can be set online or offline (with or without connected motor).

Required steps

1. Open the Lenze engineering tool that provides for the functionality of a “Motor catalog".

Click the Select motor... button. In case of the »EASY Starter«, you find the Select motor...
button on the "settings". tab.
3. Select the motor used in the "Select motor" dialog:

L Select motor I&J
Filter critesia
Name
Rated power = kW
C86 value of the motor nameplate
CB6 MName Rated power kW] - Parameter Value
MC512D17 Motor circuit configuration  Star connection
1444  MCS512D35 22 Isolation class F
1445 MCS12H14 17 Motor type Servo-5M
1446 MCS12H34 7 Rated cosine phi 079
1447 MCS512L17 25 Rated cument 3A
1448 MCS512L39 57 Rated frequency 110 Hz
1445  MCS514D14 17 Rated power 1.2kW
1450  MCS514D30 33 ||| | Rated speed 1650 1/min
1451  MCS514H12 3 Rated voltage 330V
1452 MCS14H28 6
j| | 1453  MCS514L14 43
1454  MC514L30 8
1455  MCS14P11 46
|| | 1456  MCS14F26 9.1
1457  MC519F12 438
I 1458  MC519F29 9.7 o
[ 0K i Cancel

6 By entering filter criteria, you can restrict the selection.

Name (e. g. "MCS..."), rated power and C86 value can be found on the motor
nameplate.

4. Press the Please select button to select the thermal sensor.

This is not required for all motors. For older motors, such as MDSKA056-22 (C86=10), a
thermal sensor CANNOT be selected.

0 Observe the notes on the ? button.

5. Click the OK button to start the optimisation.
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Parameterisation sequence
As soon as the parameterisation has been started, the following steps are initiated by the
engineering tool:

1. The motor rating data and the motor equivalent circuit diagram data are loaded from the
motor catalogue.

2. The motor controller settings and the speed controller settings are automatically
calculated based on the previously loaded data.
Notes:

¢ The data involved in this parameterisation are provided be the motor catalog alone.
Further user data is not required.

¢ The inverter characteristic is not changed by this optimisation.

Parameter
Address Name / setting range / [default setting] Information
0x2C01:010 Motor parameters: Motor name The name (e.g. " 1") can be freely selected by the user.

["MCS06C41"] If the motor in the engineering tool has been selected from the "motor

catalog", the respective motor name is automatically entered here
(example: "MDSKA080-22, 70").
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5.4.2 Manual setting of the motor data

There are two options to parameterize a motor.
1. Enter nameplate data

Enter the following motor data:

» 0x2C01:001Number of pole pairs

» 0x2C01:002Stator resistance

» 0x2C01:003Stator leakage inductance

» 0x2C01:004 Rated speed

» 0x2C01:005Rated frequency

» 0x2C01:006Rated power

» 0x2C01:007Rated voltage

» 0x2C01:008Cosine phi

» 0x2C01:009Insulation class

» 0x6075Rated motor current
When you touch the "Estimate" button in the engineering tool, more parameters depending
on the motor are shown.

2. Enter data of the motor data sheet

The motor data and the parameters depending on the motor are entered. The parameters
mentioned under 1. are the following:

» 0x2D4C:001 Thermal time constant of the winding
» 0x2D4C:002 Thermal time constant - laminated core
» 0x2D4C:003 Influence of winding
» 0x2D4C:004 Starting value
» 0x6076Rated motor torque
Additionally for ASM:
» 0x2C02:001Rotor resistance
» 0x2C02:002Mutual inductance
» 0x2C02:003Magnetizing current
Additionally for PSM:
» 0x2C03:001 EMF constant
» 0x2C03:002 Resolver pole position
» 0x2C03:003Temperature coefficient magnets (kTN)
» 0x2C03:004Encoder pole position
After the motor data has been parameterized via one of the two options, the following

monitoring and limit values are initialized with motor-dependent preset values by touching
the "Initialize" button:

» 0x2D44:001 Overspeed monitoring threshold

» 0x2D46:001 Overcurrent monitoring threshold

» 0x2D49:003 Motor temperature monitoring warning threshold
» 0x2D49:004 Motor temperature monitoring error threshold

» 0x6073 Maximum current

» 0x6075Rated motor current
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L
Parameter
Address Name / setting range / [default setting] Information
0x2822:037 Axis commands: Estimate all motor parameters based
on rated data
0| Off/Ready
1|On/Start
2 |In progress
3| Action cancelled
4| No access
5| No access (controller inhibit)
0x2822:038 Axis commands: HIPERFACE (A): Set position with
synchronization
0| Off/Ready
1|0On/Start
2 |In progress
3| Action cancelled
4| No access
5| No access (controller inhibit)
0x2C01:001 Motor parameters: Number of pole pairs Display of the number of pole pairs calculated from the rated speed and
¢ Read only rated frequency.
0x2C01:002 Motor parameters: Stator resistance General motor data.
0.0000 ... [13.5000] ... 125.0000 Q Carry out settings as specified by manufacturer data/motor data sheet.
0x2€01:003 Motor parameters: Stator leakage inductance
0.000 ... [51.000] ... 500.000 mH Note!
When you enter the motor nameplate data, take into account the phase
connection implemented for the motor (star or delta connection). Only
enter the data applying to the connection type selected.
0x2C01:004 Motor parameters: Rated speed General motor data.
0 ... [4050] ... 50000 rpm Carry out settings as specified by motor nameplate data.
0x2C01:005 Motor parameters: Rated frequency
0.0 ... [270.0] ... 2000.0 Hz Note!
Ox2C01:006 Motor parameters: Rated power When y9u e.nter the motor nameplate data, take into account.the phase
0.00 ... [0.25] ... 655.35 kW connection |mp|eme'nted for the mot0|" (star or delta connection). Only
enter the data applying to the connection type selected.
0x2€01:007 Motor parameters: Rated voltage
0...[225] ... 65535 V
0x2C01:008 Motor parameters: Cosine phi
0.00 ... [0.80] ... 1.00
0x2€01:009 Motor parameters: Insulation class Insulation class of the motor (see motor nameplate).
0|Y (cut-off temperature = 90 °C)
1| A (cut-off temperature = 105 °C)
2 | E (cut-off temperature = 120 °C)
3| B (cut-off temperature = 130 °C)
4| F (cut-off temperature = 155 °C)
5 |H (cut-off temperature = 180 °C)
6| G (cut-off temperature > 180 °C)
0x2€02:001 Motor parameter (ASM): Rotor resistance Equivalent circuit data required for the motor model of the
0.0000 ... [0.0000] ... 214748.3647 Q asynchronous machine.
0x2C02:002 Motor parameter (ASM): Mutual inductance
0.0...[0.0] ... 214748364.7 mH
0x2C02:003 Motor parameter (ASM): Magnetising current
0.00 ... [0.00] ... 500.00 A
0x2C03:001 Motor parameter (PSM): Back EMF constant Voltage induced by the motor (rotor voltage / 1000 rpm).

0.0 ... [41.8] ... 100000.0 V/1000rpm

For permanently excited synchronous motors, the e.m.f. constant
describes the r.m.s. value of the line-to-line voltage (phase voltage)
induced in idle state by the motor (reference: 1000 rpm, 20 °C).
Measured: Line to Line (L- L)

47



Basic setting
Motor data
Manual setting of the motor data

60!)135

Address Name / setting range / [default setting] Information
0x2C03:002 Motor parameter (PSM): Resolver pole position Equivalent circuit data required for the motor model of the synchronous
-179.9...[-90.0] ... 179.9° machine.
0x2C03:003 Motor parameter (PSM): Magnets temperature
coefficient (kTN)
-1.000 ... [-0.110] ... 0.000 %/°C
0x2C03:004 Motor parameter (PSM): Encoder pole position
-179.9...[0.0] ... 179.9 °
0x2D4C:001 Thermal model motor utilization (i?xt): Motor Setting of the time constant for the winding.
utilisation (ixt)
1...[60] ... 36000 s
0x2D4C:002 Thermal model motor utilization (i?xt): Thermal time | Setting of the time constant for the laminated core.
constant - laminations
1...[852]...36000 s
0x2D4C:003 Thermal model motor utilization (i2xt): Winding Part of the thermal motor model: distribution factor of the copper
influence winding influence.
0..[27]..100 %
0x6072 Max. torque
0.0...[250.0] ... 3276.7 %
0x6073 Max. current Max. current of the inverter.
0.0...[150.0] ... 3276.7 % Associated event ID:
e 537469829 | 0x20092385 - Parameterized max. motor current > max.
device current
0x6075 Rated motor current The rated motor current that needs to be set here serves as a reference
0.001 ... [1.300] ... 1000.000 A value for different parameters that involve a setting for/display of a
« Setting can only be changed if the inverter is current value in percent.
disabled. Example:
* Rated motor current=1.7 A
* Max. current 0x6073 = 200 %
Rated motor current =3.4 A
0x6076 Rated motor torque The rated motor torque to be set here serves as a reference value for
0.001 ... [0.600] ... 100000.000 Nm different parameters with a setting/display of a torque value in percent.
. Sf}tting can only be changed if the inverter is Example:
disabled. * Rated motor torque = 1.65 Nm
* Max. torque 0x6072 = 250 % Rated motor torque = 4.125 Nm
0x6080 Max. motor speed Limitation of the max. motor speed. Depending on the parameter setting
0...[6075] ... 480000 rpm of 0x2D44:001 (Overspeed monitoring: threshold), the speed limitation
(0x6080 / Max. motor speed) may become active before speed
monitoring.
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5.5 Motor control mode

The inverter supports different modes for closed-loop/open-loop motor control.

Parameter
Address Name / setting range / [default setting] Information
0x2C00 Motor control mode Selection of the motor control mode.
¢ Setting can only be changed if the inverter is
disabled.
1| Servoregelung (SC-PSM) This control mode is used for servo control of a synchronous motor.
» Servo control for synchronous motor (SC-PSM) 2133
A motor encoder must be connected to the inverter. This motor encoder
serves as a feedback system for engine control.
2| Servo control (SC ASM) This control mode is used for servo control of an asynchronous motor.
A motor encoder must be connected to the inverter. This motor encoder
is used as a feedback system for the motor control.
» Servo control for asynchronous motor (SC-ASM) 1134
3| Sensorless control (SL PSM)
4 | Sensorless vector control (SLVC) This control type is used for sensorless vector control of an
asynchronous motor.
» Sensorless vector control (SLVC) 1136
6 | V/f characteristic control (VFC open loop) This control mode is used for the speed control of an asynchronous

motor via a V/f characteristic and is the simplest control mode.
» V/f characteristic control for asynchronous motor (VFC open loop)
137

~

V/f characteristic control (VFC closed loop) | The control mode is used for speed control of an asynchronous motor
via a V/f characteristic with speed feedback.

A motor encoder must be connected to the inverter. This motor encoder
is used as a feedback system for the motor control.

The detailed description of each motor control type can be found in the chapter "Configuring
the motor control". 132
Supplementary chapters:

¢ Chapter "Configure feedback system for motor control" describes how to set resolvers or
sine/cosine encoders as motor feedback. 193

¢ Chapter "" describes how a higher-level control loop can be used as an actual value
feedback application for higher accuracy.
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6 Configure position control

This operating mode provides a fast position follower with speed, torque and feed force
feedforward control.

Typical applications for positioning are, for instance, transport facilities, feed drives and
dosing systems.

Preconditions

A positioning control is parameterised in the servo control types to be set. » 0x2C00
Configure one of these motor control types:

e 0x2CO00 = 1: Servo control for synchronous motor (SC-PSM) 133

e 0x2CO00 = 2: Servo control for asynchronous motor (SC-ASM) 11134

Further conditions are:

* The correct entry of the » Motor data (143

¢ The parameter setting of the motor control in chapter Configuring the motor control 11132

50



222 Configure position control

Basic setting

6.1 Basic setting

In the following, the steps required for configuring the position control are described.

1.

e wnN

Set the manufacturer spanning operating mode according to CiA 402.

- 0x6060: "CiA: Cyclic sync position (csp) [8]"

- Detailed description in » Operating mode "CiA 402 cyclic sync position mode (csp)"
54

Set the maximum motor speed: 0x6080

Set the rated motor torque: 0x6076

Set the positive torque limit: 0x60EQ

Set the negative torque limit: Ox60E1

The position control is now active and the inverter responds to the defined position setpoint.
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6.1.1

$0.0.0.0

Following error detection and in-position detection

The "following error detection" and "in-position detection" are functions of the position
control. All parameters correspond to the CiA 402 specification.

0x607A
Setpoint position

Interpolation

: 0x60FC 0x60FA
Unit »| Positi
_p_’lﬂd_‘( Setpoint position (internal) czs;':t:'(:I‘ Position controller: Output signal
0x6063 —P
Actual position
0x60C2 (internal)
Interpolation: time interval
0x6065 v

Following error: Window

0x6066 _|—>_|j:|_

Following error: Time monitoring

0x6067 v
Position: Window L)
0x6068 ’

0x60F4
Following error: Actual error

0x6041, bit13
CiA402 status word

0x6041, bit10
CiA402 status word

Position: Time monitoring "setpoint position reached"

Input data
Parameter Name Data type
0x607A Set position INTEGER_32
0x60FC Position demand internal value INTEGER_32
0x6062 Internal set position INTEGER_32
0x6065 Following error window UNSDIGNED_32
0x6066 Following error delay UNSIGNED_16
0x6067 Position reached window UNSIGNED_32
0x6068 Position reached delay UNSIGNED_16
Output data
Parameter Name Data type
0x6063 Internal actual position INTEGER_32
0x6064 Actual position INTEGER_32
0x60F4 Following error actual value INTEGER_32
O0x60FA Control effort INTEGER_32
0x6041 CiA status word UNSIGNED_16
Parameter
Address Name / setting range / [default setting] Information
0x6065 Following error window Setting of the symmetrical tolerance window around the setpoint
0...[1000] ... 4294967295 position for following error detection.
* 0= following error detection deactivated.
* >0 = following error detection activated.
« Afollowing error is detected if the actual position is outside this
tolerance window.
« If the following error is detected longer than the time defined in
0x6066 in [ms], bit 13 ("following error") is set in the CiA status word
(0x6041).
* 0x60F4 displays the current deviation of the actual position from the
setpoint position.
0x6066 Following error delay Setting of time delay for the following error detection.
0..[0]..0ms 0 = the following error is evaluated without a time delay.
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Basic setting
Interpolation

Address Name / setting range / [default setting] Information
0x6067 Position reached window Setting of the symmetrical tolerance window around the target position
0...[1000] ... 4294967295 (0x607A) for the target position detection.
If the actual position is within this tolerance window longer than the
time defined in 0x6068 in [ms], the target position is deemed to be
reached and bit 10 ("target position reached") is set in the CiA status
word (0x6041).
0x6068 Position reached delay Setting of time monitoring for the target position detection.
0..[0]..0ms 0 = the position in the target window is evaluated without a time delay.
6.1.2 Interpolation
Parameter
Address Name / setting range / [default setting] Information
0x60C0 Interpolation mode Setting of the interpolation mode.
-1 | Quadratic
0 |Linear
0x60C2:001 Interpolation time: Interpolation time mantissa Basic multiplier for the interpolation time mantissa.
0..[1]...255
0x60C2:002 Interpolation time: Interpolation time exponent Interpolation time exponent
-128 ... [-3] ... 63
t = 0x60C2 : 001 x 10/7X60C2002)

t=1x10" s=0.001s=1ms
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Operating mode "CiA 402 cyclic sync position mode (csp)"
Default mapping

6.2 Operating mode "CiA 402 cyclic sync position mode (csp)"

Subfunctions of the operating mode

¢ Interpolation between communication cycle and control cycle
e Position control

¢ Speed control

¢ Torque control

¢ Update of the actual values for position, speed and torque

6.2.1 Default mapping

The default mapping for the "cyclic sync position mode" is defined in the following

parameters:

Parameter Designation Data type
0x1600 RPDO-->axis: cyclic sync position mode (csp) RECORD
0x1606 RPDO-->axis: torque limit RECORD
0x1A00 Axis-->TPDO: cyclic sync position mode (csp) RECORD

Data received from the Controller (RPDO)

Parameter Designation Data type
0x6040 CiA402 control word UNSIGNED_16
0x2830 Lenze control word UNSIGNED_16
0x6060 Operating mode: selection INTEGER_8
0x60B2 Torque: offset INTEGER_16
0x607A Position: setpoint position INTEGER_32
0x60B1 Velocity: offset INTEGER_32
0x2902 Speed controller: load | component INTEGER_16
0x60EOQ Torque: positive limit value UNSIGNED_16
0x60E1 Torque: negative limit value UNSIGNED_16
Data sent to the Controller (TPDO)

Parameter Designation Data type
0x6041 CiA402 status word UNSIGNED_16
0x2831 Lenze status word UNSIGNED_16
0x6061 Operating mode: display INTEGER_8
0x603F Error code UNSIGNED_16
0x606C Velocity: actual velocity UNSIGNED_16
0x6077 Torque: actual torque INTEGER_16
0x6064 Position: actual position INTEGER_32
0x60F4 Following error: actual error INTEGER_32
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6.2.2 Signal flow

Interpolation

Target position

Negative torque limit value e—
Speed ctrl.: Load | component

Velocity offset o—'_’IQA‘(

Torque offset J

Configure position control
Operating mode "CiA 402 cyclic sync position mode (csp)"

—
EtherCAT. ™
Positive torque limit value e——

Signal flow

Field-orientated

Position Spee Speed
controller limita controller
N —
= =
—|_ = = Torque
limitation control
PN

N Position actual value

Encoder

evaluation

fmm|

L / N

q
N Velocity actual value

!

Torque actual value
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Operating mode "CiA 402 cyclic sync position mode (csp)"
Signal flow

Overview of the most important parameters

Function Icon Parameter Name
Input data A 0x6040 CiA control word
0x2830 Inverter control word
0x6060 CiA: Operation mode
0x607A Set position
0x60B1 Offset speed
0x60B2 Offset torque
0x60EQ Positive torque limit
0x60E1 Negative torque limit
0x2902 | component load value
Output data NN 0x6041 CiA status word
0x2831 Inverter status word
0x6061 CiA: Active operation mode
0x6064 Actual position
0x606C Actual speed
0x6077 Actual torque
Interpolation 0x60C0 Interpolation mode
0x60C2:001 Interpolation time
0x60C2:002 Interpolation time
Position controller 0x2980 Position controller gain
0x2981 Position controller gain adaption
0x2982 Position controller output signal limitation
0x2983 Actual position start value
0x2984 Mode for setting the actual position
0x2986 Resulting gain adaption
Speed limitation % 0x6080 Max. motor speed
Speed controller 0x2900:001 Gain
0x2900:002 Reset time
0x2900:003 Rate time
0x2901 Speed controller gain adaption
0x2902 | component load value
Torque limitation N 0x60EQ Positive torque limit
— 0x60E1 Negative torque limit
0x6076 Rated motor torque
0x6072 Max. torque
Field-oriented control 0x6073 Max. current
0x6075 Rated motor current
0x2941 Current controller feedforward control
0x2942:001 Current controller parameters
Gain
0x2942:002 Current controller parameters
Reset time
0x29E2 DC-bus filter time
0x29E3 Motor voltage filter time
0x29E0:001 Field weakening controller settings
Gain (ASM)
0x29E0:002 Field weakening controller settings
Reset time (ASM)
0x29E1 Field weakening controller Field limitation
0x29C0:001 Field controller settings
Gain
0x29C0:002 Field controller settings
Reset time
0x2939 Switching frequency
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TR, Control commands and status information
th‘;r

6.2.3 Control commands and status information

The following control commands can be executed via the CiA 402 control word 0x6040:

Control word State | Function

Bit 4 0 | reserved (bit must be set to "0".)
Bit 5 0| reserved (bit must be set to "0".)
Bit 6 0 | reserved (bit must be set to "0".)
Bit 8 01| Stop

The following status information is output via the CiA402 status word 0x6041:

Status word
Bit 12

State | Meaning

0| Operating mode is inactive.

1| The drive follows the setpoint selection.
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60!)135

6.3 Process input data (CiA 402 objects)

Parameter

Address Name / setting range / [default setting]

Information

0x6060 CiA: Operation mode

CiA: Operation mode

-13| MS: Manual jog open loop (MOL)

Manufacturer-specific manual control
» Operation mode "Manual Jog" (0232

-12 | MS: Pole position identification (PPI)

Manufacturer-specific pole position identification (PLI)
» Synchronous motor: Pole position identification (PPI) 116
» Selection of the PPI method for CiA mode 0117

No selection

No selection

CiA: Cyclic sync position (csp)

0
2| CiA: Velocity mode (vl)
8
9

CiA: Cyclic sync velocity mode (csv)

10 | CiA: Cyclic sync torque mode (cst)

0.0...[100.0] ... 3276.7 %

0x607A Set position Setting of the set position.
-2147483648 ... [0] ... 2147483647

0x60B1 Offset speed Additive value for setpoint velocity or velocity feedforward control -
-2147483648.00 ... [0.00] ... 2147483647.00 rpm offset speed.

0x60B2 Offset torque Offset torque
-3276.8...[0.0] ... 3276.7 % + 100 % = rated motor power (0x6076)

0x60E0 Positive torque limit Positive torque limit source for speed control with torque limitation.
0.0...[100.0] ... 3276.7 % « 100 % = Rated motor torque 0x6076

0x60E1 Negative torque limit Negative torque limit source for speed control with torque limitation.

* 100 % = Rated motor torque 0x6076
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Wy

6.4 Process output data (CiA 402 objects)

Parameter
Address Name / setting range / [default setting] Information
0x6064 Actual position Display of the actual position.
¢ Read only
0x6077 Actual torque Display of the actual torque.
¢ Read only: x.x % ¢ 100 % = Rated motor torque 0x6076
0x60F4 Following error actual value Display of the current following error.
e Read only
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Monitoring the position error

6.5 Monitoring the position error

Position error monitoring can be used for the following control modes:
¢ Servo control for synchronous motor (SM), 0x2C00 = [1]
* Servo control for asynchronous motor (ASM), 0x2C00 = [2]

Following error monitoring is effective in an operating mode with position controller. The
system deviation (i. e. the following error) is compared to the following error tolerance set at
the input of the position controller (see red arrow in the figure below).

EtherCAT. ™

Positive torque limit value e——
Negative torque limit value e—
Speed ctrl.: Load | component ¢

Position Speed Speed

. controller limitation controller
Interpolation
N

Target position e——» —»9—>|: 4 BN || =g b
Velocity offset o—l_’lé _‘ - - Torque Field-orientated

Torque offset J limitation control
Y PN lq |
L] / N\ : 4

s Position actual value s Velocity actual value Torque actual value

Encoder
evaluation

i

The error response set in 0x2D51:006 is executed if ...
1. the following error tolerance set in 0x2D51:004 is exceeded and ...
2. the exceedance lasts at least as long as set in 0x2D51:005.

Parameter

Address Name / setting range / [default setting] Information

0x2D51:004 Position error/speed error - monitoring: Position error |Setting of the error threshold for position error monitoring.
- error threshold
1...[360] ...2147483647 °
0x2D51:005 Position error/speed error - monitoring: Position error |Setting of the minimum time a position error must be pending until an
- min. time for error error/warning message is triggered.

0..[0]..50ms

0x2D51:006 Position error/speed error - monitoring: Position error | Setting of the error response of position error monitoring.
- error response

0| No response
Fault > CiA402
2 | Warning

[y

0x2922:001 Following error diagnostics: Following error (interval) - | Time interval for determining the following error.
Time

10 ... [1000] ... 65535 ms
0x2922:002 Following error diagnostics: Following error (interval) - | Mean value in the time interval
Mean value

e Read only: x.xx °

0x2922:003 Following error diagnostics: Following error (interval) - | Maximum value in the time interval
Maximum value
* Read only: x.xx °

0x2922:004 Following error diagnostics: Following error (manual) - | Determination of the following error between manually specified start/
Start/Stop stop command.

0| Stop
1|Start
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Address Name / setting range / [default setting] Information

0x2922:005 Following error diagnostics: Following error (manual) - | Mean value between "start" and "stop"
Mean value
¢ Read only: x.xx °

0x2922:006 Following error diagnostics: Following error (manual) - | Maximum value between "start" and "stop"
Maximum value
¢ Read only: x.xx °

0x2922:007 Following error diagnostics: Following error Mean value between "standstill" and "standstill" of the drive (< 5 rpm)
(standstill-standstill) - Mean value The value is automatically updated when the speed drops below 5 rpm
¢ Read only: x.xx ° again.

0x2922:008 Following error diagnostics: Following error Maximum value between "standstill" and "standstill" of the drive

(standstill-standstill) - Maximum value
¢ Read only: x.xx °

(< 5 rev./min)
The value is automatically updated when the speed drops below 5 rpm
again.
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Position detection with touch probe (TP)
Default mapping e

6.6 Position detection with touch probe (TP)

A "touch probe" (short: "TP") is an event that can be triggered, for instance via a digital input
in an edge-controlled manner to detect and further process an actual value (which is changing
fast) at the triggering time.

¢ Typical applications for touch probes:
- Homing
- Mark synchronisation
- Length measurements
¢ Up to 2 touch probe channels can be used in parallel.
¢ Possible touch probe sources:
- TP1: Zero pulse position encoder or digital input DI1
- TP2: Zero pulse position encoder or digital input DI2

The digital inputs DI1 and DI2 can be additionally evaluated any time as "normal"
digital inputs via Ox60FD.

6.6.1 Default mapping

The default mapping for a touch probe detection is defined in the following parameters:

Parameter Designation Data type
0x1604 RPDO-->axis: touch probe (TP) RECORD
0x1A04 Axis-->TPDO: touch probe (TP) RECORD

Data received from the Controller (RPDO)
Parameter Designation Data type
0x60B8 Touch probe control word UNSIGNED_16

Data sent to the Controller (TPDO)

Parameter Designation Data type
0x60B9 Touch probe status word UNSIGNED_16
0x60BA TP1: actual position - rising edge INTEGER_32
0x60BB TP1: actual position - falling edge INTEGER_32
0x60BC TP2: actual position - rising edge INTEGER_32
0x60BD TP2: actual position - falling edge INTEGER_32
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6.6.2 General mode of operation

If an event occurs at the configured touch probe source, a time stamp is detected in the servo
inverter.

The detected time stamp is related to the system time and can thus be divided into two parts:
One part is the control cycle in which the of the event. The other part is the time difference
starting from the detected control cycle to the real detection of the event

Thanks to a history buffer, the servo inverter knows the last n position values. Thus, the actual
position is known at the start and at the end of the control cycle in which the event has
occurred. A linear interpolation takes place between these two position grid points. The result
is the exact position at the motor shaft at the time the event is triggered, see the schematic
diagram:

Position )
A Event received
¥ ——
W "
|
—_— | t1 : :
l——1
| |
! 250 us -
| i .
Tt
t;: Time difference starting from the detected control cycle to the real detection of the event
P...: Actual position grid point 1
P.: Actual position grid point 2
The position grid points are detected in the servo inverter in a grid of 250 ps. After a touch
probe has been triggered, the input is deactivated for up to 250 ps to avoid bouncing. Thus,
the maximum frequency for touch probe triggering is 4 kHz.
If in contrast to the uniform movement given in the figure, an accelerated movement is taken
as a basis, the 250 ps grid also allows for a very good linear position reconstruction because
the speed change at the motor shaft only has a marginal impact in 250 ps.
6.6.3 Filtering of the touch probe signal
For the touch probe inputs, a common filter time (debounce time) can be parameterised to
debounce the TP signals so that there is no response to external interfering signals.
¢ The signal status of the debouncing filter is detected at the TP input and a new value is
added to the filter.
¢ A separate setting for a touch probe is not possible. Thus, the filter time is set for all touch
probe inputs.
Parameter
Address Name / setting range / [default setting] Information
0x2500 Touch probe filter time The set filter time is automatically taken into account in the touch probe

0...[0]...1984 calculation.
The setting "0" deactivates the filter.

Note!

Values can be set directly. When entering a filter time between

0 ... 1984 ps, the value is automatically rounded down internally to the
next value that can be set and is shown in the case of read requests.
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Position detection with touch probe (TP)
Compensation of runtime delays

6.6.4 Compensation of runtime delays

In reality, both the input circuit in the servo inverter and the touch probe sensor have runtime
delays (latencies) themselves. These can be taken into account in the calculation of the real
trigger time and thus the real position at the trigger time.

In the following figure, the event is detected in the servo inverter at the time 2. Due to the
input circuit and the sensor used, the signal runtime, however, has been delayed. The real
physical event has already occurred at time (D). For compensating this runtime delay, you can
set a corresponding delay time for each touch probe channel that is included in the
determination of the control cycle and interpolation of the position, see figure in chapter
"General mode of operation". 63

Position .
A Event received

|
|
Delay time |
|
|

v

o) 0) '

"Delay time":  Delay time between the real physical event and the electrical detection.
@ Real physical event
@ Electrical detection of the event in the servo inverter

Delay times of the digital input and the required minimum signal duration

The following table lists the typical delay times and the required minimum signal durations for
the digital inputs of the servo inverter:

Digital signal Typical delay time Minimum signal duration

Rising edge (HIGH pulse) 4 us 4 pus

Falling edge (LOW pulse) 4 us 4 s

Parameter

Address Name / setting range / [default setting] Information

0x2D00:001 Touch probe (TP) delay time: Touch probe 1 delay Setting of the delay time for touch probe 1.
time
0.000 ... [0.000] ... 7.000 ms

0x2D00:002 Touch probe (TP) delay time: Touch probe 2 delay Setting of the delay time for touch probe 2.
time
0.000 ... [0.000] ... 7.000 ms
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6.6.5 Touch probe control word

Control words for configuring the touch probe functionality.

e CiA control word (Touch probe 1/2): » 0x60B8
» Extended control word (Touch probe 3/4, manufacturer-specific): 0x2D02:001

Parameter
Address Name / setting range / [default setting] Information
0x60B8 Touch probe settings Control word for configuring the touch probe settings.
0x0000 ... [0x0000] ... OXFFFF
Bit 0| TP1 enable 0: deactivate touch probe channel 1.
1: activate touch probe channel 1.
Bit 1|TP1 continous trigger Event for touch probe channel 1
0: only detect the first event.
1: detect all events.
Bit 2| TP1 trigger with zero pulse Source for touch probe channel 1

o

: digital input 1
zero pulse position encoder

1:
Bit 4|TP1 enable pos. edge 0: deactivate scanning.
Bit 5|TP1 enable neg. edge 1: activate scanning.
Bit 8|TP2 enable 0:

deactivate touch probe channel 2.
1: activate touch probe channel 2.

Bit 9| TP2 continous trigger Event for touch probe channel 2
0: only detect the first event.
1: detect all events.

Bit 10| TP2 trigger with zero pulse Source for touch probe channel 2
0: digital input 2
1: zero pulse position encoder

Bit 12|TP2 enable pos. edge 0: deactivate scanning.
Bit 13 |TP2 enable neg. edge 1: activate scanning.

6.6.6 Touch probe status word

Status words of the touch probe functionality.
* CiA status word(Touch probe 1/2): » 0x60B9
» Extended status word (Touch probe 3/4, manufacturer-specific): 0x2D02:002

Parameter
Address Name / setting range / [default setting] Information
0x60B9 Touch probe status Status of the touch probe functionality.
¢ Read only
Bit 0|TP1 active 0: touch probe channel 1 deactivated.
1: touch probe channel 1 activated.
Bit 1|TP1 pos. edge detected 0: position not detected.
Bit 2| TP1 neg. edge detected 1: position detected.
Bit 6|TP1 level at enable start Level for detection via touch probe channel 1
0: LOW level
1: HIGH level
Bit 8 |TP2 active 0: touch probe channel 2 deactivated.
1: touch probe channel 2 activated.
Bit 9|TP2 pos. edge detected 0: position not detected.
Bit 10|TP2 neg. edge detected 1: position detected.
Bit 14| TP2 level at enable start Level for detection via touch probe channel 2
0: LOW level
1: HIGH level
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6.6.7 Detected time stamp and positions

In case of the "continuous touch probe configuration", a newly detected value
overwrites the previously detected value.

Parameter

Address Name / setting range / [default setting] Information

0x60BA Touch probe 1: Position at pos. edge Touch probe 1: Position at pos. edge
« Read only

0x60BB Touch probe 1: Position at neg. edge Touch probe 1: Position at neg. edge
¢ Read only

0x60BC Touch probe 2: Position at pos. edge Touch Probe 2: Position at pos. edge
¢ Read only

0x60BD Touch probe 2: Position at neg. edge Touch probe 2: Position at neg. edge
e Read only

0x2D01:001 Touch probe (TP) time stamp: Touch probe 1-rising Display of the time stamp of the rising edge for touch probe 1.
edge time stamp
e Read only: x ns

0x2D01:002 Touch probe (TP) time stamp: Touch probe 1-falling Display of the time stamp of the falling edge for touch probe 1.
edge time stamp
¢ Read only: x ns

0x2D01:003 Touch probe (TP) time stamp: Touch probe 2-rising Display of the time stamp of the rising edge for touch probe 2.
edge time stamp
* Read only: x ns

0x2D01:004 Touch probe (TP) time stamp: Touch probe 2-falling Display of the time stamp of the falling edge for touch probe 2.
edge time stamp
¢ Read only: x ns
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6.7 Setpoint diagnostics

The following parameters provide information on the setpoints set for position control.

Parameter

Address Name / setting range / [default setting] Information

0x6062 Internal set position Display of the interpolated internal set position for the position control.
¢ Read only

0x6063 Internal actual position Display of the actual position in the internal unit.
¢ Read only

0x60FC Position demand internal value Display of the interpolated setpoint position for the position control in
 Read only the internal unit.

O0x60FA Control effort Display of the actuating signal (setpoint speed) of the position controller.
e Read only: rpm
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7 Configure speed control

Two operating modes are available for configuring the speed control:
¢ Operating mode "CiA 402 velocity mode (vl)" ca70

Here, a speed-controlled movement of the drive is realised by defining a speed setpoint.
¢ Operating mode "CiA 402 cyclic sync velocity mode (csv)" 77

This operating mode provides a fast speed follower with torque/feed force feedforward
control.

The conditions are a correct entry of the motor data (Motor data) and the parameter setting
of the motor control (Configuring the motor control).
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Basic setting

7.1 Basic setting

The following describes the steps required for configuring the speed control.

1. 0x6060Set the manufacturer spanning operating mode "CiA: Velocity mode (vl) [2]" or

"CiA: Cyclic sync velocity mode (csv) [9]".

- Adetailed description of the "CiA: Velocity mode (vl)" operating mode can be found in
the section Operating mode "CiA 402 velocity mode (vl)" . &1 70

- A detailed description of the "CiA: Cyclic sync velocity mode (csv)" operating mode can
be found in the section Operating mode "CiA 402 cyclic sync velocity mode (csv)" .
@77

Set the maximum motor speed in Max. motor speed. » 0x6080

Set the rated motor torque in Rated motor torque. » 0x6076

Set the positive torque limit. » Ox60EOQ

e wN

Set the negative torque limit. » Ox60E1

The speed control is now active and the inverter responds to the speed setpoint.
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7.2 Operating mode "CiA 402 velocity mode (vl)"

Selection of the operating mode

The "speed" operating mode is selected with the setting "2" in 0x6060.

7.2.1 Default mapping

The default mapping for the "Speed" operating mode is defined in the following parameters.

Parameter Designation Data type
0x1603 RPDO-->axis: Velocity mode (vl) RECORD
0x1A03 Axis-->TPDO: Velocity mode (vl) RECORD

Data received from the Controller (RPDO)

Parameter Designation Data type
0x6040 CiA402 control word UNSIGNED_16
0x2830 Lenze control word UNSIGNED_16
0x6060 Operating mode: selection INTEGER_8
0x6042 Velocity: setpoint velocity vl INTEGER_8

Data sent to the Controller (TPDO)

Parameter Designation Data type
0x6041 CiA402 control word UNSIGNED_16
0x2831 Lenze control word UNSIGNED_16
0x6061 Operating mode: display INTEGER_8
0x603F Error code UNSIGNED_16
0x6044 Velocity: actual velocity vl INTEGER_8
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7.2.2 Signal flow (servo control)
—
EtherCAT.
Positive torque limit value &—
Negative torque limit value e—
Ramp Speed Speed
function limitation controller
vl target velocity & I/\ =" L
7 Torque Field-orientated
Interpolation vl velocity limitation control
demand N =/ (-
Torque offset e&——>| £ = Z L
N vl velocity actual value Torque actual value
Encoder
evaluation

o
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Operating mode "CiA 402 velocity mode (vl)"
Signal flow (servo control)

Overview of the most important parameters

Function Icon Parameter Name

Input data A 0x6040 CiA control word
0x2830 Inverter control word
0x6060 CiA: Operation mode
0x6042 Set speed
0x60B2 Offset torque
0x60EQ Positive torque limit
0x60E1 Negative torque limit

Output data NN 0x6041 CiA status word
0x2831 Inverter status word
0x6061 CiA: Active operation mode
0x6043 Internal set speed
0x606C Actual speed
0x6077 Actual torque

Interpolation 0x60C0 Interpolation mode
0x60C2:001 Interpolation time
0x60C2:002 Interpolation time

Ramp function 0x6048:001 CiA acceleration: Delta speed
0x6048:002 CiA acceleration: Delta time
0x6049:001 CiA deceleration: Delta speed
0x6049:002 CiA deceleration: Delta time

Speed limitation 0x6080 Max. motor speed

=
Speed controller 0x2900:001 Gain

0x2900:002 Reset time

0x2900:003 Rate time

0x2901 Speed controller gain adaption

0x2902 | component load value

Torque limitation N 0x60EQ Positive torque limit
— 0x60E1 Negative torque limit
0x6076 Rated motor torque
0x6072 Max. torque
Field-oriented control 0x6073 Max. current

0x6075 Rated motor current

0x2941 Current controller feedforward control

0x2942:001 Current controller parameters
Gain

0x2942:002 Current controller parameters
Reset time

0x29E2 DC-bus filter time

0x29E3 Motor voltage filter time

0x29E0:001 Field weakening controller settings
Gain (ASM)

0x29E0:002 Field weakening controller settings
Reset time (ASM)

0x29E1 Field weakening controller Field limitation

0x29C0:001 Field controller settings
Gain

0x29C0:002 Field controller settings
Reset time

0x2939 Switching frequency

72



$0-0.0.0

Signal flow (V/f characteristic control)

Configure speed control

Operating mode "CiA 402 velocity mode (vl)"
Signal flow (V/f characteristic control)

DC-injection braking

Flying restart process

+[0

PWM

_I_.m@

7.2.3
Slip compensation
p——
T Load V/f
adjustment characteristic
Ramp Speed Current Frequency A N : C
function limitation  limitation limitation / N
vl target velocity 2N R , R , | R ,
*—> — —> —>(‘)—> *
Oscillation
vl velocity demand damping — Current demand value
I is limited
vl velocity actual value | 77—

L Current actual value
Voltage actual value

— Qutput frequency
actual value
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Operating mode "CiA 402 velocity mode (vl)"
Signal flow (V/f characteristic control)

Short overview of the most important parameters

Function Parameter Designation
Input data 0x6040 CiA402 control word
° 0x2830 Lenze control word
0x6060 Operating mode: selection
0x6042 Velocity: setpoint velocity vl
Output data 0x6041 CiA402 control word
~— 0x2831 Lenze status word
0x6061 Operating mode: display
0x6043 Velocity: interpolated setpoint velocity vl
0x606C Velocity: actual velocity
0x6078 Motor: actual current
0x2D82 Motor: actual voltage - Vrms, phase-phase
0x2DDD Device: actual output frequency
Ramp function 0x6048:001 Ramp: speed interval (for acceleration)
0x6048:002 Ramp: time interval (for acceleration)
0x6049:001 Ramp: speed interval (for deceleration)
0x6049:002 Ramp: time interval (for deceleration)
Speed limitation 0x6080 Motor: max. speed

Slip compensation 0x2B09:001 VFC: slip compensation - influence
N—r 0x2B09:002 VFC: slip compensation - filter time
Current limitation 0x2B08:001 Gain
~ . -
= 0x2B08:002 Reset time
0x6073 Max. current
Oscillation damping 0x2BO0A:001 VFC: oscillation damping - gain
N—r 0x2B0A:002 VFC: oscillation damping - filter time
0x2B0A:003 VFC: oscillation damping - limitation
0x2BO0A:004 VFC: oscillation damping - ramp end frequency
Load adjustment 0x2B07:001 VFC: load adjustment - direction of rotation
N 0x2B07:002 VFC: load adjustment - value
V/f characteristic 0x2B01:001 VFC: V/f characteristic - voltage in the reference
~
0x2B01:002 VFC: V/f characteristic - frequency in the
reference point
0x2B06 VFC: voltage boost
0x2B04 VFC: voltage vector control - setpoint current
0x2B00 VFC: V/f characteristic - form
0x2B02:001 VFC: user-definable V/f characteristic
* Frequency grid points (x1 ... x11)
0x2B02:011
0x2B03:001 VFC: user-definable V/f characteristic
* Voltage grid points (y1 ... y11)
0x2B03:011
DC-injection braking 0x2B80 DC-injection braking: current

6 A more detailed representation of the signal flow with all relevant parameters can

be found in the »PLC Designer« on the signal flow tab for the servo inverter.
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Overview of the most important parameters

Configure speed control

Operating mode "CiA 402 velocity mode (vl)"
Signal flow (V/f characteristic control)

Function Icon Parameter Name
Input data A 0x6040 CiA control word
0x2830 Inverter control word
0x6060 CiA: Operation mode
0x6042 Set speed
Output data NN 0x6041 CiA status word
0x2831 Inverter status word
0x6061 CiA: Active operation mode
0x6043 Internal set speed
0x606C Actual speed
0x6078 Actual current
0x2D82 Motor actual voltage (Veff)
0x2DDD Output frequency
Ramp function 0x6048:001 Acceleration ram
P CiA acceleration: ‘E)elta speed
0x6048:002 Acceleration ramp
CiA acceleration: Delta time
0x6049:001 Deceleration ramp
CiA deceleration: Delta speed
0x6049:002 Deceleration ramp
CiA deceleration: Delta time
Speed limitation % 0x6080 Max. motor speed
Slip compensation % 0x2B09:001 Slip compensation
Gain
0x2B09:002 Slip compensation
Filter time
Current limitation | 0x2B08:001 V/f Imax controller
ZEmY Gain
0x2B08:002 V/f Imax controller
Reset time
0x6073 Max. current
Oscillation damping % 0x2BOA:001 Oscillation damping
Gain
0x2B0A:002 Oscillation damping
Filter time
0x2B0A:003 Oscillation damping
Limitation
0x2BO0A:004 Oscillation damping
Final ramp frequency
Load adaptation N 0x2B07:001 Load adaption
_ Direction of rotation
0x2B07:002 Load adaption
Load adaption value
V/f characteristic 0x2B01:001 V/f shape data
! Bgse voﬁtage
0x2B01:002 V/f shape data
Base frequency
0x2B06 Voltage boost
0x2B04 V/f boost controller - current setpoint
0x2B00 V/f characteristic shape
Frequency grid points (x) user V/f characteristic
0x2B02:001 x1 =f01
0x2B02:011 x11 =11
Voltage grid points (y) user V/f characteristic
0x2B03:001 y1=U01 (x = fo1)
0x2B03:011 y1l1l=U11 (x = f11)
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Operating mode "CiA 402 velocity mode (vl)"
Setpoint factor

Function Icon Parameter Name

DC-injection braking * 0x2B80 Current for DC-injection braking

7.24 Setpoint factor

Parameter
Address Name / setting range / [default setting] Information
0x604B:001 vl set-point factor: vl set-point factor numerator
-32768 ... [1] ... 32767
0x604B:002 vl set-point factor: vl set-point factor denominator
-32768 ... [1] ... 32767
7.25 Dimension factor
Parameter
Address Name / setting range / [default setting] Information
0x604C:001 vl dimension factor: vl dimension factor numerator
-2147483648 ... [1] ... 2147483647
0x604C:002 vl dimension factor: vl dimension factor denominator
-2147483648 ... [1] ... 2147483647




"nnnn

Configure speed control
Operating mode "CiA 402 cyclic sync velocity mode (csv)"
Default mapping

7.3 Operating mode "CiA 402 cyclic sync velocity mode (csv)"

This operating mode provides a fast velocity follower with torque/feed force feedforward
control.

Subfunctions of the operating mode

.

.

Interpolation between communication cycle and control cycle
Speed control

Limitation of the motor speed

Update of the actual values for position, velocity and torque

7.3.1 Default mapping

The default mapping for the cyclic sync velocity mode (csv)" is defined in the following

parameters.

Parameter Designation Data type
0x1602 RPDO-->axis: cyclic sync velocity mode (csv) RECORD
0x1606 RPDO-->axis: torque limit RECORD
0x1A02 Axis-->TPDO: cyclic sync velocity mode (csv) RECORD

Data received from the Controller (RPDO)

Parameter Designation Data type
0x6040 CiA402 control word UNSIGNED_16
0x2830 Lenze control word UNSIGNED_16
0x6060 Operating mode: selection INTEGER_8
0x60B2 Torque: offset INTEGER_16
Ox60FF Velocity: setpoint velocity INTEGER_32
0x60EQ Torque: positive limit value UNSIGNED_16
0x60E1 Torque: negative limit value UNSIGNED_16
Data sent to the Controller (TPDO)

Parameter Designation Data type
0x6041 CiA402 status word UNSIGNED_16
0x2831 Lenze status word UNSIGNED_16
0x6061 Operating mode: display INTEGER_8
Ox603F Error code UNSIGNED_16
0x606C Velocity: actual velocity UNSIGNED_16
0x6077 Torque: actual torque INTEGER_16
0x6064 Position: actual position INTEGER_32
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Operating mode "CiA 402 cyclic sync velocity mode (csv)"
Signal flow (servo control)

7.3.2 Signal flow (servo control)

—
EtherCAT.

Limit value:
Positive torque &——

$0-0.0.0

Negative torque e—
ISpeed Speed
. imitation
Interpolation controller
Velocity offset | ﬂ —>—> L
Torque offset o I/IA‘( - Torque Field-orientated
limitation control
e , [
L — JA= I
kP’osition actual value ¢ ¢

&» Velocity actual value

Encoder
evaluation

Torque actual value

g
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Overview of the most important parameters

Configure speed control

Operating mode "CiA 402 cyclic sync velocity mode (csv)"
Signal flow (servo control)

Function Icon Parameter Name
Input data A 0x6040 CiA control word
0x2830 Inverter control word
0x6060 CiA: Operation mode
O0x60FF Set speed
0x60B1 Offset speed
0x60B2 Offset torque
0x60EQ Positive torque limit
0x60E1 Negative torque limit
Output data NN 0x6041 CiA status word
0x2831 Inverter status word
0x6061 CiA: Active operation mode
0x6064 Actual position
0x606C Actual speed
0x6077 Actual torque
Interpolation 0x60C0 Interpolation mode
0x60C2:001 Interpolation time
0x60C2:002 Interpolation time
Speed limitation % 0x6080 Max. motor speed
Speed controller 0x2900:001 Gain
0x2900:002 Reset time
0x2900:003 Rate time
0x2901 Speed controller gain adaption
0x2902 | component load value
Torque limitation 0x60EQ Positive torque limit
0x60E1 Negative torque limit
0x6076 Rated motor torque
0x6072 Max. torque
Field-oriented control |QJAI 0x6073 Max. current
. 0x6075 Rated motor current
0x2941 Current controller feedforward control
0x2942:001 Current controller parameters
Gain
0x2942:002 Current controller parameters
Reset time
0x29E2 DC-bus filter time
0x29E3 Motor voltage filter time
0x29E0:001 Field weakening controller settings
Gain (ASM)
0x29E0:002 Field weakening controller settings
Reset time (ASM)
0x29E1 Field weakening controller Field limitation
0x29C0:001 Field controller settings
Gain
0x29C0:002 Field controller settings
Reset time
0x2939 Switching frequency
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Configure speed control
Operating mode "CiA 402 cyclic sync velocity mode (csv)"
Signal flow (V/f characteristic control)

733 Signal flow (V/f characteristic control)

DC-injection braking

-

Slip compensation
p——
Load V/f

Zamn c
adjustment  characteristic
p—

Speed Current Frequency ~— | PWM
Interpolation limitation limitation limitation r 4 N M , :

Target velocity
y N A I N N ]
/TN N N L
Oscilla_tion L Current actual value
damping Eu”rrr:ir;;gemand value — Voltage actual value
N — Output frequency
_ actual value

Velocity actual value | ——

80



222 Configure speed control

Operating mode "CiA 402 cyclic sync velocity mode (csv)"
Signal flow (V/f characteristic control)

Overview of the most important parameters

Function Icon Parameter Name
Input data A 0x6040 CiA control word
0x2830 Inverter control word
0x6060 CiA: Operation mode
0x6042 Set speed
Output data NN 0x6041 CiA status word
0x2831 Inverter status word
0x6061 CiA: Active operation mode
0x606C Actual speed
0x6078 Actual current
0x2D82 Motor actual voltage (Veff)
0x2DDD Output frequency
Interpolation 0x60C0 Interpolation mode
0x60C2:001 Interpolation time
0x60C2:002 Interpolation time
Speed limitation N~ 0x6080 Max. motor speed
7~
Slip compensation /] 0x2B09:001 Slip compensation
ZEmY Gain
0x2B09:002 Slip compensation
Filter time
Current limitation N 0x2B08:001 V/f Imax controller
N Gain
0x2B08:002 V/f Imax controller
Reset time
0x6073 Max. current
Oscillation damping N 0x2B0A:001 Oscillation damping
G Gain
0x2B0A:002 Oscillation damping
Filter time
0x2B0A:003 Oscillation damping
Limitation
0x2B0A:004 Oscillation damping
Final ramp frequency
Load adaptation ~ ] 0x2B07:001 Load adaption
_ Direction of rotation
0x2B07:002 Load adaption

Load adaption value

V/f characteristic :: 0x2B01:001 V/f shape data

Base voltage

0x2B01:002 V/f shape data

Base frequency
0x2B06 Voltage boost
0x2B04 V/f boost controller - current setpoint
0x2B00 V/f characteristic shape

Frequency grid points (x) user V/f characteristic
0x2B02:001 x1 =f01
0x2B02:011 x11 =11

Voltage grid points (y) user V/f characteristic
0x2B03:001 y1=U01 (x = fo1)
0x2B03:011 y11=U11 (x = f11)

DC-injection braking * 0x2B80 Current for DC-injection braking
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Operating mode "CiA 402 cyclic sync velocity mode (csv)"
Control commands and status information

7.3.4 Control commands and status information

The following control commands can be executed in the "cyclic sync velocity mode" via the
CiA402 control word (0x6040):

Control word State Function

Bit 4 0 reserved (bit must be set to "0")
Bit 5 0 reserved (bit must be set to "0")
Bit 6 0 reserved (bit must be set to "0")
Bit 8 01 Stop

The following status information are output via the CiA402 status word (0x6041) in the "cyclic
sync velocity mode":

Status word State Meaning
Bit 12 0 "Cyclic sync velocity mode" is inactive
1 "Cyclic sync velocity mode" is active
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Process input data (CiA 402 objects)

9

7.4 Process input data (CiA 402 objects)

Parameter
Address Name / setting range / [default setting] Information
0x6042 Set speed Set speed (velocity mode).
-32768 ... [0] ... 32767 rpm
0x6046:001 Speed limits: Min. speed Min. speed (velocity mode).
0...[0]...0rpm
0x6046:002 Speed limits: Max. speed Max. speed (velocity mode).
2147483647 ... [2147483647] ... 2147483647 rpm
0x6048:001 Acceleration ramp: CiA acceleration: Delta speed CiA acceleration: Delta speed
0...[0] ... 2147483647 rpm
0x6048:002 Acceleration ramp: CiA acceleration: Delta time CiA acceleration: Delta time
0...[10] ... 65535 s
0x6049:001 Deceleration ramp: CiA deceleration: Delta speed CiA deceleration: Delta speed
0...[0] ... 2147483647 rpm
0x6049:002 Deceleration ramp: CiA deceleration: Delta time CiA deceleration: Delta time
0...[10] ... 65535 s
0x6060 CiA: Operation mode CiA: Operation mode
-13 | MS: Manual jog open loop (MOL) Manufacturer-specific manual control
» Operation mode "Manual Jog" 1232
-12 | MS: Pole position identification (PPI) Manufacturer-specific pole position identification (PLI)
» Synchronous motor: Pole position identification (PPI) 116
» Selection of the PPI method for CiA mode 117
0| No selection No selection
2| CiA: Velocity mode (vl)
8| CiA: Cyclic sync position (csp)
9 | CiA: Cyclic sync velocity mode (csv)
10 | CiA: Cyclic sync torque mode (cst)
0x60B1 Offset speed Additive value for setpoint velocity or velocity feedforward control -
-2147483648.00 ... [0.00] ... 2147483647.00 rpm offset speed.
Ox60FF Set speed Setting of the set speed.
-2147483648.00 ... [0.00] ... 2147483647.00 rpm
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Process output data (CiA 402 objects)

7.5 Process output data (CiA 402 objects)

Parameter

Address Name / setting range / [default setting] Information

0x6043 Internal set speed Display of the internal set speed (velocity demand).
e Read only: x rpm

0x6044 Actual speed Display of the actual speed (velocity mode).
¢ Read only: x rpm

0x606C Actual speed Display of the actual speed.
* Read only: rpm
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Monitoring the speed deviation

Configure speed control

Monitoring the speed deviation

Monitoring of the speed deviation shall only be used in the following control modes:
¢ Servo control for synchronous motor (SM)

¢ Servo control for asynchronous motor (ASM)

Monitoring of the speed deviation is effective in the operating modes with speed controller. It
monitors the system deviation at the input of the speed controller (see blue arrow):

—
EtherCAT.
Torque: positive limit value e——
Torque: negative limit value e—
Ramp Speed Speed
function limitation controller
Setpoint velocity /aN A RSN e
| N — . .
Torque Field-oriented
Interpolation *Setpoint velocity limitation control
interpolated >\ lgf+~=sz
Torque: offset e—> f i 7 l4 : I
) !
k>Actua| position k» Actual velocity Actual torque
Encoder
evaluation

The error response set in 0x2D51:003 is executed if

1. the set tolerance of the speed deviation is 0x2D51:001 exceeded and
2. the exceedance lasts at least as long as set in 0x2D51:002.

Parameter
Address Name / setting range / [default setting] Information
0x2D51:001 Position error/speed error - monitoring: Speed error - |Setting of the error threshold for speed error monitoring.
error threshold
1...[50]...2147483647 rpm
0x2D51:002 Position error/speed error - monitoring: Speed error - |Setting of the minimum time a speed error must be pending until an
min. time for error error/warning message is triggered.
0...[0]...50 ms
0x2D51:003 Position error/speed error - monitoring: Speed error -

error response

Setting of the error response of speed error monitoring.

0| No response

[any

Fault > CiA402

N

Warning
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8 Configuring the torque control

This operating mode provides a fast torque follower with speed limitation.

Typical applications are, for instance, winders or packaging machines.

Preconditions

The conditions are a correct entry of the motor data (Motor data) and the parameter setting
of the motor control (Configuring the motor control).

A torque control can only be implemented in the motor control types to be set with 0x2C00:

¢ Servoregelung (SC-PSM) [1]
e Servo control (SC ASM) [2]

Thus, first one of these motor control types must be configured.
For details see the following chapter:
» Servo control for synchronous motor (SC-PSM) 11133

» Servo control for asynchronous motor (SC-ASM) 1134
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Configuring the torque control

Basic setting

8.1 Basic setting

1. Set the manufacturer spanning operating mode "CiA: Cyclic sync torque mode (cst) [10]"
according to CiA402.

- Adetailed description of this operating mode can be found in the "Operating mode
"CiA 402 cyclic sync torque mode (cst)"" section. 190

2. Set the rated motor torque. » 0x6076
3. Set the permissible maximum torque. » 0x6072
- The maximum torque is preset in 0x6072.

- The change of the positive and negative limit of the maximum torque is described in
the "Torque limits" section. 1188

4. Parameterise speed limit. 0x2946
- The maximum speed is preset. » 0x6080

- The change of the upper and lower speed limit is described in the "Speed limitation"
section. 189

5. Define a torque setpoint for the torque control instead of a speed setpoint. The value is
given in percent and based on the rated motor torque set in 0x6076.

The torque control with speed limitation is now active and the inverter responds to the
defined torque setpoint.
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Basic setting
Torque limits

8.1.1 Torque limits

Details

The positive and negative torque limit can be set independently of each other. The torque
limit must be set to the maximum torque. » 0x6072

Positive torque limit (0x2949:001)

A Torque

Q2: Regenerating Q1: Motoring

Torque positive Torque positive

Speed negative Speed positive

- '
Speed

Q3: Motoring Q4: Regenerating

Torque negative Torque negative

Speed negative Speed positive

Negative torque limit (0x2949:002)

* Display of the current positive torque limit in 0x2949:004.
« Display of the current negative torque limit in 0x2949:003.

The torque limits are also active in the "Velocity Mode" with the "Servo control (SC-ASM)"
motor control mode.

Regardless of the setting in 0x2949:004 and 0x2949:004, the maximum torque does
not exceed the value configured in 0x6072.

The setting is made in percent with reference to the rated motor torque set in 0x6076.

Parameter

Address Name / setting range / [default setting] Information

0x294A:001 Torque limits offset: Torque offset
-3276.7 ... [0.0] ... 3276.7 %

0x294A:002 Torque limits offset: Resulting positive torque limit
¢ Read only: x.x %

0x294A:003 Torque limits offset: Resulting negative torque limit
* Readonly: x.x %

0x60B2 Offset torque Offset torque
-3276.8...[0.0] ... 3276.7 % + 100 % = rated motor power (0x6076)

0x60E0 Positive torque limit Positive torque limit source for speed control with torque limitation.
0.0...[100.0] ... 3276.7 % « 100 % = Rated motor torque 0x6076

0x60E1 Negative torque limit Negative torque limit source for speed control with torque limitation.
0.0...[100.0] ... 3276.7 % ¢ 100 % = Rated motor torque 0x6076
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Speed limitation

Configuring the torque control

Basic setting
Speed limitation

The torque control controls the assigned torque setpoint within the set speed limits. The
actual speed results from the load conditions of the application. For example, high speeds
may occur in a torque control if no counter torque is available (load-free machine).

When the actual speed reaches the set speed limits, it is kept on the respective limit value.
This function is also called "speed limitation".

Details

The lower and upper speed limit for speed limitation can be set independently of each other.

Parameter

Address Name / setting range / [default setting] Information

0x2946:001 Speed limitation: Upper speed limit Upper limit for the speed limitation.

-480000 ... [0] ... 480000 rpm « Setting is only effective with the selection "Upper speed limit [5]" in .
* Entry via keypad and Lenze Tools is in rpm!
* Via RPDO, the unit is vel. unit. and the scaling must be taken into
account.

e 480000 rpm = +2 A 31 [n-unit]

0x2946:002 Speed limitation: Lower speed limit

-480000 ... [0] ... 480000 rpm

Lower limit for speed limitation.
 Setting is only effective with the selection "Lower speed limit [5]" in .
« Entry via keypad and Lenze Tools is in rpm!

¢ Via RPDO, the unit is vel. unit. and the scaling must be taken into
account.

e 480000 rpm = +2 A 31 [n-unit]
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Operating mode "CiA 402 cyclic sync torque mode (cst)"
Default mapping H e

8.2 Operating mode "CiA 402 cyclic sync torque mode (cst)"

active. The lower of the two limits determines the motor output torque. The torque

6 During the quick stop, the current limit 0x6073 and the torque limit 0x6072 are
limits from Ox60E0 and Ox60E1 are not effective during quick stop.

Subfunctions of the operating mode

e Torque control with speed limitation

¢ Limitation of the motor speed

¢ Update of the actual values for position, velocity and torque

8.2.1 Default mapping

The default mapping for the "Cyclic sync torque mode" is defined in the following parameters:

Parameter Designation Data type
0x1601 RPDO-->axis: cyclic sync torque mode (cst) RECORD
0x1A01 Axis-->TPDO: cyclic sync torque mode (cst) RECORD

Data received from the Controller (RPDO)

Parameter Designation Data type
0x6040 CiA402 control word UNSIGNED_16
0x2830 Lenze control word UNSIGNED_16
0x6060 Operating mode: selection INTEGER_8
0x60B2 Torque: offset INTEGER_16
0x6071 Torque: setpoint torque INTEGER_16
0x2946:1 Speed limitation: upper speed limit INTEGER_32
0x2946:2 Speed limitation: lower speed limit INTEGER_32

Data sent to the Controller (TPDO)

Parameter Designation Data type
0x6041 CiA402 status word UNSIGNED_16
0x2831 Lenze status word UNSIGNED_16
0x6061 Operating mode: display INTEGER_8
Ox603F Error code UNSIGNED_16
0x606C Velocity: actual velocity UNSIGNED_16
0x6077 Torque: actual torque INTEGER_16
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Operating mode "CiA 402 cyclic sync torque mode (cst)"

Signal flow
8.2.2 Signal flow
m—
EtherCAT.
Positive torque limit value e——
Negative torque limit value ®—
Speed limitation: o
Upper speed limit Speed Torque Field-oriented
Interpolation limitation limitation control
~_ S [
Target torque :j £ e = a Z
L—p| g

Torque: offset

¢—» Actual velocity

< Actual torque
L—' Actual position

Speed limitation: 4
Lower speed limit
Encoder

evaluation

i
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Operating mode "CiA 402 cyclic sync torque mode (cst)"
Signal flow

Overview of the most important parameters

60!)135

Function Icon Parameter Name
Input data A 0x6040 CiA control word
0x2830 Inverter control word
0x6060 CiA: Operation mode
0x2946:001 Speed limitation
Upper speed limit
0x2946:002 Speed limitation
Lower speed limit
0x60B2 Offset torque
0x6071 Set torque
0x60EQ Positive torque limit
0x60E1 Negative torque limit
Output data NN 0x6041 CiA status word
0x2831 Inverter status word
0x6061 CiA: Active operation mode
0x606C Actual speed
0x6077 Actual torque
Interpolation 0x60C0 Interpolation mode
0x60C2:001 Interpolation time
0x60C2:002 Interpolation time
Speed limitation /] 0x6080 Max. motor speed
L 0x2946:001 Speed limitation
Upper speed limit
0x2946:002 Speed limitation
Lower speed limit
Torque limitation /] 0x60EQ Positive torque limit
L= 0x60E1 Negative torque limit
0x6076 Rated motor torque
0x6072 Max. torque
Field-oriented control 0x6073 Max. current
0x6075 Rated motor current
0x2941 Current controller feedforward control
0x2942:001 Current controller parameters
Gain
0x2942:002 Current controller parameters
Reset time
0x29E2 DC-bus filter time
0x29E3 Motor voltage filter time
0x29E0:001 Field weakening controller settings
Gain (ASM)
0x29E0:002 Field weakening controller settings
Reset time (ASM)
0x29E1 Field weakening controller Field limitation
0x29C0:001 Field controller settings
Gain
0x29C0:002 Field controller settings
Reset time
0x2939 Switching frequency
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8.2.3 Control commands and status information

The following control commands can be executed in the "cyclically synchronous torque"
operating mode via the CiA402 control word 0x6040:

Control word State | Function

Bit 4 reserved (bit must be set to "0")
Bit 5 reserved (bit must be set to "0")
Bit 6 reserved (bit must be set to "0")
Bit 8 011 Stop

The following status information are output via the CiA402 status word 0x6041 in the "cyclic
sync torque mode":

Status word

State | Meaning
Bit 12

"Cyclic sync torque mode" is inactive

"Cyclic sync torque mode" is active
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8.3 Process input data (CiA 402 objects)
Parameter
Address Name / setting range / [default setting] Information
0x6060 CiA: Operation mode CiA: Operation mode
-13| MS: Manual jog open loop (MOL) Manufacturer-specific manual control
» Operation mode "Manual Jog" (0232
-12 | MS: Pole position identification (PPI) Manufacturer-specific pole position identification (PLI)
» Synchronous motor: Pole position identification (PPI) i 116
» Selection of the PPI method for CiA mode 117
0| No selection No selection
2| CiA: Velocity mode (vl)
8| CiA: Cyclic sync position (csp)
9 | CiA: Cyclic sync velocity mode (csv)
10 | CiA: Cyclic sync torque mode (cst)
0x6071 Set torque
-3276.8 ...[0.0] ... 3276.7 %
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8.4 Process output data (CiA 402 objects)

Parameter
Address Name / setting range / [default setting] Information
0x6074 Internal set torque

Display of the internal set torque.

* Read only: x.x % * 100 % = Rated motor torque 0x6076

0x6077 Actual torque
¢ Read only: x.x %

Display of the actual torque.
¢ 100 % = Rated motor torque 0x6076

95



Configuring the torque control e20.00

Setpoint diagnostics

8.5 Setpoint diagnostics

The following parameters provide information on the setpoints set for torque control.

Parameter

Address Name / setting range / [default setting] Information

0x2DD5 Torque setpoint Display of the current torque setpoint.
¢ Read only: x.xx Nm




Configuring the feedback system

9 Configuring the feedback system

This chapter provides information on how to use feedback systems.

The axes are available in 3 versions for the evaluation of a motor encoder:
» Design i750 "Hiperface DSL® (OCT)/PTC"
» Design i750 "Resolver"
¢ Design i750 "Multi-Encoder"
- Supported incremental encoders: SinCos, TTL
- Supported absolute value encoders: HIPERFACE®, SSI, SinCos+SSlI

Example: Single axes and double axes 1.1 kW ... 4 kW

e M E
iy 1]

...
i%"?g

I

B

S

hem
S
B

Em

Design i750 "Hiperface DSL® (OCT)/PTC" Design i750 "Resolver" Design i750 "Multi-Encoder"

Please note that either the parameters for resolver evaluation or the parameters
for encoder evaluation will be effective depending on the feedback system selected.
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Configure feedback system for motor control

9.1 Configure feedback system for motor control

The parameter settings for the motor feedback system are accessed in »EASY Starter« via the
following path:

e Settings tab
- Basic setting \ Motor feedback (A)
Here, you have the choice of using the following feedback systems:

¢ Resolver
¢ Encoder

You can select the feedback system that you wish to use by pressing the correspondingly
named button.
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9.1.1 General settings

This chapter provides information on general settings of feedback systems for the motor
control.

Pressing the Select resolver or Select encoder button displays a list of resolvers or encoders.
If the displayed list contains the feedback system used, the data is applied automatically.

Otherwise, you must enter the data of the feedback system manually.

Monitoring of the encoder cable for wire breakage

The resolver or encoder cable can be monitored for wire breakage in the default settings of
parameter 0x2C45.

A DANGER!

When the encoder / resolver is used as a motor encoder, safe motor operation is not possible
in the event of an error.

Destruction of system parts

» Fault should always be used as a response for resolver/encoder wire breakage monitoring.

» To prevent interference injections when using an encoder, only use shielded motor and
encoder cables.

Wire breakage monitoring trips in the following cases:
e Resolver

- Wire breakage in the encoder cable

- When the resolver impedance is too great

- Inthe event of interference injections (EMC interference)
e Encoder

- Wire breakage in the encoder cable

Sensitivity of wire breakage monitoring

The sensitivity of wire breakage monitoring can be set as a percentage using the 0x2C47
parameter.

Reducing the monitoring sensitivity is advantageous in environments that are severely
affected by EMC problems.

If the sensitivity is not reduced (100 %), the software response time of monitoring
in case of an encoder is approx. 3.5 ms and in case of a resolver 0.3 ms.

Halving the sensitivity means doubling the response time.

NOTICE

A reduced sensitivity delays the response in case of wire breakage!

Destruction of system parts by reduced sensitivity of the open-circuit monitoring.
» Increase the sensitivity to reduce the monitoring response time.

Parameter
Address Name / setting range / [default setting] Information
0x2C45 Motor feedback error response
0| No response » Severity 2390
1|Warning
2 |Trouble
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Address Name / setting range / [default setting] Information
0x2C46 Number of the absolute ascertainable revolutions of  |Is set by the firmware according to the available version:
motor encoder « 0:no absolute value encoder (sin/cos encoder) or resolver with
¢ Read only number of pole pairs > 1
* 1:Single-turn absolute value encoder or resolver with number of pole
pairs=1
e >1: Multi-turn absolute value encoder
0x2C47 Open circuit detection sensitivity of motor encoder The sensitivity can be reduced by percentage, e. g. in case of EMC
1...[100] ... 100 % interferences.
0x608F:001 Position encoder resolution: Encoder increments Position encoder resolution: Encoder increments
« Setting can only be changed if the inverter is Setting the number of bits to be used for resolving a mechanical motor
disabled. revolution.
65536 | 16 bit
262144 |18 bit
1048576 |20 bit
4194304 |22 bit
16777216 |24 bit
67108864 | 26 bit
268435456 | 28 bit
1073741824 |30 bit
0x608F:002 Position encoder resolution: Motor revolutions Denominator of the position resolution: Number of motor revolutions.
1..[1]...1 Only setting "1" is accepted.
» Setting can only be changed if the inverter is
disabled.
0x6090:001 Velocity encoder resolution: Encoder increments/s Setting of the encoder increments/s.
0...[33554432] ... 2147483647
« Setting can only be changed if the inverter is
disabled.
0x6090:002 Velocity encoder resolution: Motor revolutions/s Setting of the motor revolutions/s.
0...[125] ... 2147483647
e Setting can only be changed if the inverter is
disabled.
9.1.2 Resolver settings

o

Resolvers with a number of pole pairs > 1 are not absolute value encoders.

Bit 4 in 0x2833 (Lenze status word 2) therefore remains set to "0".

The "distinguishable revolutions" specification in 0x2C46 is also set to "0".

The following applies to synchronous motors:

¢ When the number of motor pole pairs to the number of resolver pole pairs is an integer
ratio (0x2C01:001), the pole position only has to be identified once.

¢ When the number of motor pole pairs to the number of resolver pole pairs is a non-
integer ratio (0x2C01:001), the pole position must be identified every time the inverter is
connected to 24 V. » Synchronous motor: Pole position identification (PPI) 116

Parameter
Address Name / setting range / [default setting] Information
0x2822:025 Axis commands: Get motor encoder characteristic Values determined in order to compensate for resolver faults.
(resolver)
0| Off/Ready

On/Start

In progress

No access

1
2
3| Action cancelled
4
5

No access (Device disabled)
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Address

Name / setting range / [default setting]

Information

0x2C43

Motor encoder resolver number of pole pairs

1..[1]...10

« Setting can only be changed if the inverter is
disabled.

Setting of the number of pole pairs.
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9.1.2.1 Resolver error compensation

The actual position detected by the resolver is not exactly the same as the real physical
position. There are always more or less substantial deviations.

An identification run of the resolver automatically determines the adjustment values required

to compensate for the resolver error.

The determined values have a corrective effect on the cause of occurrence in the following

parameters:
Cause Remedy
Sine and cosine track do not magnetize orthogonally to each other. 0x2C44:001

Correction of the angle by means of which the two resolver tracks are
supplied in a manner relative to one another.

The inductances of the sine and cosine track of the resolver have slightly
different values.

0x2C44:002 and 0x2C44:003
Adjusting the gains of the digital-analog converters which feed the
resolver tracks.

Conditions for executing the identification run
* Motor

- If possible, execute the identification run before the motor is installed in the machine.
Bigger load changes at the motor may have a negative impact on the identification

result.

- The motor and resolver must be properly connected to the inverter.

- The motor must rotate freely.
e Inverter

- The inverter must be supplied with mains voltage. Check: 0x6041, bit 4 = TRUE.
- The control electronics must be supplied with voltage. For some designs, an external

voltage source is required for this purpose.

- The inverter must be connected "online" to the Engineering Tool.

e Correct parameterization:
- Number of resolver pole pairs (0x2C43)

- Motor speed-controlled or position-controlled in servo control mode
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How to run an identification

1. Initiate identification run with parameter 0x2822:025.

2. Enable inverter.
The identification run is in standby mode.

3. Approach a constant speed between n = 500 rpm and n = 3000 rpm.
The identification run is started automatically after the drive has reached a constant speed
and maintained this speed for the time defined in .

This speed is saved for the identification run. In order that the identification run can be
continued again, e.g. after an interruption, the drive must be operated again with this
speed.

End of identification run

After the resolver error identification has been executed successfully, the parameters
0x2C44:001 ... 0x2C44:003 are written automatically. The resolver now works with these
settings.

Brief interruption of the identification run

A short-time interruption, e.g. by removing the controller enable, does not stop the
measurement. It is continued after the controller is enabled anew. For the duration of the
interruption, the following status message is displayed: "ldentification interrupted
temporarily".
Cancelling the identification run
The measurement is canceled in case the inverter disable lasts longer or after the timeout
time has elapsed. A timeout error is displayed for the identification run, see error
messages in the logbook.
If the measurement was successful, the motor can be stopped
5. After the process has been completed, save the changed parameters 0x2C44:001 ...
0x2C44:003 in the inverter.
The »EASY Starter« serves to save the parameter setting of the inverter, see » Saving the
parameter settings. 135

Possible responses during the execution
¢ Motor running may appear somewhat uneven during identification.
¢ The direction of rotation can change.

This has no negative impact on the quality of the identification. In this case, the inverter
automatically interrupts the identification run and automatically continues it if a constant
speed is reached again.

« If the motor already installed in the machine does not have sufficient range in one
direction for executing the identification run, you can also reverse the driving direction
while the identification is active. In this case, the identification automatically switches to
the "ldentification temporarily interrupted ". The status is deactivated as soon as a
constant speed has been reached again.

In the event of an interruption, the identification run is stopped. An error message
is displayed.

If 0 % is set, the gain of the respective resolver track is only 95 % of the Lenze
setting.

The detected gain can assume values in the range of 0 ... 100 %.

In case of a successful resolver error compensation, only one of the two gains is
adjusted. The other value remains at 100 %.

Deactivating the resolver error compensation

For deactivating the resolver error compensation, the respective parameters must be reset
again to the Lenze setting.

103



Configuring the feedback system
Configure feedback system for motor control
Resolver settings

Resolver error compensation

‘Ilnan

Parameter
Address Name / setting range / [default setting] Information
0x2C44:001 Motor encoder identification (Resolver): Angle Setting of the angle to the resolver error compensation.
-100 ... [0] ... 100
0x2C44:002 Motor encoder identification (Resolver): Cosine track |Setting of the gain of the cosine track to the resolver error
gain compensation.
0...[100] ... 100 %
0x2C44:003 Motor encoder identification (Resolver): Sine track Setting of the gain of the sine track to the resolver error compensation.
gain
0...[100] ... 100 %
0x2C44:006 Motor encoder identification (Resolver): Identification | Display of the resolver identification status.
status
* Read only
Bit 0|ldentification activated TRUE if:
« Identification has been started.
* Controller enable is active.
FALSE if:
« ldentification has been aborted or completed successfully.
* Atimeout error is active.
* The 24V supply has been switched on and default settings are loaded.
Bit 2 |ldentification is running TRUE if:
* Identification is running.
FALSE if:
¢ The motor speed has fallen below the minimum speed of 500 rpm.
* The identification process has been aborted temporarily and is on
standby.
Bit 3 |ldentification successful TRUE if:
« ldentification has been completed successfully.
FALSE if:
« The identification is not completed yet after default settings were
loaded.
Bit 4 |ldentification failed TRUE if:
* Atimeout error has occurred.
FALSE if:
« Identification has been completed successfully.
0x2C44:008 Motor encoder identification (Resolver): Cosine track
offset
-100.000 ... [0.000] ... 100.000 %
0x2C44:009 Motor encoder identification (Resolver): Sine track
offset
-100.000 ... [0.000] ... 100.000 %
0x2C44:011 Motor encoder identification (Resolver): Cyclic online
compensation
0| Off
1/0n
0x2C44:012 Motor encoder identification (Resolver): Harmonic for
cyclic online compensation
10...[22]...99
0x2C44:013 Motor encoder identification (Resolver): Dead time
compensation resolver evaluation
0.0 ... [100.0] ... 500.0 %
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9.1.3 Encoder settings

In general, an encoder is a measuring system which serves to detect the velocity/speed and
the position of a kinematics or motor.

Details
If a resolver variant is to be plugged into the respective slot of the inverter as a
6 feedback system, the parameters in this section have no function.
Parameter
Address Name / setting range / [default setting] Information
0x2C40 Motor encoder type Selection of the encoder type.
 Setting can only be changed if the inverter is
disabled.
1|SinCos encoder
2 | HIPERFACE® SinCos absolute value encoder
3| TTL encoder
4| EnDat SinCos absolute value encoder
5SSl absolute value encoder
6| SSI SinCos absolute value encoder
7 | HIPERFACE DSL® (OCT)
0x2C42:001 Encoder settings: Increments/revolution Setting of the encoder number of increments per revolution (according
1...[1024] ... 262143 to manufacturer data/encoder data sheet).
e Setting can only be changed if the inverter is
disabled.
0x2C42:002 Encoder settings: Supply voltage Setting of the supply voltage.
5.0...[5.0]...12.0V
« Setting can only be changed if the inverter is
disabled.
9.1.3.1 SinCos encoder
The following SinCos encoder types without HIPERFACE® protocol are supported by the
inverter:
Type Increments/revolution Absolute revolutions
1G1024-5V-V3 (RVS58S) 1024 0
1G2048-5V-S (ITD22) 2048 0
1G2048-5V-S 2048 0
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9.1.3.2 SinCos absolute value encoder with HIPERFACE® protocol
The following SinCos encoder types with HIPERFACE® protocol are supported by the inverter:

Type Increments/revolution Absolute revolutions Type code
0x2C41:001

AM1024-8V-H (SRM50) 1024 4096 39
AM1024-8V-H (SFM60) 1024 (Multiturn) 39
AM1024-8V-K2 (SRM50S) 1024 39
AM128-8V-H (SKM36) 128 55
AM16-8V-H (SEL37) 16 71
AM16-8V-H (SEL52) 16 71
AM512-8V-H (SCM70) 512 7
AS1024-8V-H (SRS50) 1024 4096 34
AS1024-8V-K2 (SRS50S) 1024 (Single-turn) 34
AS16-8V-H (SEK37) 16 66
AS16-8V-H (SEK52) 16 66
AS512-8V-H (SCS70) 512 2

Use of non-supported encoder types

If the type code of the encoder used is not listed in the table of supported encoder types, this
encoder can be introduced to the inverter via the 0x2C41:002 and 0x2C41:003 parameters.

In this context, please also observe the information provided in the parameter
description 0x2C41:008.

Parameter

Address Name / setting range / [default setting] Information

0x2822:026 Axis commands: Get motor encoder information Command for reading out data from the connected motor encoder.
(HIPERFACE®)

Off/Ready
On/Start

o

In progress

1
2
3 | Action cancelled
4

No access

(%]

No access (Device disabled)

0x2C41:001 Motor encoder settings (HIPERFACE®): Type code Type code read out of the encoder.
detected This value is "0" if ...
¢ Read only * asin/cos encoder is set (0x2C40 = 2);

e acommunication error has occurred.

0x2C41:002 Motor encoder settings (HIPERFACE®): Type code Manual setting of the encoder type code (display in 0x2C41:001).

manual input

0...[0] ... 255

e Setting can only be changed if the inverter is
disabled.

0x2C41:003 Motor encoder settings (HIPERFACE®): Manual input - | Manual setting of the number of distinguishable revolutions.

Number of detectable motor encoder revolutions

1..[1]...65535

¢ Setting can only be changed if the inverter is
disabled.

0x2C41:004 Motor encoder settings (HIPERFACE®): Error response |Selection of the response for communication errors or in the event of an
0|No response unknown encoder.

[y

Fault > CiA402

2 |Warning

0x2C41:005 Motor encoder settings (HIPERFACE®): Serial number |The displayed serial number can be used for identifying an encoder
¢ Read only change.

0x2C41:006 Motor encoder settings (HIPERFACE®): Actual position | The encoder-internal position value is output without being converted.
(raw data)
¢ Read only
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Address Name / setting range / [default setting] Information
0x2C41:007 Motor encoder settings (HIPERFACE®): No. of periods |Display of the encoder increment according to encoder nameplate or
detected type code.

¢ Read only

0x2C41:008 Motor encoder settings (HIPERFACE®): Type code If an encoder is connected that is not supported by the firmware, it will
verification be displayed here.

+ Read only In this case, the same response takes place as in case of a
communication error. The error can be removed by manually setting the
type code in 0x2C41:002. This serves to signalise to the firmware that
the number of distinguishable revolutions is as well set correctly in
0x2C41:003 by the user.

0|Unknown - manual data input If an encoder is connected that is not supported by the firmware, it will
1| Known - parameterisation ok be displayed here.
0x2C41:009 Motor encoder settings (HIPERFACE®): Encoder type | Display of the detected encoder type (rotary/linear).
¢ Read only
0| Rotative encoder
1| Linear encoder
0x2C41:010 Motor encoder settings (HIPERFACE®): Period length | Display of the period length of the linear encoder.
of linear encoder
e Read only: x nm
9.1.3.3 SSI encoder

SSI absolute value encoder (Synchronous Serial Interface) generate the angle information by
optically scanning a code disc (e.g. as Gray Code). Each (absolute) angular position of the
encoder corresponds to a code pattern that can be uniquely assigned.

All encoders that use the Stegmann SSI protocol are supported:
¢ Supported bit rates for SSI communication: 150 ... 1000 kbits
¢ Supported data word widths: 1 ... 31 bits (effective)
e Supported output code of the SSI encoder: Gray or Binary
¢ Cycle time: 62.5 pus, 125 us and 250 ps .
¢ Encodersupply: U<12V,1<0.25A

How to parameterise the SSI encoder:

Set the supply voltage of the SSI encoder used in 0x2C42:002.

2. Set selection "5: SSI encoder" as the encoder type in 0x2C40.
Set the transmission rate for SSI communication in 0x2C4A:001.
With the SSI protocol, the permissible transmission rate decreases as the cable lengths
increase. A safe transmission rate must be set according to the length of the encoder cable
used and the electromagnetic interference level.

4. Set the telegram length in 0x2C4A:002.

The telegram length reflects the number of data bits used for transmission of a complete
SSI data packet.
5. Break the received SSI data word down into partwords and, if necessary, activate data
conversion of Gray into binary code.

Parameter
Address Name / setting range / [default setting] Information
0x2C4A:001 Motor encoder (SSI) protocol parameters: Bit rate To enable a stable transmission rate, the length of the encoder cable
150 ... [300] ... 1000 kbps used and any electromagnetic interference levels must be taken into
« Setting can only be changed if the inverter is account when setting the value.
disabled.
0x2C4A:002 Motor encoder (SSI) protocol parameters: Telegram The set value specifies the number of data bits which are transmitted as

length

1..[25]...31

« Setting can only be changed if the inverter is
disabled.

a complete SSI data packet.
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Address Name / setting range / [default setting]

Information

0x2C4A:003 Motor encoder (SSI) protocol parameters: Bits/
revolution

1..[13]..31

¢ Setting can only be changed if the inverter is

disabled.

Resolution of the encoder.
For example, the resolution for the preset value is "13":

213 = 8196 (bits/revolution).

0x2C4A:004 Motor encoder (SSI) protocol parameters: Position
data start bit

0..[0]..30

* Setting can only be changed if the inverter is

disabled.

Indicates the position in the telegram where the position data word
begins.

0x2C4A:005 Motor encoder (SSI) protocol parameters: Data
package 1 start bit

0..[0]...30

« Setting can only be changed if the inverter is

disabled.

Indicates the position in the telegram where data packet 1 begins.

0x2C4A:006 Motor encoder (SSI) protocol parameters: Data
package 2 start bit

0...[0]...30

» Setting can only be changed if the inverter is

disabled.

Indicates the position in the telegram where data packet 2 begins.

0x2C4A:007 Motor encoder (SSI) protocol parameters: Data
package 3 start bit

0..[0]..30

¢ Setting can only be changed if the inverter is

disabled.

Indicates the position in the telegram where data packet 3 begins.

0x2C4A:008 Motor encoder (SSI) protocol parameters: Position
data length

0..[0]..30

« Setting can only be changed if the inverter is

disabled.

SSI position data length

0x2C4A:009 Motor encoder (SSI) protocol parameters: Data
package 1 length

0..[0]...30

« Setting can only be changed if the inverter is

disabled.

Length of data packet 1.

0x2C4A:010 Motor encoder (SSI) protocol parameters: Data
package 2 length

0...[0]...30

» Setting can only be changed if the inverter is

disabled.

Length of data packet 2.

0x2C4A:011 Motor encoder (SSI) protocol parameters: Data
package 3 length

0...[0]...30

¢ Setting can only be changed if the inverter is

disabled.

Length of data packet 3.

0x2C4A:012 Motor encoder (SSI) protocol parameters: Position
data coding
« Setting can only be changed if the inverter is

disabled.

0 |Binary

1|Gray

Coding of position data word (read only).
If a value of "0" is set for the position data length in 0x2C4A:008, then
the value displayed for this parameter is also "0".

0x2C4A:013 Motor encoder (SSI) protocol parameters: Data
package 1 coding
« Setting can only be changed if the inverter is

disabled.

0 |Binary

1|Gray

Coding of data packet 1
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Address Name / setting range / [default setting] Information
0x2C4A:014 Motor encoder (SSI) protocol parameters: Data Coding of data packet 2

package 2 coding
« Setting can only be changed if the inverter is
disabled.

0 |Binary

1|Gray

0x2C4A:015 Motor encoder (SSI) protocol parameters: Data Coding of data packet 3
package 3 coding
« Setting can only be changed if the inverter is

disabled.
0| Binary
1|Gray
0x2C4A:016 Motor encoder (SSI) protocol parameters: Position Raw value of position data word (read only).
raw data If a value of "0" is set for the position data length in 0x2C4A:008 , then
+ Read only the value displayed for this parameter is also "0".
0x2C4A:017 Motor encoder (SSI) protocol parameters: Data Raw value of data packet 1 (read only).
package 1 raw data If a value of "0" is set for the data packet length 1 in 0x2C4A:013 , then
« Read only the value displayed for this parameter is also "0".
0x2C4A:018 Motor encoder (SSI) protocol parameters: Data Raw value of data packet 2 (read only).
package 2 raw data If a value of "0" is set for the data packet length 2 in 0x2C4A:014 , then
« Read only the value displayed for this parameter is also "0".
0x2C4A:019 Motor encoder (SSI) protocol parameters: Data Raw value of data packet 3 (read only).
package 3 raw data If a value of "0" is set for the data packet length 3 in 0x2C4A:015 , then
« Read only the value displayed for this parameter is also "0".
0x2C4A:020 Motor encoder (SSI) protocol parameters: Encoder
type
¢ Setting can only be changed if the inverter is
disabled.

0 | Rotative encoder

[any

Linear encoder

0x2C4A:021 Motor encoder (SSI) protocol parameters: Position
raw data scaled by 0x608F
* Read only

0x2C4A:022 Motor encoder (SSI) protocol parameters: Monoflop

time

0...[0] ... 500

» Setting can only be changed if the inverter is
disabled.

0x2C4A:023 Motor encoder (SSI) protocol parameters: Resulting
SSl-telegram cycle time
¢ Read only
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9.1.3.4 One cable technology (OCT) via HIPERFACE DSL®

Fig. 3: Example setup HIPERFACE DSL® (OCT) for a double axis

Parameterize HIPERFACE DSL® (OCT)
Parameter Axis settings: Function X109 = 10 to activate HIPERFACE DSL® (OCT). » 0x2DE1:001

Parameter
Address Name / setting range / [default setting] Information
0x2DE1:001 Axis settings: Function of X109
0|None
10 | HIPERFACE DSL® (OCT)
20| PTC
0x2C4B:001 Release version
e Read only
0x2C4B:002 Release Date
* Read only
0x2C4B:003 Encoder ID
¢ Read only
0x2C4B:004 Type of encoder
e Read only
0x2C4B:005 Resolution
e Read only
0x2C4B:006 Measurement range
* Read only
0x2C4B:007 Type name
¢ Read only
0x2C4B:008 Serial number
e Read only
0x2C4B:009 Device version
e Read only
0x2C4B:010 Firmware date
* Read only
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Address Name / setting range / [default setting] Information
0x2C4B:011 EEPROM size
e Read only
0x2C4B:012 Safe Channel 2 Resolution
¢ Read only
0x2C4B:020 Delay / RSSI
¢ Read only

Bit O|Cable delay, bit 0
Bit 1|Cable delay, bit 1
Bit 2 |Cable delay, bit 2
Bit 3 |Cable delay, bit 3
Bit 4 |RSSI, bit 0
5
6
7

Bit 5|RSSI, bit 1
Bit 6 |RSSI, bit 2
Bit 7 |RSSI, bit 3
0x2C4B:021 Quality monitoring
* Read only
Bit 0|QM, bit 0
Bit 1|QM, bit 1
Bit 2|QM, bit 2
Bit 3|QM, bit 3
Bit 7|LINK
0x2C4B:022 Slave RSSI
¢ Read only
Bit O |SRSSI, bit 0
Bit 1|SRSSI, bit 1
Bit 2 |SRSSI, bit 2

0x2C4B:023 Supply voltage
¢ Read only: x.xxx V
0x2C4B:024 Rotation speed range
e Read only: x rpm
0x2C4B:025 Auswahl
0| No value

Lifetime

Sensor monitor

1
2
3 | Rotation speed
4

Temperature
0x2C4B:026 Value
¢ Read only
0x2C4B:040 Events
¢ Read only

Bit 1|FREL: Channel free for "long message"

Bit 2| QMLW: Quality monitoring low value
warning

Bit 4| ANS: Erroneous answer to "long message"
Bit 5| MIN: Message initialization

Bit 8| PRST: Protocol reset warning
Bit 9| DTE: Estimator Deviation Threshold Error
Bit 11|POS: Estimator turned on

Bit 14|SUM: Remote event monitoring
Bit 15| INT: Interrupt status
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One cable technology (OCT) via HIPERFACE DSL®

Address Name / setting range / [default setting] Information
0x2C4B:041 Status summaries
* Read only
Bit 0|SUMO
Bit 1|SUM1
Bit 2 |SUM2
Bit 3|SUM3
Bit 4 |SUM4
Bit 5|SUMS5
Bit 6|SUM6
Bit 7|SUM7
0x2C4B:042 Encoder status, byte 0
* Read only
Bit 0|Encoder status bit 0
Bit 1|Encoder status bit 1
Bit 2|Encoder status bit 2
Bit 3|Encoder status bit 3
Bit 4|Encoder status bit 4
Bit 5|Encoder status bit 5
Bit 6|Encoder status bit 6
Bit 7|Encoder status bit 7
0x2C4B:043 Encoder status, byte 1
* Readonly
Bit 0|Encoder status bit 8
Bit 1|Encoder status bit 9
Bit 2|Encoder status bit 10
Bit 3|Encoder status bit 11
Bit 4|Encoder status bit 12
Bit 5|Encoder status bit 13
Bit 6|Encoder status bit 14
Bit 7|Encoder status bit 15
0x2C4B:044 Encoder status, byte 2
* Readonly
Bit O|Encoder status bit 16
Bit 1|Encoder status bit 17
Bit 2|Encoder status bit 18
Bit 3|Encoder status bit 19
Bit 4|Encoder status bit 20
Bit 5|Encoder status bit 21
Bit 6|Encoder status bit 22
Bit 7|Encoder status bit 23
0x2C4B:045 Encoder status, byte 3
* Read only

Bit
Bit

0| Encoder status bit 24
1|Encoder status bit 25
Bit 2|Encoder status bit 26
Bit 3|Encoder status bit 27
Bit 4|Encoder status bit 28

5

6

7

Bit 5|Encoder status bit 29
Bit 6|Encoder status bit 30
Bit 7| Encoder status bit 31
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One cable technology (OCT) via HIPERFACE DSL®

Address Name / setting range / [default setting] Information
0x2C4B:046 Encoder status, byte 4
e Read only

Bit 0| Encoder status bit 32

Bit 1|Encoder status bit 33
Bit 2|Encoder status bit 34
Bit 3|Encoder status bit 35
Bit 4|Encoder status bit 36
Bit 5|Encoder status bit 37
Bit 6|Encoder status bit 38
Bit 7|Encoder status bit 39
0x2C4B:047 Encoder status, byte 5
* Read only
Bit 0|Encoder status bit 40
Bit 1|Encoder status bit 41
Bit 2|Encoder status bit 42
Bit 3|Encoder status bit 43
Bit 4|Encoder status bit 44
Bit 5|Encoder status bit 45
Bit 6|Encoder status bit 46
Bit 7|Encoder status bit 47
0x2C4B:048 Encoder status, byte 6
* Readonly
Bit 0|Encoder status bit 48
Bit 1|Encoder status bit 49
Bit 2|Encoder status bit 50
Bit 3|Encoder status bit 51
Bit 4|Encoder status bit 52
Bit 5|Encoder status bit 53
Bit 6|Encoder status bit 54
Bit 7|Encoder status bit 55
0x2C4B:049 Encoder status, byte 7
* Readonly
Bit 0|Encoder status bit 56
Bit 1|Encoder status bit 57
Bit 2|Encoder status bit 58
Bit 3|Encoder status bit 59
Bit 4|Encoder status bit 60
Bit 5|Encoder status bit 61
Bit 6|Encoder status bit 62
Bit 7|Encoder status bit 63
0x2C4B:050 Fast position
* Read only
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Evaluation of the signal quality

9.1.3.5 Evaluation of the signal quality

Signal quality

The signal quality is evaluated by the 0x2C42:004 parameter, which is used to monitor the
initial read-out and setting of the position.

If a transmission error should occur:

¢ The current angular drift is marked as invalid in parameter 0x2833, bit 7
¢ The inverter maintains its operating status

Angular drift

Communication with the encoder is no longer monitored during angular drift
determination.

The value displayed in 0x2C42:003 is determined in different ways depending on the type of
encoder:

¢ Determination of the current angular drift for the SinCos encoder

In the case of an incremental SinCos encoder, the pulses between two zero pulse events of
the Z-track are counted. Assuming that there are no faults, this value corresponds to the
set number of increments. The accuracy of this process corresponds to + 1 increment
graduation of the encoder, with the difference between the set number of increments and
the counted pulses being converted to an angle with an accuracy of +0.1°. The
disadvantage is that an updated angular drift value only become available at the end of a
complete encoder revolution. In turn, this means that the update rate depends on the
speed.

¢ Determination of the current angular drift for the SinCos Hiperface® absolute value
encoder

In the case of a SinCos absolute value encoder with HIPERFACE® protocol, no Z-track is
available; instead, the position is regularly read out of the encoder. When the first encoder
read-out operation is performed (after power-up or elimination of wire breakage), the
encoder position is used to initialise the internal device counter unit and to set an internal
device position. All other read-out processes from the encoder are used to generate a
difference between the internal device position and the encoder position. Assuming that
there are no faults, the difference is zero. However, the dead time of the communication
with the encoder means that the accuracy of the process is dependent on the speed and
therefore restricted compared to the zero pulse process. However, the advantage is that
the update rate does not depend on the speed, but is instead only determined by the
communication rate. The update rate is encoder-specific and is generally in the range
between 30 ... 50 ms.

Parameter
Address Name / setting range / [default setting] Information
0x2C42:003 Encoder settings: Angle drift Display of the angular drift of the current angle error.
« Read only: x.x ° This indicates whether too many or two few pulses have been detected
by the internal device counter unit for EMC-related reasons.
0x2C42:004 Encoder settings: Actual amplitude signal quality The signal quality indicates the actual amplitude of the SinCos analog

« Readonly: x % signals with regard to 1 Vss = 100 %.

* The signal quality should be between 95 ... 105 %.

* There is no need for optimisation if the signal quality is within the
tolerance zone for the analog encoder signals given in the data sheet
of the encoder manufacturer.
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9.14 Detection of changed settings of the feedback system

Bit O of status word 2 indicates whether the settings of the feedback system have been
changed since leaving the Not ready to start state. If a change has been made, bit 0 is set to
value "1". » 0x2833

During the transition to the Operation enabled state, bit O is reset to value "0".

In all device states, changes to the following parameters continue to be monitored.

Relevant parameters of other functions

Address Name Default setting Setting range

0x2C40 Motor encoder type SinCos encoder [1] Selection list

0x2C41:002 Motor encoder settings (HIPERFACE®): Type code 0 0..255
manual input

0x2C41:003 Motor encoder settings (HIPERFACE®): Manual input - |1 1...65535
Number of detectable motor encoder revolutions

0x2C41:005 Motor encoder settings (HIPERFACE®): Serial number |- (Read only)

0x2C42:001 Encoder settings: Increments/revolution 1024 1...262143

0x608F:001 Position encoder resolution: Encoder increments 16 bit [65536] Selection list

0x608F:002 Position encoder resolution: Motor revolutions 1 1.1

9.1.5 Diagnostics

Parameter

Address Name / setting range / [default setting] Information

0x2CA4F Parameter CRC of motor encoder Display of the cyclic redundancy check (CRC) of selected encoder
* Read only parameters to detect changes in the feedback settings.

0x2DDF:005 Axis information: Detected module in slot A Display of supported feedback system for the motor.
* Readonly

0| Product defined

No module

Resolver

SinCos/HIPERFACE®/SSI
SinCos/HIPERFACE®/SSI/TTL

1/0 extension
SinCos/HIPERFACE®/SSI/TTL/EnDat®
1/0 + HTL extension

N|ooju|b|lWwW|N| -
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9.2 Synchronous motor: Pole position identification (PPI)

For controlling a permanent-magnet synchronous motor, the pole position - the angle
between the motor phase U and the field axis of the rotor - must be known.

¢ For Lenze motors with absolute value encoder or resolver, the pole position has already
been set correctly.

* When incremental encoders are used (TTL or sin/cos encoders without absolute position
information), a pole position identification (PPI) is always required. This also applies to
Lenze motors.

NOTICE

The pole position identification (PPI) must only be executed

» for servo control with a synchronous motor of an original equipment manufacturer.

» for servo control with a synchronous motor and incremental encoders (TTL or sin/cos
encoder).

» after changes to the motor feedback system, e.g. feedback replacement.

The parameter settings for pole position identification are accessed in »EASY Starter« via the
following path:
e Settings tab
- Basic setting \ Motor feedback (A)
Three different identification methods are offered here:
e 360° electrical
¢ With min. movement
¢ Without movement

The criteria for selecting the most suitable identification method are presented below.

Selection criteria for using the suitable pole position identification

For identifying the pole position for the currently activated feedback, the following functions
are available which all provide almost the same result. Due to e.g. friction, bearing forces and
a trapezoidal field pattern, the results may differ from each other.

» Pole position identification (PPI) 360° 1118
e The motor must not be braked, blocked or mechanically driven during the pole position
identification! This function must not be used for hanging loads!

* Especially in case of idling drives or drives with a low load (inertia / friction), this function
delivers the most accurate results.

» Pole position identification (PPI) with minimum movement 122
¢ The motor must not be braked, blocked or driven during the pole position identification!
Thus, this function must not be used for hanging loads!

¢ Regarding the accuracy, this function is in the middle range. A percentage increase of the
current amplitude can enhance the accuracy of the results if required.

» Pole position identification (PPI) without movement 125

* In case of stalled motors (e.g. with hanging loads), only this function shall be used!

¢ This function was developed for a wide range of motor characteristics. In case of some
motor types, however, the identified pole position angle may differ considerably from the
real pole position angle, so that a considerable loss in torque and greater motor losses may
occur. Thus, especially when using third-party motors, we recommend the execution of a
reference identification with an idling motor » Pole position identification (PPI) 360° . 1118

If the identified values of both processes differ from each other by more than 20°, please
contact Lenze.
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Detailed information on the respective function can be found in the following subchapters.

9.2.1 Selection of the PPl method for CiA mode

Parameter
Address Name / setting range / [default setting] Information
0x2C66:001 PPl mode for 0x6060: Selection Selection of the identification method for the CiA operating mode "pole
+ Setting can only be changed if the inverter is position identification (PLI)(0x6060 = -12)
disabled. » CiA 402 device profile 1211

1|PPI 360° » Pole position identification (PPI) 360° 1118

2| PPI min. movement » Pole position identification (PPI) with minimum movement 1122

3| PPl without movement » Pole position identification (PPI) without movement 125

9.2.2 Monitoring the pole position identification

If an error occurs during the pole position identification or if the pulse inhibit gets active (e.g.
due to a short-time undervoltage), the process is stopped with disabling the inverter without
the settings being changed.

If the motor was braked or blocked during the process, this will be detected at the end of the
measurement and no change will be made (exception: "pole position identification PLI
(without movement)").

The error response can be parameterised:

If an error occurs during the pole position identification,

e the procedure is stopped without the settings being changed.

¢ the response set in 0x2C60 is effected.

Parameter
Address Name / setting range / [default setting] Information
0x2C60 PPI monitoring: Response Selection of the response triggered by the occurrence of an error during

the pole position identification (PLI).

o

No response
Fault

[y

N

Warning

9.2.3 Monitoring the validity of the pole position

Parameter

Address Name / setting range / [default setting] Information
0x2C65:001 PPl validation: Activation

« Setting can only be changed if the inverter is
disabled.

0| Off

1/0n

0x2C65:002 PPI validation: Settings

0| No action

Reset PPl validation bit
Set PPl validation bit

0x2C65:003 PPl validation: Status
e Read only

[y

N

Bit 0| Pole position is valid

0x2C65:004 PPl validation: Pole position set value
-179.9...[0.0] ... 179.9 °
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9.24 Pole position identification (PPI) 360°

NOTICE

Mechanical damage of the motor caused by hanging loads!

Possible consequences: Irreversible damage of the motor.

» The motor must not be braked or blocked during the pole position identification. Thus, this
function must not be used for hanging loads!

NOTICE

Thermal overload of the motor!

The motor may be permanently damaged.

» Before executing the pole position identification, check that the following monitoring
systems are parameterised correctly.

» Motor overload monitoring (i®xt)

» Overcurrent monitoring

NOTICE

» Please observe the following: Synchronous motor: Pole position identification (PPI)

Functional description

247.5° 270° 292.5°

118



22224 Configuring the feedback system
Synchronous motor: Pole position identification (PPI)
Pole position identification (PPI) 360°

If the servo control is set for synchronous motor and no error is pending, the current is first
raised in a ramp-shaped manner to 141 % of the rated motor current after the inverter is
enabled.

Left image
First, the rotor is moved from any position of rest to the 0° angle.

¢ For this purpose, the amplitude of the d current vector is created in the stator coordinate
system at a starting angle of 45° and then turned to 0°.

¢ A sufficiently high amplitude of the d current vector and its rotary motion result in a
magnetic force that moves the rotor to the angle 0°.

Right image

Afterwards, the d current vector is turned further in 15 steps by 22.5° each starting at the
angle 0°.

* Due to the magnetic forces, the rotor adjusts to the respective angle.

e After 16 steps, the rotor has moved by absolute electrical 360°.

Result

For determining the pole position, a mean value is calculated from all 16 messages. The rotor
displacement angle can be recorded via the 0x2DDE parameter (actual motor rotor angle
position). The detected pole position is stored in the inverter parameters,
0x2C03:0020x2C03:004. The detected pole position must then be saved.

Abort of the pole position identification

The pole position identification is aborted if the deviations between the rotary motion of the
current vector and the rotor exceed the fault tolerance set in 0x2C41:004 (check if parameter
is available).

Preconditions for the performance
¢ The motor must not be braked or blocked during the pole position identification.
e The servo inverter is error-free and in Switched on device state.

Response of the motor during performance

The rotor aligns during the pole position identification. The motor shaft moves by max. one
electrical revolution which causes a corresponding movement of the connected mechanics!

How to execute the pole position identification PLI (360°):
1. If the servo inverter is enabled, disable it.Enable operation

2. Set the object 0x2825 to "5" to change to the "pole position identification PLI (360°)"
operating mode.

3. Before the PLI can be started, the works mentioned below must be completed.

4. Enable the servo inverter to start the pole position identification (360°). Note: Inhibiting
the controller serves to abort the started procedure any time if required without changing
the settings.

After the pole position identification has been completed successfully...

...the controller is inhibited automatically and the pole position determined for the activated
feedback system is set in the 0x2C03:002 object.

* Save the changed settings.

The »EASY Starter« serves to save the parameter settings of the servo inverter as
parameter file (*.gdc). Saving the parameter settings

¢ The inverter disable set automatically by the procedure can be deactivated again via the
CiA402 control word 0x6040. Enable operation

119



Configuring the feedback system 22224
Synchronous motor: Pole position identification (PPI)
Pole position identification (PPI) 360°

Adapt pole position identification PLI (360°)

go¥o) ®

—
Bt [s]

Fig. 4: Chronological sequence of the pole position identification

In case of drives with a high static friction, mass inertia or alternating load, an optimisation

may be necessary:

¢ The amplitude of the current vector must be set so high that the motor with a high mass
inertia can be accelerated.

¢ The cyclic continued rotation of the current vector by 22.5° has to cause an equivalent
angular rotation of the motor shaft (rotor). A step function has to be achieved. Here,
actual positions with very low overshoots are visible.

NOTICE

Thermal overload of the motor!

The motor may be permanently damaged.

» If no temperature monitoring is available in the motor, and/or the I’xt motor monitoring
and the maximum current monitoring are not parameterised correctly, the motor can be
permanently damaged if the current amplitude is set too high!

» Motor overload monitoring (i®xt)
» Overcurrent monitoring

Overview of more objects available for
¢ Identification

e Triggering

e Diagnostics

Tip!

An oscilloscope serves to execute the optimisation
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L
Parameter Subindex Value/unit INFO
0x2825 0 CiA402 mode active [0] Operating modes [5] for PLI 360°
0x2824 0 Off [0], On [1]
0x6040 0 0x0000 Simulation of the CiA state machine
0x2823 0 100 Progress bar
0x2C61:001 1 100 % PLI(360°) current amplitude
0x2C61:002 2 40s PLI(360°) ramp time
0x2C61:003 3 Field: clockwise [0] PLI(360°) direction of rotation
0x2C61:004 4 20° PLI(360°) fault tolerance
0x2C61:005 5 4.81A Display
0x2C03:002 2 -90.0° Detected pole position values
0x2C03:004 4 0.0°
Ox2DDE 0 1850 current rotor angle
0x2D83:002 2 0.03A Phase U current
0x2D83:003 3 0.04 A Phase V current
0x2D83:004 4 -0.01A Phase W current
0x2DD1:003 3 0.00 A Setpoint D current
0x2DD1:001 1 0.01A Current D current
0x6073 0 150.0 % Max current
0x6075 0 3.400 A Motor rated current, reference for
0x2C61:1
0x2D46:001 1 16.5A Overcurrent monitoring: threshold
0x2DDF:001 1 5.00A User info regarding rated current
0x2DDF:002 2 10.00 A User info regarding maximum
current
Parameter
Address Name / setting range / [default setting] Information
0x2C61:001 Pole position identification (360°) settings: Current Percentage adaptation of the current amplitude.
amplitude * For large machines and high mass inertia values or for linear direct
1...[71]...1000 % drives, the current amplitude usually must be increased.
* Setting can only be changed if the inverter is + Default setting 100 % = 141 % of Rated motor current (0x6075)
disabled.
Note!
If the current amplitude is set to > 100 %, the device utilisation (Ixt)
monitoring and/or one of the motor monitoring functions may respond
and cause the abort of the pole position identification.
0x2C61:002 Pole position identification (360°) settings: Ramp time | Percentage adaptation of the ramp time.
1...[40] ... 600 s * For large machines and high mass inertia values, the ramp time must
¢ Setting can only be changed if the inverter is be increased.
disabled. » For small machines, however, the pole position identification can be
accelerated by reducing the ramp time.
0x2C61:003 Pole position identification (360°) settings: Direction  |Selection of travel direction.
of rotation In some situations, it may be helpful to reverse the travel direction for
« Setting can only be changed if the inverter is the pole position identification (e. g. for linear motor at the end stop).
disabled.
o|cw
1/cCW
2|CW + CCW
3| CCW + CW
0x2C61:004 Pole position identification (360°) settings: Error Setting of the fault tolerance for the plausibility check.
tolerance « If the rotor position detected via the encoder system is not within the
15...[20] ...50 ° tolerance zone around the position that is output in a controlled
manner, the pole position identification is aborted and the
parameterised error response is tripped.
0x2C61:005 Pole position identification (360°) settings: Absolute Display of the absolute current amplitude.

current amplitude
e Read only: x.xx A
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9.2.5 Pole position identification (PPI) with minimum movement

NOTICE

Mechanical damage of the motor caused by hanging loads!

Possible consequences: Irreversible damage of the motor.

» The motor must not be braked or blocked during the pole position identification. Thus, this
function must not be used for hanging loads!

NOTICE

Thermal overload of the motor!

The motor may be permanently damaged.

» Before executing the pole position identification, check that the following monitoring
systems are parameterised correctly in order to prevent a permanent damage of the motor
in the event of an error:

» » Motor overload monitoring (i*xt) LJ 189
» Overcurrent monitoring

Functional description

If servo control for synchronous motor is set and if no error is pending, the current position is
memorised after controller enable, and the current is increased along a ramp for 10 s to 35 %
of the rated motor current. This will cause the rotor to align, which, however, is compensated
by a position control. If the rotor makes an electrical movement of more than 20°, an error
message is output, and the value measured is discarded. This might occur in the case of
motors with considerable detent torques.

If the current has reached its final value, a plausibility check is executed after a short interval:
in order to detect a non-permissible blocking of the motor, a positive and a negative test angle
(£ 20°) relative to the current position are defined after the identification. The motor must
align itself to these two test angles within a tolerance of 25 %.

Conditions for the execution
¢ The motor must not be braked or blocked during the pole position identification.

* The servo inverter is error-free and in Switched on device state.

Response of the motor during performance

The motion of the motor will maximally correspond to the set "Max. permissible motion"
(Lenze setting: 20°). If a greater motion is detected via the encoder system, the pole position
identification is cancelled and the parameterised error response (Lenze setting: Fault) is
triggered.

How to execute the pole position identification PLI (min. movement):

1. If the servo inverter is enabled, disable it.Enable operation

2. Set the object 0x2825 to "6" to change to the "pole position identification PLI (min.
movement)" operating mode.

w

Enable the servo inverter to start the process.

Note: Inhibiting the controller serves to abort the started procedure any time if required
without changing the settings.
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After the pole position identification has been completed successfully...
...the controller is inhibited automatically and the pole position determined for the activated
feedback system is set in the 0x2C03:002 object.
¢ Save the changed settings.
The »EASY Starter« serves to save the parameter settings of the servo inverter as

parameter file (*.gdc). This file can then be imported in the »PLC Designer«. Saving the
parameter settings

¢ The inverter disable set automatically by the procedure can be deactivated again via the
CiA402 control word 0x6040. Enable operation

Adapt pole position identification PLI (min. movement)

The process of pole position identification described above can be adapted to the respective
machine and the existing moments of inertia by using the parameters described in the
following.

NOTICE

Thermal overload of the motor!

The motor may be permanently damaged.

» If no temperature monitoring is available in the motor, and/or the I’xt motor monitoring
and the maximum current monitoring are not parameterised correctly, the motor can be
permanently damaged if the current amplitude is set too high!

» Motor overload monitoring (i®xt)
» Overcurrent monitoring

Parameter
Address Name / setting range / [default setting] Information
0x2C62:001 Pole position identification (min. movement) settings: | Percentage adaptation of the current amplitude.
Current amplitude  For large machines, high mass inertia values or for linear direct drives,
1...[25] ... 1000 % the current amplitude usually must be increased.
* Setting can only be changed if the inverter is + Default setting 25 % = 35 % of Rated motor current (0x6075)
disabled.
Note!
If the current amplitude is set to > 100 %, the device utilisation (Ixt)
monitoring and/or one of the motor monitoring functions may respond
and cause the abort of the pole position identification.
0x2C62:002 Pole position identification (min. movement) settings: | Percentage adaptation of the rate of current rise.
Ramp time
1...[10] ...600s
« Setting can only be changed if the inverter is
disabled.
0x2C62:003 Pole position identification (min. movement) settings: | Adaptation of the proportional Pl controller gain.
Gain With the Lenze setting "0 %",the PI controller works as an | controller.
0...[0] ... 1000 %
0x2C62:004 Pole position identification (min. movement) settings: | Adaptation of the reset time of the PI controller.
Reset time « Inorder to be able to compensate a positional variation faster, first
0.1...[62.5] ... 6000.0 ms the reset time should be reduced. If this does not result in the desired
behaviour, the proportional gain can be increased.
* Ensure that the position control does not get unstable. We therefore
recommend you to use an | controller.
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Address Name / setting range / [default setting] Information

0x2C62:005 Pole position identification (min. movement) settings: | Adaptation of the permitted movement.
Max. move permitted » The pole position identification comprises a monitoring function for
1..[20]...90° the follow-up control. If a movement greater than the permissible

movement set is detected by the encoder system, the pole position
identification is aborted and the error response parameterised is
tripped:

* In order to detect a non-permissible blocking of the machine, a
positive and negative test angle relative to the current position are
defined after the identification. The machine must align itself to these
two test angles within a tolerance of 25 %. The size of the test angle
corresponds to the max. move permitted set here.

0x2C62:006 Pole position identification (min. movement) settings: | Display of the absolute current amplitude.
Absolute current amplitude
* Read only: x.xx A
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9.2.6 Pole position identification (PPl) without movement

The "Pole position identification (PLI) without movement" function can also be used if no
motor revolution is possible (holding brake active).

NOTICE

With an incorrect parameter setting and dimensioning of the inverter, the maximum
permissible motor current may be exceeded during the pole position identification.

Possible consequences: Irreversible damage of the motor
» Set the motor data correctly. » Motor data (043
» Only use an inverter that is performance-matched to the motor.

A DANGER!

Uncontrolled acceleration of the motor!
Undefined state of the feedback system, caused by wire breakage!

» Each pole position identification causes an update of the pole position set in the device!
Therefore, ensure that the response to open circuit in the feedback system is set to Lenze
setting "1: Fault" in 0x2C45! Otherwise, the status of the feedback system in case of open
circuit is undefined and the pole position can assume any value. There is a danger that the
machine accelerates in an uncontrolled way after pole position identification!

NOTICE

Device state "switched-on"/"operation"

» The process of the pole position identification only lasts some milliseconds. During the pole
position identification, the device status does not change. Only after the pole position
identification, the Operation enabled device status changes to the Operation enabled
device status.

» If pole position identification is started via parameter 0x2825, the inverter is automatically
disabled at the end of the pole position identification process.

Conditions

¢ The wiring of the three motor phases and the motor encoder must be carried out
according to the specifications from the mounting instructions.

The inverter is ready for operation (no fault active).

For the pole position identification (PPI) without movement, the motor must be at
standstill.

NOTICE

» During the pole position identification, the error OxFF13 ("identification cancelled") may
occur. This may be an indication that the motor features are not suitable for this PLI process.

Functional description

After inverter enable, a defined pulse pattern is output that provides currents up to approx.
maximum motor current. The respective currents are measured. Based on these currents, the
field distribution can be detected so that the pole position can be calculated. Then, the
inverter is automatically disabled.

The pole position identification PLI (without movement) does not need any parameterisation.
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Synchronous motor: Pole position identification (PPI)
Pole position identification (PPI) without movement

Preconditions for the performance

¢ The wiring of the three motor phases and the feedback must be carried out in accordance
with the specifications from the hardware manual.

¢ The motor may be stalled.

« The servo inverter is error-free and in Switched on device state.

¢ Please observe the notes in the Synchronous motor: Pole position identification
(PPI)section.

Response of the motor during performance

The current test pulses cause audible engine noises that may be increased by the machine
mechanics depending on the mechanical coupling!

How to execute the pole position identification PLI (without movement):

1. If the servo inverter is enabled, disable it.Enable operation

2. Set the object 0x2825 to "7" to change to the "pole position identification PLI (without
movement)" operating mode.

3. Enable the servo inverter to start the process.

Note: Inhibiting the controller serves to abort the started procedure any time if required
without changing the settings.

After the pole position identification has been completed successfully...

...the controller is inhibited automatically and the pole position determined for the activated

feedback system is set in the 0x2C03:002 object.

¢ For permanent storage, the changed settings from the servo inverter must be uploaded in
the Controller.
The »EASY Starter« serves to save the parameter settings of the servo inverter as
parameter file (*.gdc). Saving the parameter settings

¢ The inverter disable set automatically by the procedure can be deactivated again via the
CiA402 control word 0x6040. Enable operation

Optional settings (starting performance)

Optionally, a pole position identification without motion can be activated after switching on
the servo inverter.

Parameter
Address Name / setting range / [default setting] Information
0x2C63:001 PPI without movement: Execution Start behavior (with or without pole position identification before the
 Setting can only be changed if the inverter is start).
disabled.
0 | Disabled No pole position is identified.
1|Only after 1st enable/encoder error After the first controller enable and after each encoder wire breakage, a

PLI without movement takes place.

/\ CAUTION!

After an encoder wire breakage, the drive may accelerate in an

uncontrolled manner subsequent to the pole position identification.

¢ Cause: In case of a wire breakage, the feedback system state is
undefined and the pole position assumes any value.

* Remedy: Set the error response "Trouble" (0x2C450x2C45 = 2) for an
encoder wire breakage in order that the pole position will be
identified after a wire breakage.

2| After each enable After every inverter release, the pole position is identified without any
movement.
0x2C63:002 PPl without movement: Current adjust factor
50 ... [100] ... 500 %
» Setting can only be changed if the inverter is
disabled.
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9.3 Cable check

This function serves to detect wiring errors or cable damage which can cause uncontrolled
movements of the machine during the commissioning phase or during operation. The function
therefore helps to prevent machine damage and serves to correct these errors as quickly as
possible.

The Cable Check function should be executed manually by the user while the machine is
commissioned, in order to identify typical errors that may occur during the machine
installation.

Typical errors

¢ The motor encoders are connected to the wrong device before initial switch-on, whereas
the motor is connected to the right device. If the motor encoders that are incorrectly
connected are of the same type, the motor encoder monitoring does not detect any error.

¢ The motor encoders are connected to the right device, however, the motor is connected to
the wrong device.

¢ The connection of the motor phases to the device is reversed.
¢ Individual wires of the rotary transducer are connected incorrectly.
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How to manually execute the Cable Check function:
Preconditions
¢ The motor can remain coupled to the kinematics.
- Inthe case of drives without a motor holding brake, the rotor must be able to move by
20 ° (electrically). This makes it necessary to set the operating mode of the motor
holding brake to "No brake connected".0x2820:001 » 0x2820:001 =2

- In the case of drives with a motor holding brake, the test is performed against the
closed motor holding brake. In the following parameter, the operating mode must be
set to 0 or 1. 0x2820:001 » 0x2820:001

¢ The device must not be in the Fault state.

e 24V supply voltage must be available.

¢ The display on the front of the blue LED shows ON or is blinking.

¢ The device must be supplied with mains voltage. Parameter status 0x6041, Bit 40x6041, Bit
4 =TRUE

¢ The device must not be in the STO state. The safety functions must be parameterized.
Parameter status: 0x6041, Bit 15 0x6041, Bit 15 = FALSE

¢ The motor data must be set correctly.

¢ No error message must be active. Parameter status: 0x6041, Bit 3 0x6041, Bit 3 = FALSE. If
an error message is active, first remove these errors and reset the error message.

¢ The motor control must be set to:

- Servo control - synchronous motor (SM) or

- Servo control - asynchronous motor (ASM)

The function only supports these two motor controls.
e The behavior after switch-on must be set. 0x2C64 = 0.

Open the »EASY Starter« engineering tool.

Establish an online connection to the device.

Call the Motor commissioning tab in the workspace of the »EASY Starter«.

Call the Feedback tab there.

In the jalousie Cable check: Motor and motor encoder, execute the Cable Check function.

The Cable Check function is now activated.

6. Activate the device via the CiA402 control word 0x6040 » 0x6040 or 0x6048 0x6048 for
axis B

Execution of the function is indicated as completed in the »EASY Starter«after approx. one

second. Additionally, the »EASY Starter« indicates whether an error has occurred during the
check:

vk e

The Cable Check function can always be started via the Execute Cable Check button
if the preconditions for this are met.

No error detected by the Cable Check function
The device changes to the "Operation enabled" state.

» Deactivate the device. e.g. via the control word. You can do this using keys F8 / F9 in
the »EASY Starter«.

¢ Deactivate the Cable Check function via the parameter and set a selection other than 15.
0x2825 0x2825

Error detected by the Cable Check function

If the Cable Check function detects an error, the i700 servo inverter automatically changes to
the Fault status.
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P
How to remove errors:

1. Consult the logbook to identify the error causes.

2. Switch off the power supply and 24 V supply of the device.
3. Check the wiring and correct it, if necessary.

4. Execute the test again.

therefore only valid as long as no other function using this status word is active.

0 The "ldentification" status word is also used by other functions. The display is
0x28320x2832

During operation, the Cable Check function can be automatically executed by the device itself,
in order to detect damage on the motor or motor encoder already when the machines are
switched on.

Damage during operation

Typical damage that may occur during operation

* Wire breakage on the motor encoder and/or motor cable
*  Whole motor encoder cable and/or motor cable torn off
¢ Screwed connections that are loosening

* Loose contacts

Starting condition for the Cable Check

The following starting conditions can be set for the automatic Cable Check function:
¢ Check only at initial switch-on or after motor encoder error 0x2641:001 0x2641:001 =1
¢ Check after every switch-on 0x2641:0010x2641:001 = 2

6 Observe the line diagrams for configuring the controller.
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How to carry out the Cable check automatically
Preconditions
¢ The motor can remain coupled to the kinematics.
- Inthe case of drives without a motor holding brake, the rotor must be able to move by
20 ° (electrically). This makes it necessary to set the operating mode of the motor
holding brake to "No brake connected".0x2820:001 » 0x2820:001 =2

- In the case of drives with a motor holding brake, the test is performed against the
closed motor holding brake. In the following parameter, the operating mode must be
set to 0 or 1. 0x2820:001 » 0x2820:001

¢ The device must not be in the Fault state.
e 24V supply voltage must be available.
¢ The display on the front of the blue LED shows ON or is blinking.

¢ The device must be supplied with mains voltage. Parameter status 0x6041, Bit 40x6041, Bit
4 =TRUE

¢ The device must not be in the STO state. The safety functions must be parameterized.
Parameter status: 0x6041, Bit 15 0x6041, Bit 15 = FALSE

¢ The motor data must be set correctly.

¢ No error message must be active. Parameter status: 0x6041, Bit 3 0x6041, Bit 3 = FALSE. If
an error message is active, first remove these errors and reset the error message.

¢ The motor control must be set to:

- Servo control - synchronous motor (SM) or

- Servo control - asynchronous motor (ASM)

The function only supports these two motor controls.
e The behavior after switch-on must be set. 0x2C64 = 0.

Open the »EASY Starter« engineering tool.

Establish an online connection to the device.

Call the Motor commissioning tab in the workspace of the »EASY Starter«.

Call the Feedback tab there.

In the jalousie Cable check: Motor and motor encoder, execute the Cable Check function.
The Cable Check function is now activated.

vk e

6. In a last step, changed settings must be saved with mains failure protection.

When the pole position identification is set after every switch-on and Cable Check,
the pole position identification is carried out first, followed by the Cable Check.

Depending on the parameter setting in 0x2C64:1, the Cable Check starts automatically if the
controller activates operation of the device via the CiA402 control word. The check takes
approx. one second. During this time, 0x2C64, bit 1 is = TRUE A possibly available motor
holding brake remains closed. In this case, the rotor is moved against the closed motor
holding brake. If no motor holding brake is available, the rotor of the motor is moved
electrically by approx. 20 °. The device remains in the switched-on state until the cable check
has been completed.

The Cable Check function can always be started via the Execute Cable Check button
if the preconditions for this are met.

Possible error sources
¢ Failure of a motor phase
e Incorrect direction of rotation detected.
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Cable check

Address

Name / setting range / [default setting]

Information

0x2C64:001

Cable Ch

eck: Behavior after switch on

« Setting can only be changed if the inverter is
disabled.

0

No action

[any

Check at first switch on/after feedback error

2

Check at every switch on

0x2C64:002

Cable Ch

eck: Status word

¢ Read only

Bit O

Cable check enabled

Bit 1

Cable check running

Bit 2

Cable check completed

Bit 3

Cable check failed
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10 Configuring the motor control

This chapter contains all functions and settings relevant for the motor control.

Basic procedure of commissioning the motor control

In the first step, the rated data of the motor must be set. The other steps depend on the
respective application case.

There are several options for setting the motor data and optimising the control loops.
Basically, you can select between a manual and an automatic process. Whether a setting can
be applied or not depends on the motor (Lenze motor yes/no) and the application. If possible,
use the possible setting listed first in the following diagram since this one leads to the most
accurate results.

-

Setting of motor data Possible settings:
a) Using data from motor catalogue

b) Entering data manually (e.g. from the nameplate)

V'S

Options:
Servo control (SC-PSM) [1], Servo control(SC-ASM) [2],
V/f-control (open loop) [6]

Motor control selection

-~

Parameterisable functions:
Current control, speed control, position control V/f voltage boost, skip frequencies, optimisation of the
stalling behaviour,

Optimisation of motor control

-

Possible settings:
Inverter characteristic a) ldentifying data automatically (by inverter)
b) Loading preset inverter characteristics

-

Possible settings:

a) ldentifying data automatically (by inverter)
b) Using data from the motor catalogue

c) Entering data manually

Motor
equivalent circuit data

-

Possible settings:

Position controller / - Entering data manually
speed controller

-~

Possible settings:
Current controller - Entering data manually
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Servo control for synchronous motor (SC-PSM)
Required commissioning steps

10.1  Servo control for synchronous motor (SC-PSM)

The motor control is based on a feedback, field-oriented and cascaded controller structure
and enables a dynamic and stable operation in all four quadrants.

Preconditions
* The servo control (SC-PSM) is only suitable for synchronous motors.
¢ The servo control (SC-PSM) requires a feedback of the position.

10.1.1 Required commissioning steps

1. Check wiring by means of manual test modes: Testing the motor control 2202
2. Activate motor control type: 0x2C00 = "Servoregelung (SC-PSM) [1]".
3. Set motor data: Motor data 143
4. Set motor monitoring:
- Motor temperature monitoring 197
5. Configuring the feedback system L1197

6. Only required for motors of other manufacturers:
- Set and optimise current controller: Current controller 166
- Correction of the stator leakage inductance (Lss)... 1176
- Synchronous motor: Pole position identification (PPI) 116
7. Only required for an automatic calculation of the speed controller parameters:
- Define total moment of inertia: Tuning of the motor and the speed controller 157
8. Set speed controller: Speed controller 11 163.
9. Set position controller: Position controller L1173
10. Optional: Synchronous motor (SM): Compensate temperature and current influences 2181
11. Optional: Jerk limitation 1185
12. Optional: Notch filter (band-stop filter) 2186
13. Optional: Short-circuit braking 2150
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Servo control for asynchronous motor (SC-ASM)
Required commissioning steps

10.2  Servo control for asynchronous motor (SC-ASM)

The motor control is based on a feedback, field-oriented and cascaded controller structure
and enables a dynamic and stable operation in all four quadrants.

Preconditions
* The servo control (SC ASM) is only suitable for asynchronous motors.
¢ The servo control (SC ASM) requires a feedback of the position.

10.2.1 Required commissioning steps

Check wiring by means of manual test modes: Testing the motor control 2202
Activate motor control type: 0x2C00 = "Servo control (SC ASM) [2]".

Set motor data: Motor data 043

Configuring the feedback system 197

uie N e

Only required for motors of other manufacturers:
- Set and optimise current controller: Current controller 2 166
- Correction of the stator leakage inductance (Lss)... (1176
6. Only required for an automatic calculation of the speed controller parameters:
- Define total moment of inertia: Tuning of the motor and the speed controller 157
7. Set speed controller: Speed controller 11 163.
8. Set position controller: Position controller L1173
9. Only required for motors of other manufacturers:
- Set field controller: ASM field controller 1 169
- Set field weakening controller: ASM field weakening controller 170
10. Optional: Correction of the stator leakage inductance (Lss)... L3176
11. Optional: Asynchronous motor (ASM): Identifying Lh saturation characteristic £182
12. Optional: Estimate optimum magnetising current L1184
13. Optional: Jerk limitation 1 185
14. Optional: Notch filter (band-stop filter) 2186
15. Optional: DC braking 2149
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Sensorless control for synchronous motor (SL-PSM)
Expert settings

10.3  Sensorless control for synchronous motor (SL-PSM)

10.3.1 Expert settings
Parameter
Address Name / setting range / [default setting] Information
0x2C11:001 High speed range: Lower limit Definition of the lower limit of the high speed range.
10 ... [20] ... 100 % * The lower limit has a permanent hysteresis of 5 %.
0x2C11:002 High speed range: Tracking controller gain Gain factor for tracking the rotor position in the motor model.
0...[250] ... 65535 %
0x2C11:003 High speed range: Tracking controller reset time Reset time for tracking the rotor position in the motor model.
0.00 ... [6.00] ... 655.35 ms
0x2C11:004 High speed range: Tracking controller decouple time | Temporal hysteresis for the switching back and forth from the open-loop
0.00 ... [0.00] ... 655.35 ms controlled to the closed-loop controlled operation.
0x2C12:001 SM low speed range: Acceleration current R.m.s. current value for acceleration processes in the lower velocity
0...[100] ... 400 % range.
e 100 % = Rated motor current (0x6075)
¢ Inthe lower speed range and during the acceleration phase, the
current setpoints of 0x2C12:001 and 0x2C12:002 are added and
injected to the motor.
0x2C12:002 SM low speed range: Standstill current R.m.s. current value for processes without acceleration (for instance

0...[20] ... 400 %

standstill or constant setpoint speed) in the lower velocity range.
* 100 % = Rated motor current (0x6075)

* Inthe lower speed range and during the acceleration phase, the
current setpoints of 0x2C12:001 and 0x2C12:002 are added and
injected to the motor.

Note!

At the "100 %" setting, a motor current flows at standstill and at
constant speed. The r.m.s. value of this motor current is greater than the
rated motor current by a factor of sqrt(2) at standstill. The reason for
this is that a DC current is injected into the synchronous motor at a
standstill. The correct rated motor current flows when the motor turns.
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Sensorless vector control (SLVC)
Expert settings

10.4  Sensorless vector control (SLVC)

10.4.1 Expert settings

Parameter

Address Name / setting range / [default setting] Information

0x2B40:003 SLVC: Q-Feedforward Feedforward control for the SLVC Q controller.
0.00 ... [0.00] ... 10000.00

0x2B40:004 SLVC: D-Feedforward Feedforward control of the SLVC-D controller.
0.00 ... [0.00] ... 10000.00
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V/f characteristic control for asynchronous motor (VFC open loop)
Required commissioning steps

10.5 V/f characteristic control for asynchronous motor (VFC open loop)

The V/f characteristic control is a motor control for conventional frequency inverter
applications. It is based on a simple and robust control mode for the operation of
asynchronous motors with a linear or square-law load torque characteristic (e.g. fan). Because
of the minimal parameterisation effort, such applications can be commissioned easily and
quickly.

Preconditions
» The V/f characteristic control is only suitable for asynchronous motors.

» If you want to actuate a drive with a square-law V/f characteristic: Please always check
whether the corresponding application is suitable for operation with a square-law V/f
characteristic!

* Set the motor data according to the information on the nameplate of the motor. » Motor
data @43

10.5.1 Required commissioning steps

1. Check wiring by means of manual test modes. » Testing the motor control 1202
2. Activate motor control type: 0x2C00 = "V/f characteristic control (VFC open loop) [6]".
3. Set limiting factors for the V/f characteristic:
1. 0x2540:001, Rated mains voltage
2. 0x2B01:001, Base voltage
3. 0x2B01:002, Base frequency
4. Set and optimise current controller » Current controller. i 166
Setting and optimising the current controller is only required if at least one of the following
functions is active:
- Voltage vector control » Activate voltage vector control (Imin controller) 142
- DC braking » DC braking 149
- Flying restart function » Flying restart circuit 147

5. Select a characteristic shape suitable for the application » Define V/f characteristic shape.
1139

Set voltage boost L1143
Activate voltage vector control (Imin controller) 142
Imax controller L1172

© o N

Optional » Set load adjustment (1144
10. Optional » Flying restart circuit 1147
11. Optional » Set slip compensation 1144
12. Optional » Set oscillation damping 145
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V/f characteristic control for asynchronous motor (VFC open loop)
Basic setting

10.5.2  Basic setting

The base voltage and the base frequency define the ratio of the two variables and thus the
gradient of the V/f characteristic.

\% \%
Reference point — Reference point —
voltage voltage
0x2B01:1 0x2B01:1
0 > fset 0 > fset
0 Reference point 0 Reference point
frequency frequency
0x2B01:2 0x2B01:2
Parameter
Address Name / setting range / [default setting] Information
0x2B01:001 V/f shape data: Base voltage Base voltage and base frequency define the V/f ratio and thus the
0...[225] ... 5000 V gradient of the V/f characteristic.
0x2B01:002 V/f shape data: Base frequency » The V/f base voltage is usually set to the rated motor voltage
0...[270] ... 5000 Hz 0x2C01:007.
« The V/f base frequency is usually set to the rated motor frequency
0x2C01:005.
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Define V/f characteristic shape

Configuring the motor control

V/f characteristic control for asynchronous motor (VFC open loop)

Define V/f characteristic shape
Linear V/f characteristic

For adaptation purposes to different load profiles, you can select the shape of the
characteristic:

Parameter
Address Name / setting range / [default setting] Information
0x2B00 V/f characteristic shape Selection of the V/f characteristic shape for the adaptation to different
* Setting can only be changed if the inverter is load profiles.
disabled.
0 |Linear Linear characteristic for drives with constant load torque over the speed.
» Linear V/f characteristic (0139
1| Quadratic Square-law characteristic for drives with a square-law load torque over
the speed.
e Square-law V/f characteristics are preferably used for centrifugal
pumps and fan drives.
« Please always check whether the corresponding application is suitable
for operation with a square-law V/f characteristic!
* If your pump drive or fan drive is not suitable for operation with a
square-law V/f characteristic, use the linear V/f characteristic instead.
» Square-law V/f characteristic £1139
2| Adaptive User-definable characteristic with 3 grid points.
3 |Eco Linear characteristic with energy optimisation in the partial load
operational range.
10.5.3.1 Linear V/f characteristic

The linear V/f characteristic leads to a constant torque.

10.5.3.2

Square-law V/f characteristic

The square-law V/f characteristic is typically used in heating, ventilation and climate
applications to control the speed of fans and centrifugal pumps.
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Define V/f characteristic shape

User-definable V/f characteristic

10.5.3.3  User-definable V/f characteristic

The "user-definable V/f characteristic" is provided for the individual adjustment of the motor

magnetisation to the actual application if linear and square-law characteristics are not

suitable.

» The characteristic is defined by means of 11 parameterisable grid points (voltage/
frequency values).

¢ Inthe Lenze setting the 11 grid points represent a linear characteristic:

'y

uv]

P1 400+

320

240+

160+

80+

-50 -40 -30 -20 -10 0 10 20 30 40 50  f[Hz]

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11
Vv 400V 320V 240V 160V 80V ov 80V 160V 240V 320V 400 V
f -50 Hz -40 Hz -30 Hz -20 Hz -10 Hz 0 Hz 10 Hz 20 Hz 30 Hz 40 Hz 50 Hz
Parameter
Address Name / setting range / [default setting] Information
0x2B02:001 Frequency grid points (x) user V/f characteristic: x1 = | Freely parameterizable V/f characteristic (values for X axis). These
fo1 settings define the adaptive frequency values.
-5000 ... [-50] ... 5000 Hz
0x2B02:002 Frequency grid points (x) user V/f characteristic: x2 =
f02
-5000 ... [-40] ... 5000 Hz
0x2B02:003 Frequency grid points (x) user V/f characteristic: x3 =
fo3
-5000 ... [-30] ... 5000 Hz
0x2B02:004 Frequency grid points (x) user V/f characteristic: x4 =
foa
-5000 ... [-20] ... 5000 Hz
0x2B02:005 Frequency grid points (x) user V/f characteristic: X5 =
fos
-5000 ... [-10] ... 5000 Hz
0x2B02:006 Frequency grid points (x) user V/f characteristic: x6 =
foe
-5000 ... [0] ... 5000 Hz
0x2B02:007 Frequency grid points (x) user V/f characteristic: x7 =
fo7
-5000 ... [10] ... 5000 Hz
0x2B02:008 Frequency grid points (x) user V/f characteristic: x8 =
fo8
-5000 ... [20] ... 5000 Hz
0x2B02:009 Frequency grid points (x) user V/f characteristic: x9 =
f09
-5000 ... [30] ... 5000 Hz
0x2B02:010 Frequency grid points (x) user V/f characteristic: x10 =
f10
-5000 ... [40] ... 5000 Hz
0x2B02:011 Frequency grid points (x) user V/f characteristic: x11 =
f11
-5000 ... [50] ... 5000 Hz
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Define V/f characteristic shape
User-definable V/f characteristic

Address

Name / setting range / [default setting]

Information

0x2B03:001

Voltage grid points (y) user V/f characteristic:

(x = fo1)
0.00 ... [400.00] ... 1000.00 V

yl=U01

0x2B03:002

Voltage grid points (y) user V/f characteristic:

(x = f02)
0.00 ... [320.00] ... 1000.00 V

y2 = U02

0x2B03:003

Voltage grid points (y) user V/f characteristic:

(x = f03)
0.00 ... [240.00] ... 1000.00 V

y3=U03

0x2B03:004

Voltage grid points (y) user V/f characteristic:

(x = f04)
0.00 ... [160.00] ... 1000.00 V

v4 = U04

0x2B03:005

Voltage grid points (y) user V/f characteristic:

(x = f05)
0.00 ... [80.00] ... 1000.00 V

y5 = U05

0x2B03:006

Voltage grid points (y) user V/f characteristic:

(x = f06)
0.00 ... [0.00] ... 1000.00 V

v6 = U06

0x2B03:007

Voltage grid points (y) user V/f characteristic:

(x =f07)
0.00 ... [80.00] ... 1000.00 V

y7 =U07

0x2B03:008

Voltage grid points (y) user V/f characteristic:

(x = f08)
0.00 ... [160.00] ... 1000.00 V

y8 =U08

0x2B03:009

Voltage grid points (y) user V/f characteristic:

(x = f09)
0.00 ... [240.00] ... 1000.00 V

v9 = U09

0x2B03:010

Voltage grid points (y) user V/f characteristic:

U10 (x = f10)
0.00 ... [320.00] ... 1000.00 V/

y10 =

0x2B03:011

Voltage grid points (y) user V/f characteristic:

U11 (x = f11)
0.00 ... [400.00] ... 1000.00 V

yll=

Freely parameterizable V/f characteristic (values for Y axis). These
settings define the adaptive voltage values.
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Activate voltage vector control (Imin controller)

10.5.4 Activate voltage vector control (Imin controller)

The voltage vector control is used if a comparatively high starting torque must be provided.
This function ensures that the required motor current is maintained in the lower speed range.

NOTICE

The boost function described here adds to the » Set voltage boost function. 1143
Only set one of the two "boost" functions.

» Recommendation: torque increase in the lower speed range

» Take into consideration that the increased current at low speeds also entails higher heat
losses of the motor.

¢ The voltage vector control is activated by defining a current setpoint.

¢ For the automatic calculation of the control parameters, the "Calculate Imin controller"
function is provided via parameter .

Parameter
Address Name / setting range / [default setting] Information
0x2822:018 Axis commands: Calculate Imin controller parameter |V/f operation: Calculate minimum current controller parameters.
0| Off/Ready
1|On/Start
2 |In progress
3| Action cancelled
4| No access
5| No access (Device disabled)
0x2B04 V/f boost controller - current setpoint Setting of the current setpoint for the voltage vector control.
0.00 ... [0.00] ... 500.00 A » The setting "0.00 A" deactivates the voltage vector control.

* When defining the current setpoint, we recommend you to provide a
reserve of 20 % in order to largely exclude a "stalling" of the motor
caused by unexpected additional loads.

* Example for starting torque = rated motor torque: Set the current
setpoint to approx. 120 % of the load current.

0x2B05:001 V/f boost controller settings: Gain Setting of the gain for the voltage vector control.
0.00 ... [148.21] ... 750.00 V/A
0x2B05:002 V/f boost controller settings: Reset time Setting of the reset time for the voltage vector control.
0.01 ... [3.77] ... 2000.00 ms
0x2B05:003 V/f boost controller settings: Dynamic current
setpoint
0.00 ... [0.00] ... 500.00 A
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10.5.5 Set voltage boost

As an alternative for the “Activate voltage vector control (Imin controller)” function, a
constant, load-independent voltage boost can be specified for low speeds (below the V/f rated
frequency) or for a motor standstill in order to optimize the starting performance.

/A WARNING!

Insufficient cooling of the motor due to longer operation at standstill.
If the motor is operated at standstill for a longer time - especially in case of smaller motors -
the motor can be destroyed by overtemperature!

» Connect the PTC thermistor (single sensor according to DIN 44081 or triple sensor according
to DIN 44082) or thermal contact (normally-closed contact) » Motor temperature
monitoring. (1197

» Parameterise and activate the » Motor overload monitoring (i®xt). L3189

NOTICE

The voltage boost is added to the function » Activate voltage vector control (Imin
controller). 1142

Only set one of the two "boost" functions.

Recommendation: voltage vector control

the start of the speed ramp function generator. The bigger the motor the longer the
time required for magnetisation. A motor with a power of 90 kW requires up to 2
seconds.

6 For magnetising the motor, consider a sufficient time from the controller enable to

Depending on the required starting torque, the voltage boost must be set so that the required
motor current will be available after controller enable.

¢ The voltage boost can be calculated by multiplying the stator resistance by the rated
magnetising current:

Starting current ~ VBoost = RS X lmN

\% Y
Reference point Reference point
voltage voltage
VBoost N VBoost N
0 T fset 0 T fset
0 Reference point 0 Reference point
frequency frequency

¢ Optionally, the voltage boost can be determined empirically by increasing the setting until
the rated magnetising current flows.

¢ The voltage boost is added geometrically to the voltage of the characteristic:

_ 2 2
V= \/V characteristic +V Boost

Parameter

Address Name / setting range / [default setting] Information

0x2B06 Voltage boost Setting of the voltage boost for the voltage vector control.
0.0...[0.0] ... 100.0 V
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10.5.6 Set load adjustment

/A\ CAUTION!

If the load adjustment is too high, the motor current may increase in idle state and the motor
may overheat!

Parameter
Address Name / setting range / [default setting] Information
0x2B07:001 Load adaption: Direction of rotation Selection for adapting the characteristic as a function of the load in case
+ Setting can only be changed if the inverter is of CW and CCW rotation.
disabled.
0| Passive load
1|Active load CCW
2| Active load CW
0x2B07:002 Load adaption: Load adaption value Setting of the load adaptation in [%] proportionally to the rated motor
0.00 ... [20.00] ... 200.00 % torque to obtain an appropriately "rigid" drive behavior even after start-
up.
 For starting torque = rated motor torque, a load adaptation of 50 % is
suitable for most applications.

10.5.7 Set slip compensation

The speed of an asynchronous motor decreases as load is applied. This load-dependent speed
drop is called “slip”. The slip compensation serves to counteract the load-dependent speed
loss.

Observe correct parameterisation of the rated motor frequency 0x2C01:005 and
the rated motor speed 0x2C01:004. Both parameters serve to calculate the rated

motor slip.
Parameter
Address Name / setting range / [default setting] Information
0x2B09:001 Slip compensation: Gain Adjustment in percent of the slip calculated.
-200.00 ... [0.00] ... 200.00 % + For instance required for deviations of the real motor data from the
nameplate data.
* Asetting of 100 % corresponds to the rated slip of the machine in the
nominal operating point.
0x2B09:002 Slip compensation: Filter time Filter time for the slip compensation.
1...[2000] ... 6000 ms
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N,

10.5.8 Set oscillation damping

The oscillation damping serves to reduce the oscillations during no-load operation which are
caused by energy oscillating between the mechanical system (mass inertia) and the electrical
system (DC bus). Furthermore, the oscillation damping can also be used to compensate for
resonances.

Damping is possible only for constant oscillations at a steady-state operating point.
Oscillations occurring sporadically cannot be damped.

Oscillation damping is not suitable for oscillations occurring during dynamic
processes (e.g. accelerations or load changes). Oscillation damping is only active if
the setpoint speed is greater than 10 rpm and the DC-bus voltage exceeds a value
of 100 V.

The determination of the oscillation is based on the active current. In order to obtain the
alternating component of the active current, this current is differentiated. This signal is then
passed through a PT1 filter.

...........................................................

Oscillation damping

0x2B0A:002 0x2B0A:002
Time constant Limitation

0x2DD1:002
Actual
active current !

Rotational
frequency
setpoint 0x2B0OA:001
Gain
0x2B0A:004

Final ramp frequency

Identification of the oscillation
Before the oscillation damping can be parameterised, the oscillation must be identified. One

option is to look at the motor current when the oscillation damping is switched off (gain = 0
%). The oscilloscope function of the »PLC Designer« enables to record the following currents:

e Qcurrent 0x2DD1:002

e Total current 0x2DD1:005

A passive load and continuous operation with constant speed (steady-state operation) result
in a constant current. If the drive oscillates, the motor current oscillates as well. This makes it
possible to detect the frequency and amplitude of the oscillation by means of the AC
component in the motor current. Hereinafter this AC component will be referred to as
"current oscillation".
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Parameter setting
The gain of the oscillation damping is to be set according to the following equation:

current amplitude

oscillation damping gain= x100%

J2 xmax. device current

The time constant must be set so that the oscillation can be dampened, but that higher-
frequency components are filtered from the signal. The time constant is determined from the
reciprocal value of the double current oscillation frequency:
1
2 x oscillation frequency

time constant=

The calculated oscillation frequency can be limited before being added to the rotating field
frequency. The maximum frequency can be derived from the amplitude of the current
oscillation, the rated motor current and the slip frequency of the connected motor:

2 x current oscillation amplitude .
max. frequency = xrated slip frequency
rated motor current

Parameter
Address Name / setting range / [default setting] Information
0x2B0A:001 Oscillation damping: Gain Gain of the oscillation signal.
-100 ... [20] ... 100 % » With the setting 0, oscillation damping is deactivated.
0x2B0A:002 Oscillation damping: Filter time Time constant of the PT1 filter.
1...[5]...600 ms
0x2B0A:003 Oscillation damping: Limitation Limitation of the calculated oscillation frequency.
0.1...[0.2] ... 20.0 Hz
0x2B0A:004 Oscillation damping: Final ramp frequency Ramp end frequency from which the gain factor is expected to have
0...[0]...100 % reached its rated value.

« By setting a ramp end frequency, a possible negative impact of the
oscillation damping on the concentricity factor in the lower speed
range can be reduced.

* The ramp end frequency refers to the rated motor frequency in
percentage terms.

10.5.9 Optimising the stalling behaviour

The stalling protection function or the maximum permissible motor current in the field

weakening range can be adapted.

e |If the motor stalls in the field weakening range, the override point can be shifted by
reducing the set value so that the motor stalling can be prevented.

¢ If the motor does not provide enough torque in the field weakening range, the set value
must be increased.

Parameter

Address Name / setting range / [default setting] Information

0x2B0C Override field weakening Offset of the override point for field weakening.
-500.0 ... [0.0] ... 500.0 Hz
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10.5.10 Flying restart circuit

The "flying restart" function serves as a protective function against high compensation
currents. High compensation currents can occur in the V/f characteristic control if the drive is
not at standstill at the time the inverter is enabled. The "flying restart" function detects the
motor speed by means of a test current and uses this information to define the frequency
setpoint.

/\CAUTION!
If the "flying restart" function is deactivated and the inverter is not enabled at standstill, the
output voltage and the output frequency do not match the current motor speed.

High compensation currents may flow! First the drive is braked towards 0 Hz to be then
accelerated again!

» Ensure that the drive is at standstill before the inverter is enabled.

Flying restart process
If this function is active, the flying restart process starts after the inverter is enabled.

1. The inverter reports the started flying restart process to the Controller via bit 8 in the
Lenze status word0x2831.
If a speed is found, it is reported to the Controller via bit 9 in the Lenze status word.

3. The Controller reports to the inverter via bit 0 in the Lenze control word 0x2830 that the
detected speed has been accepted. As long as this is not the case, no further flying restart
process is possible.

OperationEnabled

0x2831| [ Bit8: Flying restart running |

Search... = -
0x2831 | | Bit 9: Flying restart ready |
0x2BA6 | Found velocity |
0x2830 | Bit O: Flying restart acknowledge rl

Parameter setting

The flying restart algorithm needs a motor voltage as exact as possible. Thus, a

6 previous detection of the inverter error characteristic is absolutely necessary.
Compensate inverter influence to output voltage In addition to the exact motor
voltage, a detailed knowledge of the stator resistance is required. If the flying
restart process does not work as desired, slightly adapt the setting of the stator
resistance in the 0x2C01:002 object. Bit 1 in the Lenze control word 0x2830 serves
to block a flying restart process.

The flying restart process involves a control loop, the controller parameter 0x2BA3 of which
must be adapted to the motor. The automatic calculation is made with the parameter
» 0x2822:022.

The actual flying restart process can be adjusted via the following parameters:
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Parameter
Address Name / setting range / [default setting] Information
0x2BA0 Activate flying restart Activation of the additional "flying restart" function.

If the "flying restart" function is activated ("1: on") and the inverter

disable is deactivated, a flying restart process is automatically started for

determining the current motor speed if the following conditions are
met:

» The V/f characteristic control is set as motor control.

* The CiA402 mode is selected as drive mode.

* The "flying restart" function is not blocked via bit 2 in the Inverter
control word (0x2830).

* No DC-injection braking is active.

* No motor phase failure has been identified.

0| Off
1/0n
2| Without acknowledge or blocking
0x2BA1 Flying restart circuit
0...[15] ... 100 %
0x2BA2 Start frequency Start frequency of flying restart algorithm
-600.0 ... [20.0] ... 600.0 Hz « If it is foreseeable at which frequency the motor can be restarted on
the fly, set the frequency here.
0x2BA3 Integration time Integration time of the angle controller
1...[600] ... 60000 ms » The default setting is adapted for medium-power machines.

* A guide value for the integration time can be calculated as a function
of the motor power with the following equation: Ti = 1.1 u/W * Rated
power (0x2C01:006) + 9.4 ms

* For accelerating the search process, this guide value can be reduced.

« If the flying restart frequency oscillates too much, increase the
integration time again.

* Alonger integration time extends the time for a flying restart of the
drive.

0x2BA4 Minimum deviation Setting of the minimum permissible deviation.
0.00 ... [5.00] ... 90.00 °
0x2BA5 Delay time In order to prevent the start of a flying restart process if the controller
0...[0] ... 10000 ms inhibit time is too short, a minimum active time for the inverter disable
can be set here in order that a flying restart process will be started.

As a pulse inhibit > 500 ms causes a controller inhibit, this also applies to

pulse inhibit.

0x2BA6:001 Result: Determined speed [rpm] Display of the determined speed in [rpm].
¢ Read only: x rpm

0x2BA6:002 Result: Determined speed [n unit] Display of the determined speed in [n unit].
* Read only: rpm
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10.6 Parameterisable motor functions
10.6.1 DC braking

The control modes for asynchronous motors provide the opportunity to use the "DC-braking"
function (DC-injection braking) for braking. In this case, the motor control injects a DC current
the amplitude of which is adjustable.

Preconditions

Using the "DC braking" function, the motor control injects a DC current, the amplitude of
which is adjustable in the 0x2B80 parameter. To this end, it is necessary that the current
control is adapted to the corresponding motor. For setting and optimising the current
controller, see Current controller. (166

Details

The function can be used as follows:
1. "DC braking" can be parameterised via bit 6 in the Lenze control word 0x2830.

In this case, the motor system itself can be used as an energy converter.

This option is useful if

- the system is not provided with a brake resistor required for absorbing the braking
energy. This method requires that a sufficient braking torque can be achieved with "DC
braking".

- the power of the brake chopper to be transformed is limited and thus must be
exclusively used for the main drives of the DC network. The quality of the deceleration
ramp via "DC braking" is sufficient for auxiliary drives and unburdens the brake
chopper.

- afandrive is to be braked in the V/f characteristic operation.
2. "DC braking" can be parameterised as a response to minor faults.
An example of a minor fault is the error of an encoder of an asynchronous machine. Due to

the error, the quick stop function cannot be executed anymore. An alternative is provided
by the guided shutdown with a minor deceleration via the "DC braking" function.

Parameter

Address Name / setting range / [default setting] Information

0x2B80 Current for DC-injection braking Braking current for DC-injection braking
0.00 ... [0.00] ... 500.00 A

149



Configuring the motor control 2000

Parameterisable motor functions
Short-circuit braking

10.6.2  Short-circuit braking

The control modes for synchronous motors provide the opportunity to use "short-circuit
braking" for braking.

The effect of short-circuit braking on the deceleration behaviour depends on the motor
properties, the effective cable length, the load inertia and the initial speed value (starting
point). Primarily, short-circuit braking serves to transform a part of the kinetic energy into heat
energy which unburdens external brake assemblies and limit position dampers.

In some constellations it is not possible to decelerate the speed of a synchronous
motor to zero by means of "short-circuit braking"!

Compared to the "quick stop" function, the braking effect is considerably lower.

Preconditions

If short-circuit braking shall be used as the only deceleration means, it is recommended that
the feasibility is previously verified by means of tests. For this purpose, short-circuit braking
can be triggered in the application via bit 6 in the Lenze control word 0x2830. The oscilloscope
function of the engineering tool (e.g. »EASY Starter«) serves to record the following important
parameters:

¢ Actual velocity 0x606C
e Phase current U, V, W 0x2D83:002 ... 0x2D83:004

Details

(KE * speed) and the internal resistance of the system. Thus, it is absolutely
necessary that the ampacity of the servo inverter is based on the maximum
expected short-circuit current. Guide value: | (3s)=21.5* Imax_motor

0 The short-circuit current adjusts itself freely in accordance with the motor voltage

max_device
(according to data sheet / catalog) In case the assignment differs, a rating based on
the currently possible parameters (max. speed, max. motor current, field
weakening, etc.) is required!

The function can be used as follows:
1. "Short-circuit braking" can be parameterised via bit 6 in the Lenze control word 0x2830 if
- the braking energy cannot be converted into heat in a brake resistor.
- e.g.an error has been detected in the encoder system which does not permit a braking
via quick stop.
2. "Short-circuit braking" can be parameterised as a response to minor faults.
- Due to an encoder error, for instance, a quick stop might not be possible anymore.
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10.6.3  Holding brake control

This device function is used for low-wear control of the motor holding brake connected to the
inverter with a supply voltage of 24 V.

The motor holding brake is connected to X106. It is supplied with 24 V via X107.
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Basic setting

10.6.3.1  Basic setting

The following parameters must be set for the activation and basic configuration of the holding
brake control.

Details

The following settings are possible:

» Brake mode ®

¢ For the automatic operation: @
- Brake release time and brake application time
- Torque feedforward control

« Test Brake control ®

* Brake polarity @

® @ ® @

0x2820:002
0x2820:003
0x2820:009

0x2820:010 0x2820:015
0 0x2820:011 0x6041, bit 14 0x2820:005 0x2820:004

I WH I ﬁ‘ﬂ‘@

0x2820:001 0x2820:021

Device status - Auto

0x6040:000, bit14

0x2820:019

Diagnostic parameters:

* Display status of the automatic brake identification: 0x2820:004
» Display signal of the brake logic before the inversion: 0x6041

¢ Display status of the holding brake: 0x2820:015
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Basic setting
Brake mode
Possible settings: 0x2820:001
¢ Manual control via the control word. Das control word depends on the technology
application :
- Technology application CiA 402: 0x6040 Bit 14
- Speed Control technology application: 0x5030:010 Bit 14
- 0:Close holding brake
- 1:Release holding brake
* Control via device state machine (automatic operation):
- The holding brake is controlled as a function of the device state.
- Atorque feedforward control is possible.
The torque is precontrolled for one second. During this time, the actual torque
6 must have reached 90 % of the setpoint torque, otherwise an error is triggered.
- Response times of the holding brake during release and application can be
compensated for.
In the event of an error or when STO ("SafeTorqueOff") is activated, the brake is
applied immediately without considering the set brake application time. The
inverter immediately changes to the switch-on disabled state.
* No brake connected (off):
- holding brake control, automatic brake identification and brake monitoring are
deactivated.
Brake polarity
The control logic of the holding brake can be inverted.
Parameter
Address Name / setting range / [default setting] Information
0x2820:001 Holding brake control: Brake mode Selecting how the "Release holding brake" command is to be triggered.
0 | Automatically (via device state)
1| Manually
2 | Off The holding brake is deactivated.
0x2820:002 Holding brake control: Brake closing time Application time (engagement time) of the holding brake.
0...[100] ... 10000 ms « Only effective in automatic operation.
0x2820:003 Holding brake control: Brake opening time Release time (disengagement time) of the holding brake.
0...[100] ... 10000 ms * Only effective in automatic operation.
0x2820:004 Holding brake control: Brake detection When 0x2825 = 4 (Manual control mode) and the device state changes
 Read only from "switched-on" to "operation enabled", it is detected automatically
0| Detection not started whether a holding brake is connected. The brake identification is
1| Detection ranning repeated after every controller enable.
2| No brake detected
3 | Brake detected
4 | Detection not possible The holding brake control is switched off.
0x2820:005 Holding brake control: Brake polarity The control logic of the holding brake can be inverted.
0 |Normal
1|Inverted
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Brake holding load

6{3{)00

Address Name / setting range / [default setting] Information
0x2820:006 Holding brake control: Brake error response Selection of the response for holding brake monitoring.
In the triggered state, the holding brake is monitored cyclically for the
presence of brake current.
After the brake is connected, the establishment of the brake current is
subject to a time delay in accordance with the inductance. Consequently,
there is a slight delay in detecting wire breakage, a terminal short-circuit
or a missing brake supply.
The response set here occurs when monitoring is triggered.
Note:
The brake is not monitored unless it is triggered.
Associated event ID:
» 537526018 | 0x2009FFO02 - Fault - Motor holding brake
0 |No fault
1| Fault
2 | Warning
0x2820:015 Holding brake control: Brake status
¢ Read only
0 | Brake closed Holding brake is applied.
1|Brake released Holding brake is released.
0x2820:019 Holding brake control: Brake opening time test signal |Setting of the brake opening time when the test signal is transmitted
0...[500] ... 10000 ms (Brake control word bit 0 = 1).
0x2820:023 Holding brake control: Control configuration Selection of which output signal is to be used to control the holding

brake.

0| Via internal brake module The holding brake is controlled via the internal brake module and the
brake output X106.
* The presence of the external 24 V supply for the brake output is

monitored.

* An open-circuit detection is active.
* A parameterized voltage reduction is active.

1| Via external module at X106 The brake output X106 controls a relay or power contactor which
switches the brake supply.

2| Via external module at DIx The holding brake is controlled via the trigger "Release holding brake

[115]".

 This trigger must be assigned to a digital output. The digital output in
turn controls a relay or power contactor which switches the brake
supply.

« The digital output is not suitable for direct control of a holding brake!

« If, instead of an electrically releasing (self-holding) holding brake, an
electrically holding (self-releasing) holding brake is to be controlled, a
signal inversion must be set for the digital output used!

Further setting options:
¢ Manual brake control 1155

10.6.3.2  Brake holding load

Parameter

Address Name / setting range / [default setting] Information

0x2820:013 Holding brake control: Holding load ramptime By setting a ramp time, a vibration stimulation can be reduced that
0...[0] ... 1000 ms might be caused by the brake holding load .

10.6.3.3  Torque feedforward control

Parameter

Address Name / setting range / [default setting] Information

0x2820:009 Holding brake control: Starting torque source Setting of the source for the holding brake starting torque.

0 | Last torque saved

The stopping value saved automatically during the last closing operation
is used as starting torque.

[y

Torque in 0x2820:010

The parameterised starting torque is used (0x2820:010).
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Address Name / setting range / [default setting] Information

0x2820:010 Holding brake control: Starting torque Setting of the feedforward control value for the automatic operation
-3276.8...[0.0] ... 3276.7 % (0x2820:009 = 1).

0x2820:021 Holding brake control: Detected actual torque Display of the torque actual value that is used for the feedforward
e Readonly: x.x % control. 0x2820:009 = 0

10.6.3.4 Manual brake control

The holding brake can be opened or closed manually regardless of its operating status and the
operating state of the inverter. This function can be used, for example. to move the axis
manually in the event of an error.

Note for inverters with Extended Safety:
Manual brake control is only possible if no error is active in the Extended Safety.

Details

The following settings are possible:
¢ Open the holding brake:
- The holding brake remains open until it closed again manually.
¢ Close the holding brake.
¢ Release the holding brake for a fixed time by a start signal and then apply it automatically:
- Time for "Brake released": 0x2820:019
- Start signal: 0x2820:020, bit0=1
- After the time has elapsed > bit0=0

Parameter
Address Name / setting range / [default setting] Information
0x2820:011 Holding brake control: Override of the brake control Mode for override or forced opening/closing of the holding brake
irrespective of the operating mode.
In the event of an error and activated function for forced opening, the
brake is not applied.
0| No override active Mode for override or forced opening/closing of the holding brake
irrespective of the operating mode.
1| Open brake * Inthe event of an error and activated function for forced opening, the
2| Close brake brake is not applied.
3| Test pulse
0x2820:020 Holding brake control: Brake control word Control word for the holding brake.
0x00 ... [0x00] ... OXFF
Bit 0| Transmit test signal

10.6.3.5 Reduction of brake supply voltage

Parameter
Address Name / setting range / [default setting] Information
0x2820:022 Holding brake control: Holding brake supply voltage

75| Reduction on
100 | No reduction
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10.7 Options for optimizing the control loops

The option to be selected depends on the respective application. Depending on the selected
option, different procedures become active and thus different parameter groups are
influenced:

e Rated motor data

¢ Inverter characteristic

¢ Motor equivalent circuit diagram data
¢ Motor controller settings

¢ Speed controller settings

¢ Position controller settings

10.7.1 Automatic motor identification (energized)

Parameter
Address Name / setting range / [default setting] Information
0x2832 Identification status Display of the status for the automatic identification of the motor
¢ Read only parameters.
Bit O|ldentification enabled Parameters for interaction with engineering tools.
Bit 1 |ldentification active
Bit 2 |Identification completed
Bit 3|ldentification failed
0x2DE0:009 Service settings: Motor identification settings Setting for motor identification.
* Read only
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10.7.2  Tuning of the motor and the speed controller

The following describes in general how to optimize the speed controller. This may be required
if some parameters on the load side of the drive system have changed or have not been set
yet, such as:

e Motor moment of inertia
¢ Load moment of inertia
¢ Type of coupling between motor moment of inertia and load moment of inertia

Preconditions
All rated motor data is known and set in the inverter, either by selecting the motor from the
motor catalogue or manually.

» Select motor from motor catalog 44

» Manual setting of the motor data 46

Required steps

Adapt the following parameters to your drive system using the engineering tool. Since this
only changes load-dependent data, the other parameter groups do not need to be calculated
again.

In the engineering tool, the speed control settings can be confirmed via the Initialise button.

o

|E &/ . &

Controller  Application

O O.o

Open Save = Bxport Compare Settings  View Help
File Application Online commands 4 Tool A
| Device list | Display device name (device type) Diagnosis  Settings  Parameterlist Trend  Extras
4 31§ Offiine devices . m
C £ : ~ 00
(1 ] ddd (550 CAN standard 10 50 Hz) El €— | Overview\Motor control\Motor control selection ‘ Qo
B Controller Settings ~
Cumrent controller
Gain i viA
Reset time m ms
Feld weakening controller
mF— Jwn
Volt. reserve range II‘ %
Speed controller
Load inertia m kg cm? Gain |I| Nm./pm
Coupling II‘ With backlash [2] ~ Reset time m ms
Actual speed fiter time II‘ ms
I Type: i550 CAN standard 10 50 H Ensure comect parameterization of cument
,ﬁe the IU dofi : o 2 controller, load and feedback system before
| Bailizaaticils eSS initializing speed controller settings!
Name: ddd
Wersion: 52021
Bus server: Undefined

Device description:i550 CAN standard 10 V05.0

G&Se 7 . ’

f] Mo connection Application changed

DC-bus voltage [F [ Motor current [F [ Motor voltage [F O Velocityactualval . [F [ Output frequency  [F [ Status words: Devi. [F O Error code F O O

il

V A VAC rpm Hz

Parameter

Address Name / setting range / [default setting] Information

0x2910:001 Inertia settings: Motor moment of inertia Setting of the moment of inertia of the motor, relating to the motor.
0.00 ... [0.14] ... 20000000.00 kg cm?
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Address Name / setting range / [default setting] Information
0x2910:002 Inertia settings: Scaled load inertia Setting of the moment of inertia of the load.

0.00 ... [0.00] ... 20000000.00 kg cm? + Always adjust the setting to the current load, otherwise the
optimisation process for the speed controller cannot be executed
successfully.

0x2910:003 Inertia settings: Coupling Selection of the type of coupling between the moment of inertia of the
0 ‘ Stiff motor and that of the load.
0x2910:004 Inertia settings: Mechanical natural frequency Setting of the mechanical natural frequency.
0.0...[0.0] ... 250.0 Hz
0x2910:005 Inertia settings: Load moment of inertia (elastic Setting of the load moment of inertia with elastic coupling
coupled) (0x2910:003 = 1).
0.00 ... [0.00] ... 20000000.00 kg cm?

For further details on the speed controller, see chapter "Speed controller". i1 163
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10.7.3 Inverter characteristic

The settings made can be seen if required, but should not be changed. A wrong
setting may influence the control negatively!
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Compensating for inverter influence

10.7.3.1 Compensating for inverter influence

Conditions for the execution
¢ The motor may be stalled.
¢ The inverter is switched on and error-free.

Response of the motor during performance

If the motor is not braked, the motor will move slightly

Disabling the inverter serves to abort the started procedure any time if required.
Already determined characteristic values are rejected in this case.

How to detect the inverter characteristic:

1. Disable the servo inverter.

2. Change to the "inverter characteristic: identification" operating mode. » 0x2825=8
3. Enable the servo inverter.

The procedure starts.

After the successful completion, the inverter is automatically disabled and the points of the
detected inverter characteristic are set in parameter 0x2947t.

1. Save the changed settings.

2. The inverter characteristic must only be detected again if the servo inverter, the motor or
the motor cable have been replaced.

3. The inverter disable set by the procedure can be deactivated via the control word.

» 0x6040 =7
Parameter
Address Name / setting range / [default setting] Information
0x2947:001 Inverter characteristic: Value y1 The inverter characteristic (consisting of 17 values) is calculated and set
0.00...[0.00] ... 20.00 V in the course of the automatic inverter characteristic identification.
0x2947:002 Inverter characteristic: Value y2
0.00 ... [0.00] ... 20.00 V Note!
0x2947:003 Inverter characteristic: Value y3 Changing these values is not recommended by the manufacturer.
0.00 ... [0.00] ... 20.00 V
0x2947:004 Inverter characteristic: Value y4
0.00 ... [0.00] ... 20.00 V
0x2947:005 Inverter characteristic: Value y5
0.00 ... [0.00] ... 20.00 V
0x2947:006 Inverter characteristic: Value y6
0.00 ... [0.00] ... 20.00 V
0x2947:007 Inverter characteristic: Value y7
0.00 ... [0.00] ... 20.00 V
0x2947:008 Inverter characteristic: Value y8
0.00 ... [0.00] ... 20.00 V
0x2947:009 Inverter characteristic: Value y9
0.00 ... [0.00] ... 20.00 V
0x2947:010 Inverter characteristic: Value y10
0.00 ... [0.00] ... 20.00 V
0x2947:011 Inverter characteristic: Value y11
0.00 ... [0.00] ... 20.00 V
0x2947:012 Inverter characteristic: Value y12
0.00 ... [0.00] ... 20.00 V
0x2947:013 Inverter characteristic: Value y13
0.00 ... [0.00] ... 20.00 V
0x2947:014 Inverter characteristic: Value y14
0.00 ... [0.00] ... 20.00 V
0x2947:015 Inverter characteristic: Value y15
0.00 ... [0.00] ... 20.00 V
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Extended settings for identification

Address Name / setting range / [default setting] Information
0x2947:016 Inverter characteristic: Value y16

0.00 ... [0.00] ... 20.00 V
0x2947:017 Inverter characteristic: Value y17

0.00 ... [0.00] ... 20.00 V

In the event of an error
If an error occurs during the procedure or the pulse inhibit gets active (e.g. due to short-time

undervoltage), the procedure is terminated with inverter disable without the settings being
changed.

10.7.3.2  Extended settings for identification

For determining the characteristic, the current controller is automatically parameterised at
the start of the identification process. In case of motors with a very low stator leakage
inductance (< 1 mH), the automatic parameterisation can fail and the actual identification
process is aborted with an error message such as "short circuit".

¢ For this case, it is possible to set the current controller manually via the 0x2942 parameter.

e The 0x2DE0:001 parameter serves to select whether the current controller should be
calculated automatically or the values in 0x2942 are effective.

Parameter
Address Name / setting range / [default setting] Information
0x2DE0:001 Service settings: Current controller identification Whether the current controller shall be adapted automatically for the
settings identification or set manually, is selected via:
0| Automatic e 0x2942:001 (Gain)
1| Manuell (0x2942) e 0x2942:002 (Reset time)
0x2DEO0:003 Service settings: Resolver - position detection Setting of the dynamics for the resolver evaluation.
dynamics ¢ 100% = max. dynamics
20...[100] ... 100 % e <100% = reduced dynamics
0x2DEO0:004 Service settings: Resolver - 8 kHz safety signal Usually ,the Der 8-kHz carrier frequency is only activated for the safety
0| Automatisch durch Geritetyp version. This parameter can also be used to switch it on and off.
1/0n
2| Aus
0x2DE0:007 Service settings: Use measured voltage Activation of voltage measurement.
ol Aus Only for devices for which voltage measurement is possible.
1/0n

10.7.3.3  Load standard inverter characteristic

If none or only one faulty inverter characteristic could be determined, a device-typical
standard inverter characteristic can be loaded.

How to load the standard inverter characteristic:

1. Axis commands: load standard-Lh saturation characteristic 0x2822:022 = start 1.

2. After completing the procedure, save the inverter characteristic set in in the inverter.

The »EASY Starter« serves to save the parameter setting of the inverter as parameter file
(*.gdc). » Saving the parameter settings

Parameter

Address Name / setting range / [default setting] Information

0x2822:022 Axis commands: Load default inverter characteristic Parameters for interaction with engineering tools.
0| Off/Ready

On/Start

In progress

No access

1
2
3| Action cancelled
4
5

No access (Device disabled)
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10.7.4 Motor equivalent circuit diagram data

The motor equivalent circuit diagram data is automatically set when the motor is selected
from the motor catalogue:

» Select motor from motor catalog 244

If you use a motor of a different manufacturer, you must adapt the data, e. g. from the motor
data sheet according to the sizes and units mentioned if required.

Parameter
Address Name / setting range / [default setting] Information
0x2C01:002 Motor parameters: Stator resistance General motor data.

0.0000 ... [13.5000] ... 125.0000 Q Carry out settings as specified by manufacturer data/motor data sheet.

0x2C01:003 Motor parameters: Stator leakage inductance

0.000 ... [51.000] ... 500.000 mH Note!

When you enter the motor nameplate data, take into account the phase
connection implemented for the motor (star or delta connection). Only
enter the data applying to the connection type selected.
0x2C01:009 Motor parameters: Insulation class Insulation class of the motor (see motor nameplate).
0|Y (cut-off temperature = 90 °C)
1| A (cut-off temperature = 105 °C)
2 | E (cut-off temperature = 120 °C)
3| B (cut-off temperature = 130 °C)
4| F (cut-off temperature = 155 °C)
5 |H (cut-off temperature = 180 °C)
6| G (cut-off temperature > 180 °C)
0x2C02:001 Motor parameter (ASM): Rotor resistance Equivalent circuit data required for the motor model of the
0.0000 ... [0.0000] ... 214748.3647 Q asynchronous machine.
0x2C02:002 Motor parameter (ASM): Mutual inductance
0.0...[0.0] ... 214748364.7 mH
0x2C02:003 Motor parameter (ASM): Magnetising current
0.00 ... [0.00] ... 500.00 A
0x2C03:001 Motor parameter (PSM): Back EMF constant Voltage induced by the motor (rotor voltage / 1000 rpm).

0.0... [41.8] ... 100000.0 V/1000rpm For permanently excited synchronous motors, the e.m.f. constant
describes the r.m.s. value of the line-to-line voltage (phase voltage)
induced in idle state by the motor (reference: 1000 rpm, 20 °C).
Measured: Line to Line (L- L)

0x2C03:002 Motor parameter (PSM): Resolver pole position Equivalent circuit data required for the motor model of the synchronous
-179.9...[-90.0] ... 179.9° machine.
0x2C03:003 Motor parameter (PSM): Magnets temperature
coefficient (kTN)
-1.000 ... [-0.110] ... 0.000 %/°C
0x2C03:004 Motor parameter (PSM): Encoder pole position
-179.9...[0.0] ... 179.9 °
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10.7.5 Motor control settings

10.7.5.1 Speed controller

The speed controller is automatically set when the motor has been selected from the motor
catalogue:

» Select motor from motor catalog 44

The automatically calculated settings for the speed controller enable an optimal control
behaviour for typical load requirements.

Manual post-optimisation of the speed controller
1. Setting of the gain
Set the proportional gain V,, in parameter 0x2900:001.
a) Specify speed setpoint.
b) Increase parameter until the drive gets unstable (observe engine noise). » 0x2900:001
c) Reduce parameter until the drive runs stable again. » 0x2900:001
d) Reduce the parameter to approx. half the value. » 0x2900:001
2. Setting of the reset time
Set the reset time T, in parameter 0x2900:002.

a) Reduce parameter until the drive gets unstable (observe engine noise). » 0x2900:002
b) Increase parameter until the drive runs stable again. » 0x2900:002
¢) Increase parameter to approx. double the value. » 0x2900:002
3. Setting of the rate time
Set the rate time T in parameter 0x2900:003.

a) Increase parameter during operation until an optimal control mode is achieved.
» 0x2900:003

Automatically calculated settings for the speed controller

0 We recommend a manual post-optimisation for the optimal operation.

The function for automatically calculating the gain and reset time is executed via the
parameter 0x2822:014.

The following equations apply to a "rigid" system.

¢ For elastic systems and systems with batches, the determined gain must be reduced.

* The moment of inertia required for the calculation is the sum of the moment of inertia of
the motor and the load mass inertias transformed to the motor side.

Equation for calculating the gain

V. = : Xz—ﬂ:

p
ax (Tﬁlter + Tcurrent controller )
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Equation for calculating the reset time

2
Tn =a X (Tfilter +T

current controller )

rotating field Symbol Description Dimension unit
frequencyrotating field
frequencyrotating field
frequencyParameter
0x2900:001 Vp Speed controller gain Nm / rpm
- J Moment of inertia=J__ +sum(J, _.) kgm?
- a Measure for the phase reserve
(recommendation: a = 4= 60° phase reserve)
0x2904 Tritter Filter time constant - actual speed value 3
- T current controller Equivalent time constant of the current control loop = s
0.0005 s
0x2900:002 T, Reset time - speed controller s

Special case of the linear motor

In this case, a re-calculation from a linear system to a rotary system must be made. Therefore,
via the feedback system a degree of freedom results for the determination of the number of
pole pairs. For a rotary system, the number of pole pairs specifies the ratio of electrical and
mechanical revolution, the number of encoder increments being defined via one mechanical
revolution. In the case of a linear system, the user is free to decide for which length he or she
wants to specify the number of encoder increments. Usually, the number of increments is
given for a pole distance or for the total length of the linear scale. If the number of increments
= "number of increments for one pole distance" is selected, a motor with the number of pole
pairs zp = 1 is created. The effective moment of inertia for a linear motor can be calculated
according to the following equations. With this J value, the equations shown above can be
used to calculate the speed controller gain and reset time.

Equation for calculating the effective moment of inertia

ZPX2XT >
J=mx 28727 "polepair.
2n

zp =integer x

2x Tpole pair
Parameter Symbol Description Dimension unit
- s Length on which the specification for the number of encoder increments is based (e.g. per |m
pole distance or total length).

- 27,0 pair Pole distance of the permanent magnets, pole pair width m
- J Moment of inertia = J._ . +Jgi4e + oag kgm?
- m Moving mass=mg .+ Mg, +m . kg
Parameter
Address Name / setting range / [default setting] Information
0x2900:001 Speed controller settings: Gain Gain factor Vp of the speed controller.

0.00000 ... [0.00033] ... 20000.00000 Nm/rpm
0x2900:002 Speed controller settings: Reset time Reset time Ti of the speed controller.

1.0...[17.6] ... 6000.0 ms
0x2900:003 Speed controller settings: Rate time Setting of the rate time for the speed controller.

0.00 ... [0.00] ... 3.00 ms
0x2901 Speed controller gain adaption Mappable parameter for adaptive adjustment of the speed controller

0.00 ... [100.00] ... 200.00 % gain.
0x2902 | component load value Setting of the load value.

-1000.0 ... [0.0] ... 1000.0 %
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Address Name / setting range / [default setting] Information

0x2903 Speed setpoint filter time Time constant for the speed setpoint filter.
0.0 ...[0.0] ... 50.0 ms

0x2904 Actual speed filter time

0.0...[0.3] ... 50.0 ms

Time constant for the actual speed value filter.
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10.7.5.2  Current controller

The current controller consists of a direct-axis current controller and a cross current controller
which are both parameterised identically. The direct-axis current controller controls the field-
producing current (D current). The cross current controller controls the torque-producing
current (Q current).

Description of the function

The function controls the control cycle. The following model parameters are improved.
* Inductance of the saturation characteristic

¢ Setpoint step-change in the small signal behavior

This correspond to the maximum possible dynamics of the current controller and increases
the stability limit of the higher-level control loops. The higher-level control loops are the
position control and the speed control. The setpoint step-changes are compensated within
half a PWM cycle.

Current [ % 1]
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10+ — —— — — g— =T } L e———
| | —
- | L
o
: _____ Ise(
— I
- : — | Llenze
I
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1 PWM-cycle Time [ ms ]

Fig. 5: Characteristic with and without torque control

Activation of the function

The function is activated via a parameter. 0x2941 » 0x2941

In case of synchronous machines, this parameter is set by default to Enable [1] and in case of
asynchronous machines to Disable [0].

How to activate the function

1. Set parameter to [2].
The function is activated.

For a servo control, the current controller should always be optimized if a motor of

0 another manufacturer with unknown motor data is used! For a V/f characteristic
control, the current controller only has to be optimized if voltage vector
controlActivate voltage vector control (Imin controller) is used, or if the motor
functions “DC braking” or “flying restart process” are activated.
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Automatically calculated settings for the current controller

If one of the values calculated exceeds the upper object limit, the value is limited to
the limit value.

There is a coupling between the two control loops (direct-axis current controller, cross current
controller) which makes every actuation of a controller occur as fault in the control loop of the
other controller. This coupling can be compensated by activating the current controller
feedforward control via object 0x2941.

For the automatic calculation of the two controller parameters (gain and reset time), the
"Calc. current contr. param."function is provided via object 0x2822:013. The calculation
function is based on the stator resistance 0x2C01:002 and the stator leakage inductance
0x2C01:003. Thus, these motor parameters must be parameterized before, e. g. by the
manual entry of data sheet values. The calculated controller parameters can be optimized by
means of an experimental adjustment subsequently. The procedure is described in
sectionManual "current pulse" test mode 1206

Equations for calculating the gain and reset time of the synchronous motor

Gain Reset time
L L
—_ s — S
%=1 =R
dead time s

Parameter Symbol Description Dimension unit
0x2942:001 Vp Current controller gain V/A
0x2C01:003 L, Stator leakage inductance H
- Toead time Equivalent time constant for the analog detection and scanning = 0.0002016 s s
0x2942:002 T, Current controller reset time s
0x2C01:002 R, Stator resistance (value at 20° C) Q

Equations for calculating the gain and reset time of the asynchronous motor

Gain Reset time
V= oxlky  2xlg _oxLy 2xLg
P T ~ T T, = R = —R
dead time dead time s S

Parameter Symbol Description Dimension unit
0x2942:001 Vp Current controller gain V/A
- o Leakage
- LS Motor stator inductance H
0x2€01:003 L, Motor stator leakage inductance H
- Toead time Equivalent time constant for the analog detection and scanning = 0.0002016 s s
0x2942:002 T, Current controller reset time s
0x2C01:002 R, Motor stator resistance (value at 20° C) Q
Debugging

The function depends on the saturation characteristic of the inductances in parameter 0x2c04
0x2c04.

For Lenze motors, this characteristic can be found in the motor table. In case of MCS motors,
the characteristic values in the first 2 entries are too high. If there are any problems regarding
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the torque control, reduce these values. Lenze motors with the standard setting achieve a
considerable higher performance.

In the following parameter, debugging is possible with the commissioning function Man. Test
mode curr. Imp.. 0x2825 » 0x2825

This function is documented. Here, the transient response of the current controller can be
evaluated which shall considerably improve when the torque control is activated.

The following chart shows the this behavior.

¢ Red characteristic without torque controller
¢ Yellow characteristic with activated torque controller

If the course is worse with an activated torque control, the parameters of the inductance and
saturation profile are faulty.

Parameter
Address Name / setting range / [default setting] Information
0x2941 Current controller feedforward control Activate/deactivate feedforward control.
0| Disable Since the actuation of the current controller is known, they can be
1 Enable precontrolled to increase the actuations of the current controller.
Note!
For a feedforward control, the Motor equivalent circuit diagram data
must be known. If only estimated values are available, we recommend
you not to activate the feedforward control.
2 | Dead-beat control
0x2942:001 Current controller parameters: Gain Gain factor Vp of the current controller.
0.00 ... [148.21] ... 750.00 V/A
0x2942:002 Current controller parameters: Reset time Reset time T of the current controller.
0.01 ... [3.77] ... 2000.00 ms
0x2943 Current setpoint filter time Setting of the setpoint current filter time.
0.00 ... [0.00] ... 10.00 ms
Example

Applications with torque control with a switching frequency of 4 kHz reach the same dynamics
as applications with 16 kHz without torque control. The stability limit of the speed controller
increases depending on the switching frequency and filter setting by up to 100 %. Typical
values are in the range of 30 % - 50 %. In case of applications that have already been solved
with the previously found settings, an activation is not necessary.
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For motors with great rotor time constants or small rotor resistances, very high gain factors
are calculated. Since the setting range of the field controller is limited to the double rated
magnetising current, the field control loop in the case of these motors tends to a two-point

response when the values calculated are entered.

The automatic calculation is made via the parameter 0x2822:016 = 1.

Starting from a calculated gain factor of approx. 1000 A/Vs, do not set the full value anymore.

Example

Calculated value: 10000 A/Vs

Setting: 3000 A/Vs

Calculation of the gain

1

V, =
4 xR, XT

Calculation of the reset time

current controller

T,.=T = R_rr
Parameter Symbol Description Dimension unit
0x29C0:001 Vp Field controller gain A/Vs
0x29C0:002 T, Field controller reset time s
0x2C02:002 L, Mutual motor inductance (ASM)
0x2C02:001 R, Motor rotor resistance (ASM) Q
- T eurrent controller Equivalent time constant of the current control loop = 0.0005 s
- T, Motor rotor time constant
- Kpath Gain of the control path
- L, Motor rotor resistance (ASM) H
Parameter
Address Name / setting range / [default setting] Information
0x29C0:001 Field controller settings: Gain Gain factor Vp of the field controller.
0.00 ... [165.84] ... 500000.00 A/Vs
0x29C0:002 Field controller settings: Reset time Reset time Tn of the field controller.

1.0...[15.1] ... 6000.0 ms
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10.7.5.4

Since the controlled system gain changes with the speed, the field weakening controller is
corrected via the speed.

ASM field weakening controller

The automatic calculation is made via the parameter 0x2822:017 = 1.

Calculation of the gain

T
V, =0, Vcontrolled system_Fs — P XNegk X 5

Calculation of the reset time

v, L L,+L

controlled system_Fs +

T, =4x e (Ter + Thirer ) Ter =T, =Lrh
60 R, R

Parameter Symbol Description Dimension unit

0x29E0:001 Vp Gain of the field weakening controller Vs/A

- Vpath_FS Gain of the control path

- P Number of pole pairs rpm

- Nyransition Speed at which the field weakening is approximately initiated.

0x29E0:002 T, Reset time of the field weakening controller s

- Tee Filter time constant of the field control loop

0x29E3 Teikter Filter time constant for the required voltage s

- T Motor rotor time constant

- L, Motor rotor resistance (ASM)

0x2€02:002 L, Mutual motor inductance (ASM) H

0x2C01:003 - Motor stator leakage inductance (ASM) or motor leakage inductance (SM)

0x2C02:001 Rr Motor rotor resistance Q

Parameter

Address Name / setting range / [default setting] Information

0x29E0:001 Field weakening controller settings: Gain (ASM) Gain factor Vp of the field weakening controller.
0.000 ... [0.000] ... 2147483.647 Vs/V

0x29E0:002 Field weakening controller settings: Reset time (ASM) |Reset time Tn of the field weakening controller.
1.0 ... [2000.0] ... 240000.0 ms

0x29E1 Field weakening controller Field limitation Field limitation of the field weakening controller.
5.00 ... [100.00] ... 100.00 %

10.7.5.5 ASM field weakening controller (extended)

For a quick commissioning, the calculations and settings are made automatically during the

optimisation.

Parameter

Address Name / setting range / [default setting] Information

0x29E2 DC-bus filter time Filter time for the current DC-bus voltage used for field weakening.
1.0... [25.0] ... 1000.0 ms

0x29E3 Motor voltage filter time Filter time for the current motor voltage used for field weakening.
1.0...[25.0] ... 1000.0 ms

0x29E4 Voltage reserve range Voltage reserve at the transition point to the field weakening, with
1..[5]...20% reference to the current value of the DC-bus voltage.
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10.7.5.6  PSM operation outside the voltage range
The inverter control enables a synchronous motor to be operated outside the voltage range. If
a motor is selected in the »EASY Starter«, the control is parameterised automatically.
Improve the transition from the base speed range to field weakening by activating the current
controller: feedforward control parameter. » 0x2941
¢ The current controller precontrol is defined via the following parameters:

- Motor parameter: stator resistance » 0x2C01:002

- Motor parameter: stator leakage inductance » 0x2C01:003

- Motor parameter (PSM): back EMF constant » 0x2C03:001

¢ If you want to operate a third-party motor in the field weakening range, you have to
determine the parameters previously mentioned

6 Operation of synchronous motors outside the voltage range:

If pulse inhibit is set in the inverter, e.g. in case of an inverter disable or an error,
the DC bus is loaded in accordance with the current speed (see equation).

¢ At high speed and outside the voltage range, the terminal voltage can be higher
than the mains voltage!

¢ In order to prevent the DC bus from being loaded impermissibly high, connect a
brake chopper to the DC bus!

The terminal voltage corresponds to the following equation

Configuring the motor control
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PSM operation outside the voltage range

U
Uk=nx—N
iy
Vi Terminal voltage
n Speed
Vrated Rated mains voltage
N Rated motor voltage

* Mains settings: rated mains voltage » 0x2540:001
* Motor parameter: rated speed » 0x2C01:004

Delaying the buildup of field weakening

With the default setting (5 %), field weakening is initiated, thus ensuring that a punctual
buildup of the field weakening current shortly before the voltage threshold is reached.

In the case of synchronous motors, setting the Voltage reserve range parameter may bring
about a delayed start of field weakening for synchronous machines, e.g in order to slightly
reduce the thermal load of the motor. » 0x29E4
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10.7.5.7 Imax controller

Defining the behaviour at the current limit (Imax controller)

The maximum output current or the current limit is defined by the 0x6073 "max. current"
parameter. In case of the V/f characteristic control, an Imax controller is implemented for

complying with this limit. If the motor current exceeds the set maximum current, the Imax
controller is activated.

¢ The Imax controller changes the rotating field frequency so that the motor current does
not exceed the current limit. In motor mode, the frequency is reduced and in generator
mode it is increased.

¢ The gain and reset time of the Imax controller can be parameterised.

Optimising the Imax controller

The automatic calculation serves to determine starting parameters of the Imax controller
which are sufficient for many applications. Thus, an optimisation is not required for most of
the applications.

The automatic calculation is made via the parameter 0x2822:019 = 1.

The parameters of the Imax controller must be adapted if

¢ apower control is implemented with great moments of inertia.
Recommendation:
Step 1:increase reset time in » 0x2B08:002

Step 2: reduce gain in » 0x2B08:001
» vibrations occur with V/f characteristic control during the operation of the Imax controller.

Recommendation:
Step 1: increase reset time in » 0x2B08:002

Step 2: reduce gain in » 0x2B08:001

» overcurrent errors occur due to load impulses or too high acceleration/deceleration
ramps.

Recommendation:
Step 1: reduce reset time in » 0x2B08:001
Step 2:increase gain in » 0x2B08:002

Parameter

Address Name / setting range / [default setting] Information

0x2B08:001 V/f Imax controller: Gain Gain factor Vp of the Imax controller.
0.000 ... [0.001] ... 1000.000 Hz/A

0x2B08:002 V/f Imax controller: Reset time Reset time Ti of the Imax controller.
1.0 ... [100.0] ... 2000.0 ms

10.7.5.8  Flying restart controller

Parameter
Address Name / setting range / [default setting] Information
Ox2BA1 Flying restart circuit

0...[15] ... 100 %

10.7.5.9  SLVC controller

Parameter

Address Name / setting range / [default setting] Information

0x2B40:001 SLVC: Gain Gain of the SLVC-Q controller.
0.0000 ... [0.0010] ... 1000.0000 Hz/A

0x2B40:002 SLVC: Reset time Reset time of the SLVC-Q controller.
1.0...[100.0] ... 2000.0 ms

172



‘Ilnon

Configuring the motor control
Options for optimizing the control loops

Motor control settings

Slip controller

10.7.5.10 Slip controller

Parameter
Address Name / setting range / [default setting] Information
0x2B14:001 Gain Gain of the slip controller.
0.000 ... [0.100] ... 65.535
0x2B14:002 Reset time Reset time of the slip controller.
0.0 ... [100.0] ... 6553.5 ms
0x2B14:003 Frequency limitation Frequency limitation of the slip controller.
0.00 ... [10.00] ... 100.00 Hz « With the setting of 0 Hz, the slip controller is deactivated.

10.7.5.11 Position controller

Equation for calculating the gain

The automatic calculation is made via the parameter 0x2822:015 = 1.

1
V=" T
P 32xT. s

sum

um — Tfilter + Tcurrent controller

Parameter Symbol Description Dimension unit
0x2980 Vp Position controller gain Hz

0x2985:001 ... Vp(n) Speed-dependent Vp adaptation

0x2985:011

0x2904 Teikter Filter time constant - actual speed value s

- Teurrent controller Equivalent time constant of the current control loop = 0.0005 s (500 ps) s

Instability of the position control loop due to too high dynamic performance of the speed controller

The following countermeasure must be taken if the following error cannot be reduced to
acceptable values while setting the position controller:

1. Reduce speed controller by the factor 2 and slowly increase the position controller until it
gets slightly unstable again.

2. Reduce the position controller slightly and increase the speed controller until the position
control loop gets slightly unstable again.

3. Repeat these steps until the following error is reduced to acceptable values.

Parameter
Address Name / setting range / [default setting] Information
0x2822:015 Axis commands: Calculate position controller Automatic calculation of the position controller parameters.
parameter
0| Off/Ready
1|On/Start
2 |In progress
3| Action cancelled
4| No access
5| No access (Device disabled)
0x2980 Position controller gain Setting of the position controller gain.
0.00 ... [28.40] ... 10000.00 1/s
0x2981 Position controller gain adaption Setting of the percentage adaptation for the position controller gain.
0.00 ... [100.00] ... 200.00 %
0x2982 Position controller output signal limitation Setting of the output signal limitation.
0.00 ... [480000.00] ... 480000.00 rpm
0x2983 Actual position start value Specifying a new actual position.
-2147483647 ... [0] ... 2147483647
0x2984 Mode for setting the actual position Selection of the mode for setting or shifting the actual position.
0 | Absolute Actual position = Actual position start value (0x2983)
1| Relative Actual position = actual position + Actual position start value (0x2983)
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PRBS excitation
Address Name / setting range / [default setting] Information
0x2985:001 Gain characteristic adaptions: Speed setpoint 1 Characteristic for speed-dependent adaptation of the P gain of the
1...[10] ... 50000 rpm position controller.
0x2985:002 Gain characteristic adaptions: Gain adaption 1
1...[100] ... 200 %
0x2985:003 Gain characteristic adaptions: Speed setpoint 2
1...[100] ... 50000 rpm
0x2985:004 Gain characteristic adaptions: Gain adaption 2
1...[100] ... 200 %
0x2985:005 Gain characteristic adaptions: Speed setpoint 3
1...[1000] ... 50000 rpm
0x2985:006 Gain characteristic adaptions: Gain adaption 3
1...[100] ... 200 %
0x2985:007 Gain characteristic adaptions: Speed setpoint 4
1...[2000] ... 50000 rpm
0x2985:008 Gain characteristic adaptions: Gain adaption 4
1...[100] ... 200 %
0x2985:009 Gain characteristic adaptions: Speed setpoint 5
1...[5000] ... 50000 rpm
0x2985:010 Gain characteristic adaptions: Gain adaption 5
1...[100]...200 %
0x2985:011 Gain characteristic adaptions: Gain characteristic Switch on/off the gain characteristic adaptation.
adaption on/off « 0=off
e 1=o0n
0| Off
1/0n
0x2986 Resulting gain adaption Display of the resulting gain after being adapted.
* Read only: x.xx %
10.7.5.12 PRBS excitation
Parameter
Address Name / setting range / [default setting] Information
0x2837:001 Frequency analysis: Period time
62|62.5 ps
250250 ps
1000 |1 ms
2000|2 ms
3000 |3 ms
4000 |4 ms
5000 |5 ms
0x2837:002 Frequency analysis: Torque/current amplitude
0.0...[5.0] ... 100.0 %
0x2837:003 Frequency analysis: Speed amplitude
0...[50] ... 1000 rpm
0x2837:004 Frequency analysis: Position amplitude
0.0...[5.0] ... 100.0°
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10.8 Fine adjustment of the motor model

The further commissioning steps are only required for servo controls if more stringent
requirements with regard to the torque linearity have to be met. During the commissioning
process of Lenze motors, typical values for the relevant parameters are provided. For motors

of other manufacturers, these values are to be requested from the motor manufacturer, or
they have to be estimated.
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10.8.1 Correction of the stator leakage inductance (Lss)...

...and the current controller parameters by means of the saturation characteristic

For the most part, the electrical characteristics of the motor are the relevant factors for an
optimal current controller setting (Vp, Ti), especially the stator resistance and the stator
leakage inductance (Lss). However, modern motors have their stator leakage inductance
changed along with the current level so that it is impossible to have an optimal current
controller setting for all working points at all times.

For applications with operating phases that involve very different current and torque
requirements and, at the same time, high requirements on dynamic drive behaviour, the i700
servo inverter provides the possibility of the correction of the stator leakage inductance and
the current controller settings by means of the adjustable saturation characteristic.

The saturation characteristic is a typical characteristic of motors of one type/size. It does not
depend on the maximum process current of the motor in the prevailing application. Thus the
defined values should be based on the key data of the motors. These are rated motor current,
peak motor current for a limited time and the ultimate motor current.

NOTICE

Impact of the saturation characteristic on the current controller feedforward control

» The saturation characteristic is not only used to correct the current controller, but it also
influences the current controller feedforward control (can be activated via parameter
0x2941).

The following picture shows a typical saturation characteristic of an MCS motor:
L/L

n

120 % —

100 % —

80 % —

60 %

40 %

20 %

0% T T T T T T T T T — I,
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100 %

ax

The saturation characteristic represents the change in inductance (L/Ln) as a function of the
motor current (I/Imax). The variables of both axes which were scaled to a reference value are
represented as percentages.

¢« When a Lenze motor is selected, the saturation characteristic is already filled with values
typical of the series.
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Distribution of the grid points

¢ The saturation characteristic is represented by 17 grid points.

« The 17 grid points are spaced on the X axis at equal intervals (equidistantly) in a range of
0...100 %. The 100% value of the X axis refers to the current value (max. motor current in
the process) set in parameter 0x2C05.

¢ The y values for the grid points can be accessed via the subindices of parameter .

x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14

Vp [V/A]
Tn [ms]

x15

x16

x17

Fine adjustment of the motor model
Correction of the stator leakage inductance (Lss)...

I T T T T T T T T T T T T T
0 6.25 12.5 18.75 25 31.25 37.5 43.75 50 56.25 62.5 68.75 75 81.25

e The 100 % value of a grid point refers to
- the set motor stator leakage inductance 0x2C01:003 and
- the set current controller gain V|, 0x2942:001.

* Preferably select a display area of the grid points which includes at least the ultimate
motor current. The current controller step response is then recorded actively only until the
grid point with peak motor current. In order to prevent the motor winding from being
overloaded, use the manual test mode "current pulse" for recording: » Manual "current
pulse" test mode. 1206

¢ The grid points with current setpoints above the peak motor current are determined
through interpolation.

¢ When the saturation characteristics for motor types are determined, it makes sense in
some cases to select a scaled representation of the grid point distribution. This requires to
know the highest value of the quotient from "ultimate motor current / rated motor
current" of the motor series.

Example of determining the saturation characteristic
Given values:

e Rated motor current: 5 A

e Maximum motor current: 20 A

¢ Maximum process current: 15 A

T
87.5

T
93.75

> 1

100

max

[%]
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Proceeding

1. Deactivate correction: Set all subindices (0x2C04:001 ... 0x2C04:017) to 100 %.

2. Use 0x2CO05 to set the maximum current up to which the motor is to be operated in the
process (in this example "15 A").

3. Adjust the current controller with different current setpoints by means of the manual test
mode Manual "current pulse" test mode and take down the corresponding settings for Vp
and Tn.

- The procedure is described in section Manual "current pulse" test mode.

- The current setpoints to be set for the corresponding adjustment in object 0x2835:001
result from the scaling of the maximum process current to the X axis of the saturation
characteristic.

- The grid points which are required to define the saturation characteristic with a
sufficient quality varies from motor to motor and thus has to be determined
individually.

- For this example, currents that are part of the grid points 5, 9, 13, and 15 have been
selected, and a measurement at rated motor current was carried out additionally:

x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
Vp [V/A]
Tn [ms]
T T T T T T T T T T T T T T T T ™1
0 6.25 125 18.75 25 31.25 375 43.75 50 56.25 62.5 68.75 75 81.25 87.5 93.75 100  [%]
[ T T T T T 1
0A 3.75A 5A 75A 11.25A 12.38 A 15A

s !

See table "Specifications for adjustment / measured values" after this listing
4. Create a characteristic based on the detected values for Vp (but do not enter any values in

yet).

- Determine the values of the grid points that have not been adjusted by interpolation
between two values.

- Note: This example assumes that the inductance does not change considerably below
3.75 A. For this reason, the same Vp value that resulted from the measurement with a
motor current of 3.75 A was used for all grid points below 3.75 A.

x1 X2 x3 x4 x6 x7 x8 x10 x11 x12 x14 x16 x17
Vp [V/A] A
5.2
3.8+
2.6
1.0+
0.7+
0 T T T T T T T T T T T T T T T g
0 6.25 125 18.75 25 31.25 375 43.75 50 56.25 62.5 68.75 75 81.25 87.5 93.75 100 [%]
[ T T T T T 1
0A 3.75A 5A 75A 11.25A 12.38 A 15A

5. Set gain Vp and reset time Tn to the values that were determined during the adjustment
with the rated motor current (in this example "5 A"):

- 0x2942:001 is set to "3.8 V/A".
- 0x2942:002 is set to "5 ms".
6. Scale Vp values on the Y axis of the characteristic to the Vp setting "3.8 V/A":
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x1 x2 x3 x4 x6 X7 x8 x10 x11 x12 x14 x16 x17
Vp[%] A
150~
\ Vp ="3.8 V/A" = 100 %
100
50—
0 T T T T T T T T T >
0 6.25 125 18.75 25 31.25 375 43.75 50 56.25 62.5 68.75 75 81.25 87.5 93.75 100 [%]
[ T T T T T 1
0A 3.75A 5A 7.5A 11.25A 12.38 A 15A
7. Enter the percentage Vp values of the grid points into the subindices
(0x2C04:001 ... 0x2C04:017):
x1 x2 x3 x4 x6 X7 x8 x10 x11 x12 x14 x16 x17
Vp (%] 4
137
109-] \
92—
80
68
19—
v T T T T T T T T T T T I
0 6.25 125 18.75 25 31.25 375 43.75 50 56.25 62.5 68.75 75 81.25 87.5 93.75 100  [%]

See table "Setting of grid point 1 ... 17 in [%]" after this listing

Enter the maximum process current ("15 A") in 0x6073 as the maximum current.

- The settings made should now cause the same basic current characteristic irrespective

of the current level.

- Now that the current controller gain is actively corrected, the step responses may
slightly differ from the previous measurements. In this case, the current controller
parameters must be post-optimised for the last time.

9. For permanent storage: save the characteristic determined.

The »EASY Starter« serves to save the parameter settings of the inverter as parameter file
(*.gdc). Saving the parameter settings

Specifications for adjustment Measured values

Grid point Scaling Current setpoint Vp [V/A] Tn [ms]

5 0.25*15A= 3.75A 5.2 6.5

9 05*15A= 7.5A 2.6 4

13 0.75*15A= 11.25A 1.4 2.5

15 0.875*15A= 12.38A 1.0 2

17 1.0*15A= 15A 0.7 1.7

Rated motor current= 5A 3.8 5

Setting of grid point 1 ... 17 in [%]

yl y2 y3 2 y5 y6 y7 y8 Y9 y10 yl1 y12 y13 yl4 yl5y |y16 y17
137 137 137 137 137 109 92 80 68 61 53 45 37 32 26 22 19
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Parameter

Address Name / setting range / [default setting] Information

0x2C04:001 d-axis Lss saturation characteristic: y1 = LO1 (x = 0.00 |Saturation characteristic of the leakage inductance.
%) The linear distribution via the current results from the maximum motor
0...[165] ... 400 % current (0x2C05).

0x2C04:002 d-axis Lss saturation characteristic: y2 = L02 (x = 6.25
%)
0...[200] ... 400 %

0x2C04:003 d-axis Lss saturation characteristic: y3 = LO3 (x = 12.50
%)
0...[146] ... 400 %

0x2C04:004 d-axis Lss saturation characteristic: y4 = L04 (x = 18.75
%)
0...[117] ... 400 %

0x2C04:005 d-axis Lss saturation characteristic: y5 = LO5 (x = 25.00
%)
0...[97]...400 %

0x2C04:006 d-axis Lss saturation characteristic: y6 = L06 (x = 31.25
%)
0..[82]...400 %

0x2C04:007 d-axis Lss saturation characteristic: y7 = LO7 (x = 37.50
%)
0..[71]...400 %

0x2C04:008 d-axis Lss saturation characteristic: y8 = LO8 (x = 42.75
%)
0...[62] ... 400 %

0x2C04:009 d-axis Lss saturation characteristic: y9 = L0O9 (x = 50.00
%)
0...[55]...400 %

0x2C04:010 d-axis Lss saturation characteristic: y10 = L10 (x =
56.25 %)
0...[50] ... 400 %

0x2C04:011 d-axis Lss saturation characteristic: y11 = L11 (x =
62.50 %)
0...[46] ... 400 %

0x2C04:012 d-axis Lss saturation characteristic: y12 = L12 (x =
68.75 %)
0...[43] ... 400 %

0x2C04:013 d-axis Lss saturation characteristic: y13 = L13 (x =
75.00 %)
0...[42]...400 %

0x2C04:014 d-axis Lss saturation characteristic: y14 = L14 (x =
81.25 %)
0..[41]...400 %

0x2C04:015 d-axis Lss saturation characteristic: y15 = L15 (x =
87.50 %)
0...[41] ... 400 %

0x2C04:016 d-axis Lss saturation characteristic: y16 = L16 (x =
93.25 %)
0..[41]...400 %

0x2C04:017 d-axis Lss saturation characteristic: y17 = L17 (x =
100.00 %)
0...[41] ... 400 %

0x2C04:018 d-axis Lss saturation characteristic: Activation Lss Switch on/off the correction by means of saturation characteristic.
saturation characteristic

0 | Adjustment off

1| Adjustment on

0x2C05 Reference for current grid points (x) Lss saturation Setting of the maximum motor current.
characteristic Serves as reference value for the scaled current data of the X axis of the
0.0...[5.4] ... 2500.0 A saturation characteristic.
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10.8.2  Synchronous motor (SM): Compensate temperature and current influences

The properties of the permanent magnets of permanently excited synchronous motors
depend on the temperature and the amperage. The relationship between motor current and
resulting torque changes correspondingly.

The influences of the temperature and the amperage on the magnetisation can be taken into

account by the motor control and hence be compensated for.

¢ To compensate for the temperature dependence of the magnets, the temperature
coefficient (kT) of the permanent magnet must be entered in object 0x2C03:003 (linear
characteristic).

¢ To compensate for the current dependence of the magnets, multiple grid points of a
characteristic must be entered in the following object (non-linear characteristic):

Parameter
Address Name / setting range / [default setting] Information
0x2C06:001 Grid points for magnet characteristic (current): x1 = Characteristic for the dependency of the magnetic flux on the active
i01/iN motor current.
0...[0] ... 1000 %
0x2C06:002 Grid points for magnet characteristic (current): y1 =
kTO1/KTN
0...[100] ... 1000 %
0x2C06:003 Grid points for magnet characteristic (current): x2 =
i02/iN
0...[100] ... 1000 %
0x2C06:004 Grid points for magnet characteristic (current): y2 =
kT02/KTN
0...[100] ... 1000 %
0x2C06:005 Grid points for magnet characteristic (current): x3 =
i03/iN
0...[200] ... 1000 %
0x2C06:006 Grid points for magnet characteristic (current): y3 =
kTO3/kTN
0...[100] ... 1000 %
0x2C06:007 Grid points for magnet characteristic (current): x4 =
i04/iN
0...[415] ... 1000 %
0x2C06:008 Grid points for magnet characteristic (current): y4 =
kT04/KTN
0...[72] ... 1000 %
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10.8.3  Asynchronous motor (ASM): Identifying Lh saturation characteristic

In case of an asynchronous motor, the relationship between current and torque is basically
determined by the saturation behaviour of the mutual inductance. If the achieved torque
accuracy, especially in the field weakening range should not be sufficient, the accuracy can be
increased by the individual identification of the saturation characteristic. This behaviour can
be measured by the servo inverter.

Conditions for the execution

¢ Before this commissioning function is executed, the inverter characteristic and the motor
parameters must be identified » Motor equivalent circuit diagram data. 1162

¢ The motor may be stalled.
¢ The inverter is error-free and in "Switched on" device state.

Response of the motor during "standstill" performance

How to identify the L, saturation characteristic:

6 The identification of the L, saturation characteristic can take up to 11 minutes.

1. If the servo inverter enabled, disable it » Disable operation. 1219
2. Select the drive mode [10] in parameter 0x2825: Lh saturation characteristic identification
3. Enable the inverter to start the process.

- Check the progress in 0x2823:002.

- Disabling the inverter serves to abort the started procedure any time if required.
Already determined characteristic values are rejected in this case.

After successful completion...

...the inverter will be disabled automatically and the points of the determined L, saturation
characteristic are set in the parameters 0x2C07:001 ... 0x2C07:017.

* Save the changed settings.

The »EASY Starter« serves to save the parameter settings of the servo inverter as
parameter file (*.gdc). » Saving the parameter settings 135

¢ The inverter disable set automatically by the procedure can be deactivated again via the
CiA402 control word 0x6040 (setting = 7, 15).

In the event of an error

If an error occurs during the procedure or the pulse inhibit gets active (e.g. due to short-time
undervoltage), the procedure is terminated with inverter disable without the settings being
changed.

Load standard L, saturation characteristic

If an incorrect L, saturation characteristic has been determined or none at all, it is possible to
load a standard L, characteristic.

How to load the standard L, saturation characteristic:

1. The start is made via the parameter 0x2822:021 = 1.
2. For permanent storage: after the process has been completed, save the L, saturation
characteristic set in .

The »EASY Starter« serves to save the parameter settings of the inverter as parameter file
(*.gdc). Saving the parameter settings
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Parameter

Address Name / setting range / [default setting] Information

0x2822:021 Axis commands: Load default Lh saturation Parameters for interaction with engineering tools.
characteristic

0| Off/Ready
On/Start

In progress

1
2
3| Action cancelled
4| No access

(%]

No access (Device disabled)

0x2C07:001 Inductance grid points (y) Lh saturation characteristic: | Saturation characteristic of the mutual inductance of an asynchronous
y1 =101 (x = 0.00 %) machine as a function of the magnetising current.
0...[118] ... 400 %

0x2C07:002 Inductance grid points (y) Lh saturation characteristic:
y2 =102 (x =6.25 %)

0...[118] ... 400 %

0x2C07:003 Inductance grid points (y) Lh saturation characteristic:
y3 =03 (x = 12.50 %)

0...[118] ... 400 %

0x2C07:004 Inductance grid points (y) Lh saturation characteristic:
y4 = L04 (x = 18.75 %)

0...[117] ... 400 %

0x2C07:005 Inductance grid points (y) Lh saturation characteristic:
y5 = LO5 (x = 25.00 %)

0...[116] ... 400 %

0x2C07:006 Inductance grid points (y) Lh saturation characteristic:
y6 = L06 (x =31.25 %)

0...[114] ... 400 %

0x2C07:007 Inductance grid points (y) Lh saturation characteristic:
y7 =L07 (x =37.50 %)

0...[111] ... 400 %

0x2C07:008 Inductance grid points (y) Lh saturation characteristic:
y8 = L08 (x = 43.75 %)

0...[107] ... 400 %

0x2C07:009 Inductance grid points (y) Lh saturation characteristic:
y9 = L09 (x = 50.00 %)

0...[100] ... 400 %

0x2C07:010 Inductance grid points (y) Lh saturation characteristic:
y10 = L10 (x = 56.25 %)

0...[93]...400%

0x2C07:011 Inductance grid points (y) Lh saturation characteristic:
y11=L11 (x = 62.50 %)

0...[86]...400 %

0x2C07:012 Inductance grid points (y) Lh saturation characteristic:
y12 =112 (x = 68.75 %)

0..[78]...400 %

0x2C07:013 Inductance grid points (y) Lh saturation characteristic:
y13 = L13 (x = 75.00 %)

0...[71]...400 %

0x2C07:014 Inductance grid points (y) Lh saturation characteristic:
y14 =114 (x = 81.25 %)

0...[64]...400 %

0x2C07:015 Inductance grid points (y) Lh saturation characteristic:
y15 = L15 (x = 87.50 %)

0...[57]...400 %

0x2C07:016 Inductance grid points (y) Lh saturation characteristic:
y16 = L16 (x = 93.75 %)

0...[50] ... 400 %

0x2C07:017 Inductance grid points (y) Lh saturation characteristic:
y17 =117 (x = 100.00 %)

0..[42]...400 %
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10.8.4 Estimate optimum magnetising current

In case of the given L, saturation behaviour, there is (usually) a magnetising current where the

torque efficiency is highest. This magnetising current can be determined by the servo inverter.

» Executing this function also compresses or extends the L, saturation characteristic
(interpolation points 0x2C07:001 ... 0x2C07:001).

¢ After the function has been executed, the determined magnetising current is entered in
0x2C02:003.

Preconditions for the performance

* Before this commissioning function is executed, the motor parameters and the L,
saturation characteristic must be identified » Motor equivalent circuit diagram data. 162

¢ The motor must be stalled.

Response of the motor during "standstill" performance

How to estimate the optimal magnetising current:

1. Start Axis commands: estimate optimum magnetising current parameter with = 1.
» 0x2822:023

2. After the process has been completed, save the changed inverter parameters:
- L, saturation characteristic (0x2C07:001 ... 0x2C07:017)

- Magnetising current0x2C02:003

The »EASY Starter« serves to save the parameter settings of the inverter as parameter
file (*.gdc). » Saving the parameter settings

Parameter
Address Name / setting range / [default setting] Information
0x2822:023 Axis commands: Estimate optimum magnetizing Parameters for interaction with engineering tools.

current

Off/Ready
On/Start

In progress

No access

0
1
2
3| Action cancelled
4
5

No access (Device disabled)
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10.9 Parameterise filter elements in the setpoint path
10.9.1 Jerk limitation

Via the max. acceleration change that can be set in parameter 0x2945 C00274, the change of
the setpoint torque can be limited for jerk limitation. Hence, sudden torque step changes can
be avoided. The entire speed characteristic is smoothed.

Parameter

Address Name / setting range / [default setting] Information

0x2945 Torque setpoint jerk limitation Setting of the maximum acceleration change.
0.1...[400.0] ... 400.0
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10.9.2  Notch filter (band-stop filter)

Due to the high dynamic performance or limit frequency of the closed current control loop,
mechanical natural frequencies can be activated which may lead to an unstable speed control
loop in the case of resonance.

To mask out or at least damp these resonant frequencies, two notch filters are integrated in
the speed control loop of the inverter. In the Lenze setting, these filters are switched off:

0x2944:1 0x2944:4
0x2944:2 0x2944:5
0x2944:3 0x2944:6

m_.’_T ’_T_,m*

Use of the notch filters depending on the resonant frequency

/A WARNING!

Improperly set notch filters have a negative impact on the response and disturbance

behaviour of the speed control: increased overshoot of the motor speed in case of response

behaviour and / or higher speed deviations (extreme case: complete instability of the drive)

In the case of impairment,

» the drive that is still running must either be coasted down by activating the inverter disable
or immediately be brought to a standstill via a brake.

» the speed controller must be optimised again afterwards.

» the test procedure must be repeated.

Output frequency Use of notch filters
0..1/2 f No

1/2f

limit_speed_controller

limit_speed_controller...f_limit_speed-Controller yes, with restriction

<f|imit_speed_controller yes, without restriction

¢ The notch filters are suitable for use with resonant frequencies equal to or higher than the
limit frequency of the speed controller:

- Resonant frequencie =70Hz...110 Hz

s2 flimit_speed_controller
e For resonant frequencies lower than the limit frequency of the speed controller, the use of
suitable speed profiles with an S-shaped ramp is recommended.
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Setting the notch filters

Since the exact frequency response of the speed control path in most cases is not known
beforehand, an experimental procedure for setting the notch filters is described in the
following.

How to set the notch filters:

1. Set and optimise current controller, see section Current controller .[166

2. Adapt the speed controller reset time to the filter time constant of the actual speed filter
time and the equivalent time constant of the current control loop:

- The following applies: 0x2900:002 = 16 * (0x2904 + 500 ps)
Note: The setting of the reset time includes the equivalent time constant of the current

control loop. The 500 us indicated are typical in a power range of up to 50 kW. Above this
value, greater time constants may occur.

3. Slowly increase the proportional gain of the speed controller in 0x2900:001 until the speed
control loop starts to be unstable (acoustic determination, measurement of the motor
current or recording of the speed output signal).

4. Measure the oscillation frequency using an oscilloscope:
- Assessing the motor current via 0x2DD1:004.
- Assessing the motor speed via 0x6044.
5. Set the oscillation frequency determined as filter frequency in 0x2944:001.
6. Set the filter width to 40 % of the filter frequency in 0x2944:002.
7. Se the filter depth to 40 dB in 0x2944:003.
- If"0dB" is set (default setting), the filter is not effective.

8. Further increase the proportional gain of the speed controller in 0x2900:001 until the
speed control loop starts to be unstable again.

- If the oscillation frequency has changed now, readjust the filter frequency by trimming.
The use of a second filter is ineffective here.

- If the oscillation frequency remains the same, readjust the filter depth and/or the filter
width by trimming (the first reduces the amplitude, the second lets the phase rotate
faster).

- Repeat step 8 until the desired behaviour or the limit of a sensible speed controller
gain has been reached.

9. Check the drive behaviour in case of quick stop (QSP)
- Accelerate drive

- Then, brake with quick stop (QSP) and check whether a reduced drive dynamics can be
detected.

- If so, reduce the influence of the filters until the reachable dynamics corresponds to
the requirements.

NOTICE

» Readjust the speed controller after setting the notch filters (see section "Speed controller").
163

» Save the changed settings.

» The »EASY Starter« serves to save the parameter settings of the servo inverter as parameter
file (*.gdc), see section Saving the parameter settings . 135

Parameter

Address Name / setting range / [default setting] Information

0x2944:001 Torque setpoint notch filter: Frequency notch filter 1 | Setting of the frequency for notch filter 1.
1.0 ... [200.0] ... 2000.0 Hz

0x2944:002 Torque setpoint notch filter: Bandwidth notch filter 1 |Setting of the bandwidth for notch filter 1.
0.0 ... [20.0] ... 1000.0 Hz
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Address Name / setting range / [default setting] Information

0x2944:003 Torque setpoint notch filter: Damping notch filter 1 Setting of the damping for notch filter 1.
0...[0] ... 100 dB

0x2944:004 Torque setpoint notch filter: Frequency notch filter 2 | Setting of the frequency for notch filter 2.
1.0 ... [400.0] ... 2000.0 Hz

0x2944:005 Torque setpoint notch filter: Bandwidth notch filter 2 | Setting of the bandwidth for notch filter 2.
0.0 ... [40.0] ... 1000.0 Hz

0x2944:006 Torque setpoint notch filter: Damping notch filter 2 Setting of the damping for notch filter 2.
0...[0] ... 100 dB
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10.10 Motor protection

Many monitoring functions integrated in the inverter can detect errors and thus protect the
device or motor from being destroyed or overloaded.

10.10.1 Motor overload monitoring (i%xt)

This function monitors the thermal overload of the motor, taking the motor currents recorded
and a mathematical model as a basis.

A DANGER!

Fire hazard by overheating of the motor.

Possible consequences: Death or severe injuries

» Since the motor utilisation calculated in the thermal model gets lost after mains switching,
the following operating states cannot be determined correctly: 1.) Restarting (after mains
switching) of a motor that is already very hot and 2.) Change of the cooling conditions (e.g.
cooling air flow interrupted or too warm).

» To achieve full motor protection, an additional temperature monitoring function with a
separate evaluation must be installed.

» When actuating motors that are equipped with PTC thermistors or thermal contacts, always
activate the PTC input.

0 Motor overload monitoring is important for motors without thermal sensor.

Details

During the calculation of the parameters 0x2D4D:001 ...0x2D4D:008, the speed dependence
of the permissible motor load and thus of the permissible current (difference between the
standstill current and rated current is taken into consideration.

In case of permanent overload and excess of the warning threshold set in parameter 0x2D4E,
a warning is output in order that the higher-level Controller is still able to respond and reduce
the motor load or interrupt the operation.

The calculated thermal motor utilisation is displayed in parameter 0x2D4F.

Parameter
Address Name / setting range / [default setting] Information
0x2D4F Motor utilisation (i?xt) Display of the current thermal motor utilisation.
* Readonly: x%
0x2D4E Motor utilisation (i2xt) - warning threshold Setting of the warning threshold for motor overload monitoring.
0...[100] ... 250 %
0x2D50:001 Motor utilisation (i2xt) - monitoring: Error response For displaying the motor utilisation error response (I2xt).
0| No response
1| Fehler > CiA402
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Address Name / setting range / [default setting] Information
0x2D50:002 Motor utilisation (i?xt) - monitoring: Error threshold Setting of the error threshold for motor overload monitoring.
0...[105] ... 250 %
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10.10.1.1 Parameters for the thermal model

The introduction of a two-component model with two time constants (one for the winding
and the other for the housing/laminated core) serves to display the thermal behaviour of the

motors up to 500% of the rated current.

Structure of the monitoring

I 2
< act Motor >
Ip(-)rm Motor (n)

1

\ 4

ANCET ©

1

\ 4

‘2 T +pT)

® Thermal utilisation of the motor in [%]

Parameter Symbol Description Dimension unit
- | ctmotor Actual motor current A
- IpermMotor Permissible motor current (speed-dependent) A
0x2D4C:001 T Therm. time constant of winding s
0x2D4C:002 T, Therm. time constant of laminated core s
0x2D4C:003 ky Percentage of the winding in the final temperature %
- k, Percentage of the laminated core in the final temperature: k2 = 100 % - k1 %

Calculation with only one time constant

If k1 ="0%" is set, the part of the winding is not taken into consideration and the thermal
model is only calculated using the time constant set for the housing/laminated core. This
setting is e.g. required if only the time constant of the laminated core (T2) is known.

Parameter setting of the time constant and the influence of the winding on motors of other manufacturers

When the influence of the winding is activated, the i2 xt monitoring becomes more sensible as
if only the influence of the laminated core would be used for monitoring purposes.

The necessity to activate the influence of the winding rises with the increasing utilisation of
the motor overload capacity. It also rises with applications where the motor is at standstill for
longer periods or cyclically and a load = permanent standstill current is applied.

For determining the values for the thermal time constant, try to get the data from the motor
manufacturer. If this is not possible, you can use the data of a comparable Lenze motor.
Conditions for comparability are similar values in case of the following motor features:

¢ Square dimensions of the motor (active part)

¢ Length of the active part (if available)

¢ Permanent standstill current lo [A_RMS]

* Peak current/overload capacity [A_RMS]

e Copper resistance of the winding at 20 °C [Rphase]

Example:

Motor features Data of the third-party motor Description

Square dimension 95 mm MCS09xxx = 89 mm
Standstill current 22A MCS09F38=3.0 A
Peak current 73A MCS09F38 = 15 A
Phase resistance 5.1 Ohms MCS09F38 = 5.2 Ohms
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Parameter
Address Name / setting range / [default setting] Information
0x2D4C:001 Thermal model motor utilization (i?xt): Motor Setting of the time constant for the winding.
utilisation (i%xt)
1...[60] ... 36000 s
0x2D4C:002 Thermal model motor utilization (i?xt): Thermal time | Setting of the time constant for the laminated core.
constant - laminations
1...[852]...36000 s
0x2D4C:003 Thermal model motor utilization (i?xt): Winding Part of the thermal motor model: distribution factor of the copper
influence winding influence.
0...[27]...100 %
0x2D4C:004 Thermal model motor utilization (i?xt): Starting value |Value for initialising the filters for the thermal motor overload
0..[0]..250% monitoring (setting in % of the permissible full load).
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10.10.1.2 Speed-dependent evaluation of the motor current

/A WARNING!

Fire hazard by overheating of the self-ventilated standard motor

Possible consequences: Destruction of system parts

» Protect self-ventilated standard motors especially at low speeds by sufficient cooling or
from impermissibly high motor currents. Carry out a speed-dependent evaluation of the
permissible motor current.

/A WARNING!

Fire hazard by overheating of PM synchronous motors
Possible consequences: Destruction of system parts

» Please check for every individual case which r.m.s. value can be used to permanently
operate the motor at standstill. In case of some motors, a derating 11/In < 100 % is required
when n1/nn = 0 %. This serves to prevent an overload of individual motor phases as their
power loss doubles with continuous DC current load. (It is called DC current load as the field
frequency amounts to 0 Hz at standstill.)

When you select a Lenze motor from the catalogue and transfer its parameters into

0 the i700 servo inverter a typical characteristic is automatically set for the selected
motor. A deviating parameterisation is only required if the motor is operated in
ambient conditions which demand a general derating. Example: use in site altitudes
> 1000 m. In case of motors of other manufacturers, the operating points have to
be parameterised based on the data sheet information.

By selecting a characteristic, the permissible motor current is evaluated depending on speed
for calculating the thermal motor utilisation. For this purpose, up to four operating points on
the S1 characteristic of a motor can be used.

* The S1 characteristic can be found in the technical data sheet/catalogue of the respective
motor.

* The representation in the objects /characteristic is carried out as relative values with
reference to rated values.

The speed-dependent evaluation of the permissible motor current can actually be switched
off by parameterising all 8 characteristic points to "100 %".

Operating points

@ Standstill n01-101 For motors, this operating point is often
described with the no-lo values.
(@) Reference point n02-102 If the value falls below the speed n02, a

derating in the current is required because:

* the motor cooling of self-ventilated motors
deteriorates considerably.

* aDC current load causes an increased power
loss in a winding.

» For motors, this operating point is also
described with the no-lo values.

® Rated point (n03=nN)-(103=IN) Rated values of the motor are the reference for
all operating points of the i’xt monitoring.

@ Field weakening n04-104 This operating point should be parameterised
irrespective of the use in the current
application.
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Example of how to enter the characteristic for standard and servo motors

The required data of the operating points result from the S1 characteristic of the prevailing

motor:

Examples of S1 characteristics

Standard motor

11,100 %
160

140+

120+

100 V4l
80+

60+
40+

20+

O T T T T T T T 1
0 20 40 60 80 100 120 140 160

n/n_ - 100 %

*forced ventilated standard motor
*k .
self-ventilated standard motor

Servo motor

Servo motor with derating at standstill

N -100 %
160

140+
1204
100+
80
60
40

207

0 T T T T T T T 1
0 20 40 60 80 100 120 140 160

n/n_ - 100 %

1,100 %
160

140
1204@
100

80-l
60—l®
40

20

0 T T T

T T T 1
80 100 120 140 160
n/n_ - 100 %

Parameter Characteristic points Info

0x2D4D:001 [©) n,/n, * 100 % Speed ="0" (standstill)

0x2D4D:002 Il/ln *100 % Permissible motor current at
standstill

0x2D4D:003 ® nz/nn *100 % Speed from which the current must
be reduced for self-ventilated
motors.

* Below this speed the cooling air
flow of the integral fan is not
sufficient anymore.

0x2D4D:004 I2/In *100 % Permissible motor current at speed
n, (torque reduction)

0x2D4D:005 ® ny/n,, * 100 % Rated speed

0x2D4D:006 I3/In *100 % Permissible motor current at rated
speed

0x2D4D:007 @ n4/nn *100 % Speed above the rated speed (in
the field weakening range for
asynchronous motors)

0x2D4D:008 I4/In *100 % Permissible motor current at speed
n, (field weakening)
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Parameter
Address Name / setting range / [default setting] Information
0x2D4D:001 Motor utilisation (i2xt) - specific characteristic: x1 = User-definable characteristic for speed-dependent evaluation of the
n01/nN (n01 ~ 0) motor current.
0...[0] ... 600 %
0x2D4D:002 Motor utilisation (i?xt) - specific characteristic: y1 =
i01/iN (x1)
0...[100] ... 600 %
0x2D4D:003 Motor utilisation (i2xt) - specific characteristic: x2 =
n02/nN (n02 = limit reduced cooling)
0...[0] ... 600 %
0x2D4D:004 Motor utilisation (i?xt) - specific characteristic: y2 =
i02/iN (x2)
0...[100] ... 600 %
0x2D4D:005 Motor utilisation (i?xt) - specific characteristic: x3 =
n03/nN (n03 = rated speed)
0...[100] ... 600 %
0x2D4D:006 Motor utilisation (i2xt) - specific characteristic: y3 =
i03/iN (x3)
0...[100] ... 600 %
0x2D4D:007 Motor utilisation (i?xt) - specific characteristic: x4 =
n04/nN (n04 = limit field weakening)
0...[100] ... 600 %
0x2D4D:008 Motor utilisation (i2xt) - specific characteristic: y4 =

i04/iN (x4)
0...[100] ... 600 %
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10.10.1.3 UL 508-compliant motor overload monitoring

If the operation of the motor requires the compliance with the UL Standard 508, and the UL
508-compliant motor overload monitoring is realised by the mathematical model of the I?xt
monitoring, the following conditions must be observed.

UL 508 condition 1:
In case of a motor load of 600 %, the 1>t warning must be output within 20 seconds.

¢ A motor load of 600 % exists if the r.m.s. value of the total motor current displayed in
parameter 0x2DD1:005 corresponds to 600% of the rated motor current 0x6075.

This condition can be fulfilled by setting the following parameters:

* Motor utilisation (I2xt): thermal time constant - laminated core » 0x2D4C:002

* Motor utilisation (I2xt): influence winding » 0x2D4C:003
* Motor utilisation (I2xt): motor overload warning threshold » 0x2D4E
* Motor utilisation (I2xt): response » 0x2D50:001
* Motor utilisation (I2xt): error threshold » 0x2D50:002

UL 508 condition 2:

In case of a motor load of 110 %, the I2xt warning at a motor rotating field frequency of 10 Hz
must be output faster than at a motor rotating field frequency of 20 Hz.

e The current motor rotating field frequency is displayed in parameter 0x2DDD.

¢ A motor load of 110 % exists if the r.m.s. value of the total motor current displayed in
parameter 0x2DD1:005 corresponds to 110 % of the rated motor current 0x6075.

This condition can be fulfilled by setting the following parameters:
e I2xt: x1 =n01/nN (n01 ~ 0) » 0x2D4D:001

e I>xt: y1 =i01/iN (x =n01~ 0) » 0x2D4D:002

e I%t: x2 = n02/nN (n02 = reduced cooling limit) » 0x2D4D:003
e I%t: y2 =i02/iN (x = n02 = reduced cooling limit » 0x2D4D:004

UL 508 condition 3:

After mains switching and a motor load > 100 %, the 1>xt warning must be output faster than
in the same overload case before mains switching.

e A motor load > 100 % exists if the r.m.s. value of the total motor current displayed in
parameter 0x2DD1:005 is higher than the rated motor current 0x6075.

This condition can be fulfilled by setting the following parameters:
* Motor utilisation (I*xt): starting value » 0x2D4C:004
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10.10.2 Motor temperature monitoring

In order to record and monitor the motor temperature, a PTC thermistor (single sensor
according to DIN 44081 or triple sensor according to DIN 44082) or thermal contact (normally-
closed contact) can be connected to the terminals T1 and T2. This measure helps to prevent
the motor from being destroyed by overheating.

Preconditions

¢ The inverter can only evaluate one PTC thermistor! Do not connect several PTC thermistors
in series or parallel.

* If several motors are actuated on one inverter, thermal contacts (NC contacts) (TCO)
connected in series are to be used.

¢ To achieve full motor protection, an additional temperature monitoring function with a
separate evaluation must be installed.

» By default, a wire jumper is installed between terminals X109/T1 and X109/T2, which must
be removed when the PTC thermistor or thermal contact (TCO) is connected.

Details

If 1.6 kQ < R < 4 kQ at terminals X109/T1 and X109/T2, the monitoring function will be
activated; see functional test below.

¢ If the monitoring function is activated, the response set in 0x2D49:002 will be effected.
¢ The setting 0x2D49:002 = 0 deactivates the monitoring function.

X109/T2 and the response in 0x2D49:002 is set to "Fault [3]", the response of the
motor overload monitoring may be set other than "Fault [3]" in .
» Motor overload monitoring (i®xt) L2189

6 If a suitable motor temperature sensor is connected to the terminals X109/T1 and

Functional test
Connect a fixed resistor to the PTC input:
¢ R >4kQ: The monitoring function must be activated.

¢ R<1kQ:The monitoring function must not be activated.

Details

If 1.6 kQ < R <4 kQ at terminals X109/T1 and X109/T2, the monitoring function will be
activated; see functional test below.

« If the monitoring function is activated, the response set in 0x2D48:002 will be effected.
¢ The setting 0x2D48:002 = 0 deactivates the monitoring function.

If a suitable motor temperature sensor is connected to the terminals X109/T1 and
0 X109/T2 and the response in 0x2D48:002 is set to "Fault [3]", the response of the

motor overload monitoring may be set other than "Fault [3]" in 0x2D4B:003.

» Motor overload monitoring (i®xt) L2 189

Functional test

Connect a fixed resistor to the PTC input (T1/T2):

¢ R >4kQ: The monitoring function must be activated.

¢ R <1kQ:The monitoring function must not be activated.

Parameter
Address Name / setting range / [default setting] Information
0x2D48:002 PTC temperature sensor monitoring: Error response Setting of a response for PTC temperature monitoring.

0| No response
Fault > CiA402
Warning

[y

N
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Address Name / setting range / [default setting] Information
0x2D49:001 Motor temperature monitoring: Temperature sensor | Selection of the motor temperature sensor used.
type
0|KTY83-110
1|KTY83-110+2xPTC 150 °C
2| KTY84-130
3 | Specific characteristic
4| Reserved
5|PT1000
6| PT1000+2xPTC 150 °C
0x2D49:002 Motor temperature monitoring: Response Selection of the response to the triggering of the motor temperature
monitoring
Associated event IDs:
e 537477904 | 0x20094310 - Motor overtemperature
e 537478016 | 0x20094380 - Fault - Motor temperature sensor
0| No response
1| Warning
0x2D49:003 Motor temperature monitoring: Warning threshold Setting of the warning threshold for motor temperature monitoring.
-3276.8 ... [145.0] ... 3276.7 °C The warning threshold is reset with a hysteresis of 5 °C.
Associated event ID:
e 537478016 | 0x20094380 - Fault - Motor temperature sensor
0x2D49:004 Motor temperature monitoring: Error threshold Setting of the error threshold for motor temperature monitoring
-3276.8 ... [155.0] ... 3276.7 °C The warning threshold is reset with a hysteresis of 5 °C.
Associated event ID:
e 537478016 | 0x20094380 - Fault - Motor temperature sensor
0x2D49:005 Motor temperature monitoring: Actual motor Display of the current motor temperature.
temperature
e Readonly: x.x °C
0x2D49:006 Motor temperature monitoring: Spec. characteristic | Parameter for the specific thermal sensor characteristic
temperature grid point 1 (0x2D49:001 = 3).
0.0...[25.0] ... 255.0°C
0x2D49:007 Motor temperature monitoring: Spec. characteristic
temperature grid point 2
0.0 ... [150.0] ... 255.0 °C
0x2D49:008 Motor temperature monitoring: Spec. characteristic
resistance grid point 1
0...[1000] ... 30000 Q
0x2D49:009 Motor temperature monitoring: Spec. characteristic
resistance grid point 2
0...[2225] ... 30000 Q
0x2DDF:007 Axis information: Function of X109

e Read only

0|None

10 | HIPERFACE DSL® (OCT)

20| PTC
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10.10.2.1 Individual characteristic for motor temperature sensor

The setting of a characteristic for the motor temperature sensor is not suitable as
an adequate replacement of a tripping unit for the thermal protection of rotating
electrical machines (EN 60947- 8:2013)!

If required, you can define and activate a special characteristic for the motor temperature
sensor.

e The special characteristic is activated via the setting 0x2D49:001 = 3

¢ The special characteristic is defined based on two parameterisable grid points. The two
grid points define a line that is extrapolated to the left and to the right.

This default setting can be changed by the following parameters:

* Thermal sensor characteristic: Grid point 1 - temperature » 0x2D49:006
* Thermal sensor characteristic: Grid point 1 - resistance » 0x2D49:008

* Thermal sensor characteristic: Grid point 2 - temperature » 0x2D49:007
* Thermal sensor characteristic: Grid point 2 - resistance » 0x2D49:009

Selecting a motor from the motor catalogue overwrites the parameters of the
special characteristic!

10.10.3 Overcurrent monitoring

This function monitors the instantaneous value of the motor current and serves to protect the
motor from irreversible damage. Overcurrent monitoring is effective for all motor control
modes.

NOTICE

With an incorrect parameterization, the maximum permissible motor current may be
exceeded in the process.

Possible consequences: Irreversible damage of the motor

Avoid motor damages by using the overcurrent monitoring function as follows:

» The setting of the threshold for the overcurrent monitoring in 0x2D46:001 must be adapted
to the connected motor.

» Set the maximum current of the inverter in 0x6073 much lower than the threshold for
overcurrent monitoring for a dynamic limitation of the motor current.

Parameter
Address Name / setting range / [default setting] Information
0x2D46:001 Overcurrent monitoring: Threshold Associated event ID:
0.0...[5.4] ... 3000.0 A » 537469828 | 0x20092384 - Ultimate motor current reached
0x2D46:002 Overcurrent monitoring: Response Selection of the response to the triggering of motor current monitoring.

Associated event ID:
e 537469828 | 0x20092384 - Ultimate motor current reached

o

No response

[y

Warning

N

Trouble
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10.10.4 Motor phase failure detection

The motor phase failure detection function can be activated for both synchronous and
asynchronous motors.

6 In the Lenze setting, monitoring is not activated!

Preconditions

Motor phase failure detection during operation is suitable for applications which are operated
with a constant load and speed. In other cases, transient processes or unfavourable operating
points can cause erroneous triggering to occur.

Parameter
Address Name / setting range / [default setting] Information
0x2D45:001 Motor phase failure detection: Response - Motor Selection of the response following the detection of a motor phase
phase 1 failure during operation.
Associated event IDs:
e 537526025 | 0x2009FF09 - Motor phase missing
e 537526026 | 0x2009FFOA - Motor phase failure phase U
e 537526027 | 0x2009FFOB - Motor phase failure phase V
e 537526028 | 0x2009FFOC - Motor phase failure phase W
0| No response » Severity (1390
1| Warning
2| Trouble
0x2D45:002 Motor phase failure detection: Current threshold
1.0...[5.0] ... 10.0%
0x2D45:003 Motor phase failure detection: Voltage threshold Voltage threshold for motor phase monitoring for the VFC control mode
0.0...[10.0] ... 100.0 V (0x2C00 = 6).
* The monitoring function is triggered if the motor current exceeds the
rated motor current-dependent current threshold for longer than
20 ms. Rated motor current 0x6075
« In case of the V/f characteristic control, the voltage threshold is
considered additionally for the motor phase failure detection. If the
motor voltage is higher than the voltage threshold, monitoring is
combined with the motor current.
0x2D45:004 Motor phase failure detection: Response - Motor Selection of the response following the detection of a motor phase
phase 2 failure directly after controller enable.
0| No response » Severity (2390
1| Fault > CiA402
2| Trouble

10.10.5 Motor speed monitoring

This function monitors the motor speed during operation.

Parameter
Address Name / setting range / [default setting] Information
0x2D44:001 Overspeed monitoring: Threshold
5 ...[8000] ... 50000 rpm
0x2D44:002 Overspeed monitoring: Response Selection of the response to the triggering of motor speed monitoring.
Associated event ID:
e 537526022 | 0x2009FF06 - Motor overspeed
0| No response » Severity 2390
1|Warning
2| Trouble
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10.11 Frequency and speed limitations

By limiting the maximum output frequency to + 599 Hz, the devices are not subject
to the export restrictions of the "EC-Dual-Use Regulation" (EC 428/2009).

Output frequency

The output frequency of the servo inverter is limited to a maximum value, the amount of
which corresponds to the lower of the two following values:

f
_ ‘chop _
flim - 8 or flim _fmax_device
fim Maximum output frequency
fchop Switching frequency 0x2939
frax de Maximum device output frequency: + 599 Hz

vice

Due to the limitation of the "Dual-Use Regulation" (EC 428/2009), values > 599 Hz do not lead
to an increase of the output frequency. Please note the dead band that occurs in this case.

Speed setpoint

If servo control is used, the speed setpoint is limited depending on the number of motor pole
pairs:

flim x 60
lim =
zp
Nim Speed limit value
fim Maximum output frequency (+ 599 Hz)
zp Number of motor pole pairs

« If the speed setpoint is limited, bit 1 ("Speed: Setpoint 1 limited") or bit 5 ("Speed:
Setpoint 2 limited") is set in the Lenze status word 0x2831.

¢ The behavior corresponds to the behavior which is shown when the set maximum speed
0x6080 is reached.

¢ The sequence is as follows: First limit the speed to 0x6080, then limit to speed limit value

Njim-

Frequency setpoint

If V/f characteristic control is used, the frequency setpoint is limited in addition to the speed
setpoint.

« If the frequency setpoint is limited, bit 10 ("Output frequency limited") is set in the Lenze
status word 0x2831.
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10.12 Testing the motor control

Parameter
Address Name / setting range / [default setting] Information
0x2825 Drive mode selection

¢ Setting can only be changed if the inverter is
disabled.

0| CiA402 operating modes

Manual "voltage/frequency" test mode

Manual "current/frequency" test mode

Manual "current pulse" test mode

Manual control mode
Pole position identification (360°)

Pole position identification (min. movement)

Nl bh|lW|N|-

Pole position identification (without
movement)

(o]

Inverter characteristic identification

9 | Motor parameters identification

10 | Lh saturation characteristic identification

11 | PRBS excitation - mechanical plant

12 | PRBS excitation - current control loop

13 | PRBS excitation - speed control loop

14 | PRBS excitation - position control loop
15| Cable check

16 | Leakage inductance identification

17 | Manual "position" test mode

10.12.1 General settings for test modes

Wiring check by means of manual test modes
Before starting the parameter setting of the inverter, check the motor wiring (motor
connection / feedback connection) for errors and function and correct them if required:

1. Provided that the motor is connected in correct phase relation and the rotating field
frequency 0x2DDD is positive, the motor shaft rotates clockwise.

2. An existing speed feedback in the rotor position (0x2DDE) generates a numerical value
with positive counting direction. If required, take corrective measures: see the table at the
end of the list.

3. After the controller inhibit (0x6040) has been activated, the following manual test modes
are available via the parameter 0x2825:

* Manual "tension/frequency" test mode

* Manual "current/frequency" test mode

The parameters for the test modes can be adapted via the parameter . Please observe the
notes in the description of the respective test mode.

Rotating field frequency Display Measure
0x2DDD 0x2DDE
cw 0...2047 None
2047...0 Correct motor connection / feedback
connection
ccW 2047...0 None
0...2047 Correct motor connection / feedback
connection
Parameter
Address Name / setting range / [default setting] Information
0x2835:001 Manual test mode: Current setpoint Setting of the r.m.s. value of a phase current for the test mode.
-1000 ... [0] ... 1000 % + 100 %: Rated motor current (0x6075)
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Address Name / setting range / [default setting] Information

0x2835:002 Manual test mode: Frequency Setting of the frequency for the test mode.
-1000.0 ... [0.0] ... 1000.0 Hz

0x2835:003 Manual test mode: Starting angle Setting of the starting angle for the test mode.

-1000.0 ... [0.0] ... 1000.0 ©

Note!

After the inverter has been enabled, the synchronous motor makes a
jerky compensating movement if its pole position does not correspond
to the starting angle.
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10.12.2 Manual "tension/frequency" test mode

Functional description

In case of devices that correspond to the "dual use regulation" (EC 428/2009),
values higher than + 599 Hz up to lower than - 599 Hz do not increase the output
frequency. Please observe the deadband occurring in this case.

Further information can be found in the section "Frequency and speed limitations".
1201

After the controller is enabled in this test mode, a rotary field voltage is output at the motor

terminals with the set output frequency f ..

« If the selected frequency is positive, the motor should rotate clockwise when looking at
the A side of the motor. If this is not the case, the motor phases are connected incorrectly.

e The output voltage level is determined by the following equation

Equation for calculating the output voltage
U
_ rated
Uout - f:out X
rated
Parameter Symbol Description Dimension unit
0x2D82 Vout Current output voltage \Y
0x2835:002 out Output frequency for test mode Hz
Please observe the notes in the
section "Frequency and speed
limitations". (201
0x2B01:001 Viated Base voltage \Y
0x2B01:002 froted Base frequency Hz

The manual "voltage / frequency" test mode also serves to check the wiring of the feedback

system.

¢ If the feedback system of a synchronous motor is set correctly, an actual speed should be
displayed that can be calculated with the following equation (if the feedback system of an
asynchronous motor is set correctly, the actual speed is a bit lower due to the slip):

Equation for calculating the actual speed
f
_ out
Mact x60
meOtOI’
Parameter Symbol Description Dimension unit
0x606C N, Actual speed rpm
0x2835:002 out Output frequency for test mode Hz
0x2C01:001 ZPprotor Number of motor pole pairs

Conditions for the execution
e The motor must rotate freely.
¢ The servo inverter is error-free and in the "switched-on" device state.

Response of the motor during performance
The motor moves as a function of the set output frequency.
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Wy

How to activate the manual "voltage/frequency"” test mode:
Disable the inverter » Enable operation. 217

N

Change to the "voltage/frequency" test mode. » 0x2825 =1
Enable the inverter to start the test mode.

P w

To stop the test mode again:
- Disable inverter.
- Change back to the "CiA402 operating mode". » 0x2825 =0

10.12.3 Manual "current/frequency" test mode

Preconditions for the performance
¢ The motor must rotate freely.
¢ The inverter is error-free and in "Switched on" device state.

Functional description

In this test mode, three phase currents are injected into the connected motor after the
inverter is enabled.

* Adaptation of the phase currents:

Parameter Info Data type
0x2835:001 R.m.s. value of a phase current INTEGER_16
« Selected in [%] based on the rated motor
current.
0x2835:002 Frequency INTEGER_16
0x2835:003 Starting angle INTEGER_16

¢ Reading out the present phase currents:

Parameter Info Data type

0x2D83:002 Motor current phase U INTEGER_32
0x2D83:003 Motor current phase V INTEGER_32
0x2D83:004 Motor current phase W INTEGER_32

Advantages compared to the manual "voltage/frequency" test mode
¢ The current cannot be set freely but is adjusted to a defined value.
¢ If a synchronous motor is connected, it is possible to predict the torque.

Response of the motor during performance
¢ The motor moves as a function of the set output frequency.

compensating movement if its pole position does not correspond to the starting

6 After the inverter has been enabled, the synchronous motor makes a jerky
angle.

How to activate the manual "current/frequency" test mode:
Disable inverter » Enable operation. 217

N

Change to the "current/frequency" test mode. » 0x2825 =2
Enable the inverter to start the test mode.

P w

To stop the test mode again:
- Disable inverter.
- Change back to the CiA402 operating mode. » 0x2825 =0
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10.12.4 Manual "current pulse" test mode

The stator resistance and the stator inductance of the inverter must be adapted to the
electrical characteristics of the motor. For an experimental adjustment, the manual "Current
pulse" test mode can be used.

This test mode is provided for adjusting the current controller in the "Servo control
for synchronous motor/asynchronous motor" operating mode and is not suitable
for adjusting the Imax controller in the "V/f characteristic control (VFC)" operating
mode!

In the manual "Current pulse" test mode, setpoint step-changes are applied to the current
controller input subsequent to controller enable. The step responses must then either be
recorded using an oscilloscope and a clamp-on ammeter, or using the oscilloscope function of
the inverter. It is the objective to optimise the two "Gain" and "Reset time" current controller
parameters by evaluating the step responses so that a speedy current characteristic is
achieved, which, if possible, is free of harmonics.

In the case of motors with single pole windings, satisfactory results are possibly only achieved
with a current-dependent correction of the current controller parameters. For this purpose, a
characteristic is stored in the inverter, which describes the current dependance of the stator
leakage inductance and which tracks the current controller gain.

After the inverter has been enabled, the synchronous motor makes a jerky
compensating movement if its pole position does not correspond to the starting
angle.

The motor phase U is energized with a DC current the level of which is determined via the
following equation.

|
_\/Exl [(%:']>< rated

phase_U — test
100%

In motor phases V and W, half of this DC current flows (negative; from the motor).

ase_v,_w = —0.5X% V2 x I [%] % ﬁ

The following parameters are relevant to the calculation:
* Manual test mode: setpoint current » 0x2835:001

* Motor rated current » 0x6075

* Read only: current phase U » 0x2D83:002

* Read only: current phase V » 0x2D83:003

* Read only: current phase W » 0x2D83:004

Conditions for the execution
¢ The motor must be parameterised completely.

» The motor utilisation (I2xt) monitoring must be parameterised and switched to
active. » Motor overload monitoring (i’xt) 1189

e The motor must rotate freely.
¢ The inverter is error-free and switched on.

¢ The rotor of synchronous motors must be in the pole centre during the test. For some
synchronous motors, it might be required to align and lock the rotor in the pole centre.

- Using the manual test mode "current/frequency" is useful for a one-time alignment of
the rotor with the following settings:

R.m.s. value = 70 ... 100 %; frequency = 0 Hz; starting angle = 0°

» Manual "current/frequency" test mode £ 205
- Fixation by means of the holding brake or the use of external fixation aids
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Responses of the motor during performance

6 Remove the mechanical fixation after the current controller has been adjusted!

The motor usually aligns itself only once with the first controller enable.

How to adjust the current controller by means of the manual test mode "current pulse":

* Disable inverter.

e Calculate start parameters for the inverter based on the parameterised motor data.
- The automatic calculation is made via the parameter 0x2822:013.
- You can determine the start parameter manually.

* Change to the "current pulse" test mode. » 0x2825 =3

* Set the setpoint current for the manual test mode. » 0x2835:001

* Enable the inverter for a short while to start the test mode.

¢ Measure the step response of the motor current in the motor phase U by means of an
oscilloscope and a clamp-on ammeter.

¢ Evaluate the step response.
e Adjust the gain and the reset time of the inverter.

¢ Repeat steps 1 ... 6 until the optimum step response of the motor current has been
reached.

e Exit the test mode:
- Disable the inverter.
- Change to the CiA402 mode. » 0x2825=0
¢ For permanent saving: save changed current controller parameters.
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11 1/0 extensions and control connections

11.1 Configure digital inputs

6 The digital inputs 1 ... 2 are located onboard on terminal X3.

Details

The digital inputs are used for control tasks. For this purpose, the digital inputs are available as
selectable triggers for functions.

The following settings are possible for the digital inputs:

* Debounce time ©

* Inversion @

e Manual I/O control ®

OX60FD,Bit16  0x2633:001 0x2632:001 0x263B:001 0x282C:001, Bit16
X3 3?_ — Trigger
D1 o ot 2 Digital input 1 [11]
] 0x2638:002 f;: e
0x60FD, Bit17 ~ 0x2633:002 0x2632:002 § 0x282C:001, Bit17
oy z
DI2 - R R
0 t [1p 1 | 0x263B:003 - Digital input 2 [12]

Diagnostic parameters
Display of the logic state of the digital inputs: 0x60FD.

Debounce time

The debounce time can be used to prevent short disturbances from being erroneously
recognized as signals.

Inversion

Each digital input can be configured in such a way that the state pending at the terminal is
logically inverted internally. This way, a closed contact, for instance, serves to deactivate an
assigned function instead of activating it.

Manual 1/0O control

Each digital input can be manually overridden. After the function is activated, the actual
values are "frozen". Afterwards, each digital input can be overwritten manually.

Setting:

¢ Activation for all digital inputs: 0x263B:001

e Entry of the individual manual values: 0x263B:002 ... 0x263B:003

Parameter
Address Name / setting range / [default setting] Information
0x2632:001 Inversion of digital inputs: Digital input 1 Inversion of digital input 1
0| Not inverted
1|Inverted
0x2632:002 Inversion of digital inputs: Digital input 2 Inversion of digital input 2
0| Not inverted
1|Inverted
0x2633:001 Digital input debounce time: Digital input 1 Debounce time of digital input 1
0...[0]...50 ms
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Address Name / setting range / [default setting] Information
0x2633:002 Digital input debounce time: Digital input 2 Debounce time of digital input 2
0...[0]...50 ms
0x263B:001 Digital inputs internal control: Activation Activation of the internal control for all available digital inputs.
0| Off
1/0n
0x263B:002 Digital inputs internal control: DI1 internal control Input of the manual value for the digital inputs.
0| Off
1/0n
0x263B:003 Digital inputs internal control: DI2 internal control
0| Off
1/0n
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12 Configuring the network

The following conventions are used in this documentation for specifying the
parameter address:

* The index is specified as a hexadecimal value.

* The subindex is specified as a decimal value.
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Configuring the network
CiA 402 device profile
Supported operating modes

The CiA® 402 device profile defines the functional behaviour of stepping motors, servo drives,
and frequency inverters. In order to be able to describe the different drive types, various
operating modes and device parameters are specified in the device profile. Each operating
mode provides objects (e.g. for the setpoint speed, acceleration and deceleration) to generate

the desired drive behaviour.

¢ CiA® is a registered community trademark of the CAN in Automation e. V user

organization.

* More information can be found in the CiA 402 specification (CANopen device profile for
drives and Motion Control) of the CAN in Automation (CiA) user organization:

http://www.can-cia.org

12.1.1 Supported operating modes

The inverter supports the following CiA 402 operating modes:

CiA 402 operating modes Can be used with
Servo control V/f characteristic control
Operating mode "CiA 402 cyclic sync position mode (csp)" 54 ° -
Operating mode "CiA 402 velocity mode (vI)" 70 [ [
Operating mode "CiA 402 cyclic sync velocity mode (csv)" 177 [ [
Operating mode "CiA 402 cyclic sync torque mode (cst)" 190 ® -

A CiA 402 operating mode can be activated via 0x6060.

Parameter
Address Name / setting range / [default setting] Information
0x6060 CiA: Operation mode CiA: Operation mode
-13| MS: Manual jog open loop (MOL) Manufacturer-specific manual control
» Operation mode "Manual Jog" 1232
-12 | MS: Pole position identification (PPI) Manufacturer-specific pole position identification (PLI)
» Synchronous motor: Pole position identification (PPI) i 116
» Selection of the PPI method for CiA mode 117
0| No selection No selection
2| CiA: Velocity mode (vl)
8| CiA: Cyclic sync position (csp)
9| CiA: Cyclic sync velocity mode (csv)
10 | CiA: Cyclic sync torque mode (cst)
0x6061 CiA: Active operation mode CiA: Active operation mode
¢ Read only
-13| MS: Manual jog open loop (MOL) Manufacturer-specific manual control
-12 | MS: Pole position identification (PPI) Manufacturer-specific pole position identification (PLI)
-11|Identification
-10| Test mode
0| No selection No selection
2| CiA: Velocity mode (vl)
8| CiA: Cyclic sync position (csp)
9 | CiA: Cyclic sync velocity mode (csv)
10 | CiA: Cyclic sync torque mode (cst)
0x6502 Supported drive modes Bit coded display of the operating modes supported.
* Readonly
Bit 1 |CiA: Velocity mode 1 = CiA: velocity mode is supported.
Bit 7| Cyclic sync position mode
Bit 8| Cyclic sync velocity mode
Bit 9| Cyclic sync torque mode
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12.1.2  Basic setting

Set the following parameters.

Parameter
Address Name / setting range / [default setting] Information
0x605A CiA: Quick stop mode Device status after exiting the quick stop ramp.
2| Ramp > switch on disabled Automatic change to the "Switch-on inhibited" device state.
* The "Quick stop active [54]" status is reset to FALSE after ramp-down
to standstill.
6| Ramp > quick stop active The inverter remains in the "Quick stop active" device state.
* The "Quick stop active [54]" status remains TRUE until the "Quick
stop" function is activated.
0x605B Shutdown option code Defines the transition from the status "Operation enabled" to "Ready to
start".
0 | Disable drive function 0: Immediate inverter disable (standard setting)
1|Slow down on quick stop ramp and disable |1: "Quick stop" with subsequent inverter disable.
drive function
0x605E CiA: Response to minor faults Set the transition response for slight errors.
List of minor faults: » Configuring the transition response for minor
faults
-3 | Advanced quick stop (hoist)
-2| Advanced quick stop If possible, the motor is brought to a standstill with the "quick stop"
function.
If this is not possible (e.g. in the event of an encoder error), a braking
torque is generated with reverse current braking or short-circuit braking.
0| No transition response The motor is no longer energized.
2| Quick stop The motor is brought to a standstill with the "quick stop" function.
0x2826 Timeout for error response If the transition reaction specified in CiA: Response to minor faults is not
0..[4]..100s completed within this time, the inverter changes to the 'Error' state.
The motor is no longer energized.
When the automatic brake is activated, a brake controlled by the
inverter is applied. » 0x2820:001
0x607E Polarity Setting of the polarity of the position setpoint.
0..[0]..0 0 = the position setpoint is interpreted as entered in Ox607A (Set
« Setting can only be changed if the inverter is position).
disabled.
0x6085 Quick stop deceleration Change in velocity used for deceleration to a standstill if quick stop is
0...[2147483647] ... 2147483647 activated.
12.1.3  Process input data

Information on the CiA 402 process input data can be found in the following sections:

* Configure position control » Process input data (CiA 402 objects) L1 58

* Configure speed control » Process input data (CiA 402 objects) 183

* Configure torque control » Process input data (CiA 402 objects) 194

12.1.4 Process output data

Information on the CiA 402 process output data can be found in the following sections:

* Configure position control » Process output data (CiA 402 objects) 59

* Configure speed control » Process output data (CiA 402 objects) (184

* Configure torque control » Process output data (CiA 402 objects) L1195
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12.1.5 Commands for device state control

0x6040 (CiA control word) can be used to trigger commands to put the inverter into a certain
device state.

Command Bit pattern in the CiA control word (0x6040)
Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
Reset fault Dependent on the operating mode Operation | Activating Establish Switch-on
enable quick stop | readiness
for
operation
Switch-off 215 0 X X X X 1 1 0
Switch on 216 0 X X X 0 1 1 1
Enable operation 217 0 X X X 1 1 1 1
Activate quick stop 1218 0 X X X X 0 1 X
Disable operation 219 0 X X X 0 1 1 1
Pulse inhibit 220 0 X X X X X 0 X
Reset fault 221 01 X X X X X X X
X = state is not relevant
More Lenze-specific control bits (bit 8 ... 15)
Command Bit pattern in the CiA control word (0x6040)
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Reserved Release Reserved Dependent on the operating mode Stop motor
brake
Apply brake X 0 X X X X
Release brake X 1
Stop motor X X X X X X X 1
X = state is not relevant
Detailed information on the various commands can be found in the following sections.
Parameter
Address Name / setting range / [default setting] Information
0x6040 CiA control word Mappable CiA control word with bit assignment according to device
0x0000 ... [0x0000] ... OXFFFF profile CiA 402.

Bit 0|Switch on 1 = switch-on

Bit 1|Enable voltage 1 = Enable voltage

Bit 2 |Disable quick stop 0 = activate quick stop

Bit 3 |Enable operation 1 = Enable operation

Bit 4| Operation mode specific

Bit 5|Operation mode specific

Bit 6| Operation mode specific

Bit 7 |Fault reset 0-1 edge = fault reset

Bit 8|Halt 1 = stop motor (ramping down to frequency setpoint 0 Hz)

Bit 9| Operation mode specific Operating mode specific

Bit 14 |Release holding brake 1 =release holding brake

/\ CAUTION!

* The manually triggered "Release holding brake" command has a direct
impact on the "Release holding brake [115]" trigger. Thus, the holding
brake can be manually released if the power section is switched off.

* The responsibility for a manual opening of the holding brake lies with
the user of the external trigger source for the "Release holding brake"
command.

» Holding brake control 151
0x2DE0:014 Service settings: Overwrite bit 4 of CiA control word
0 | No overwrite
1| Overwrite with FALSE
2| Overwrite with TRUE
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Example

A PLC program of a PLCopen control can, for instance, trigger several commands for state
changes in a row by the level change at the bRegulatorOn input of the "MC_Power" block.

In the mentioned example, these device commands are "Switch-off" and "Switch on" in this
order.
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Switch-off
12.1.5.1  Switch-off
This command serves to change the "Switch-on inhibited" device state to the "Ready to
switch on" device state.
If the pulse inhibit has already been deactivated and the device status of the inverter is
"Operation enabled", this command sets the pulse inhibit again.
¢ If automatic brake operation is activated, the parameterized Brake closing time
(0x2820:002) is observed: The system waits until the brake is applied before the pulse
inhibit is set. In the CiA 402 "CiA: Velocity mode”, the Brake closing time is not observed.
¢ The motor has no torque.
¢ The device state "Switched on" or "Operation enabled" changes back to the "Ready to
switch on" state.
A DANGER!
Uncontrolled motor movements by pulse inhibit.
If the motor has no torque, a load that is connected to motors without a holding brake may
cause uncontrolled movements! Without a load, the motor will coast.
Possible consequences: Death or severe injuries
» Only operate the inverter under permissible load conditions.
Not ready to Fault reaction
switch on active
Switch on Fault
disabled active
Ready to Quick stop
switch on active
Switched Operation
on enabled
1  From all states
2 Power section disabled (pulse inhibit)
3 Power section enabled
Bit pattern in the CiA control word (0x6040)
Bit15...8 Bit 7 Bit6 | Bits |  Bit4 Bit 3 Bit 2 Bit 1 BitO
Reserved Reset fault Operating mode dependent Operation | Activate quick Establish Switch-on
(specific) enabled stop readiness for
operation
X 0 X \ X \ X X 1 1 0
X = state is not relevant
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12.1.5.2 Switchon

This command serves to deactivate the switch on inhibit which is active after switch on or
after the reset (acknowledgement) of an error.

A changeover to the "Switched on" device status takes place.

Not ready to Fault reaction
switch on active

Switch on Fault
disabled active

Ready to Quick stop
switch on active

Switched Operation
on enabled

1  From all states
2 Power section inhibited (pulse inhibit)
3 Power section enabled

Bit pattern in the CiA control word (0x6040)
Bit15...8 Bit 7 Bit6 | Bit5 |  Bit4 Bit 3 Bit2 Bit 1 Bit 0
Reserved Reset fault Operating mode-dependent Operation | Activate quick Establish Switch-on
(specific) enabled stop readiness for
operation
X 0 X \ X \ X 0 1 1 1
X = state is not relevant
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12.1.5.3

This command enables the operation and stop an active quick stop again.

Enable operation

¢ A changeover to the "Operation enabled" device status takes place.
¢ The output stages of the inverter become active.

Power on

Not ready to Fault reaction

switch on

Switch on
disabled

active

Fault
active

Ready to Quick stop
switch on active

Switched Operation
on enabled

1  From all states

2 Power section inhibited (pulse inhibit)

3 Power section enabled
Bit pattern in the CiA control word (0x6040)

Bit15...8 Bit 7 Bit6 | Bit 5 \ Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Reserved Reset fault Operating mode dependent Operation Activate quick Establish Switch-on

(specific) enabled stop readiness for

operation
X 0 X \ X \ X 1 1 1 1

X = state is not relevant
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12.1.5.4 Activate quick stop

This command activates quick stop when the operation is enabled.

¢ The drive is brought to a standstill irrespective of the setpoint specified with the
deceleration (0x6085) set for quick stop.

¢ A changeover to the "Quick stop active" device status takes place.

e Then, state change to "Switch-on inhibited" parameter 0x605A "CiA: Quick stop mode".

If the operation is not enabled (device state "Ready to switch on" or "Switched on"), this
command changes the state to "operation disabled".

Fault reaction

Not ready to

switch on active

Switch on Fault
disabled active

Quick stop
active

Ready to
switch on

Switched Operation
on enabled

1  From all states

2 Power section disabled (pulse inhibit)

3 Power section enabled
Bit pattern in the CiA control word (0x6040)

Bit15...8 Bit 7 Bit6 |  Bits |  Bita Bit 3 Bit 2 Bit 1 Bit0

Reserved Reset fault Operating mode dependent Operation | Activate quick Establish Switch-on

(specific) enabled stop readiness for

operation
X 0 X \ X \ X X 0 1 X

X = state is not relevant

« During quick stop, the inverter executes the setpoint generation and no longer follows the
setpoint defined by the network master.

¢ |If several inverters execute a chained synchronous motion, the quick stop function has to
be coordinated by the network master by means of a quick stop profile (master function).
In this case, quick stop cannot be activated via the control bit 2.

e During the quick stop, the maximum current (0x6073) and the maximum torque (0x6072)
are active. The lower of the two limits determines the motor torque output. The torque
limits from 0x60E0 and Ox60E1 are not effective during the quick stop.
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12.1.5.5

This command disables the enabled operation again.

Disable operation

* The pulse inhibit is set (pulses of the inverter are inhibited).

¢ If automatic brake operation is activated, the parameterized Brake closing time
(0x2820:002) is observed: The system waits until the brake is applied before the pulse
inhibit is set. In the CiA 402 "CiA: Velocity mode", the Brake closing time is not observed.

e Achangeover to the "Switched on" device state takes place.

Power on

Not ready to
switch on

Fault reaction
active

Switch on Fault

disabled active

Ready to
switch on

Quick stop
active

Switched Operation
on enabled

1  From all states

2 Power section disabled (pulse inhibit)

3 Power section enabled
Bit pattern in the CiA control word (0x6040)

Bit15...8 Bit 7 Bit6 | Bits |  Bit4 Bit 3 Bit 2 Bit 1 BitO

Reserved Reset fault Operating mode dependent Operation | Activate quick Establish Switch-on

(specific) enabled stop readiness for

operation
X 0 X \ X \ X 0 1 1 1

X = state is not relevant
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12.1.5.6  Pulse inhibit
This command disables the output stages of the inverter.

* The pulse inhibit is activated (pulses of the inverter are inhibited) if not already active.
¢ The motor has no torque.
* Achangeover to the "Switch-on inhibited" device state takes place.

A DANGER!

Uncontrolled motor movements by pulse inhibit.

If the motor has no torque, a load that is connected to motors without a holding brake may
cause uncontrolled movements! Without a load, the motor will coast.

Possible consequences: Death or severe injuries
» Only operate the inverter under permissible load conditions.

Fault reaction
active

Not ready to
switch on

Switch on Fault
disabled active

Ready to
switch on

Quick stop
active

Switched Operation
on enabled

1  From all states

2 Power section inhibited (pulse inhibit)

3 Power section enabled
Bit pattern in the CiA control word (0x6040)

Bit15...8 Bit 7 Bit6 | Bit5 |  Bit4 Bit 3 Bit 2 Bit 1 Bit0

Reserved Reset fault Operating mode dependent Operation | Activate quick Establish Switch-on

(specific) enabled stop readiness for

operation
X 0 X \ X \ X X X 0 X

X = state is not relevant
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Reset fault
12.1.5.7 Reset fault
This command resets a pending fault if the cause of the fault has been eliminated.
¢ The pulse inhibit remains active (pulses of the inverter are inhibited).
¢ A changeover to the "Switch-on inhibited" device status takes place (switch-on inhibit
remains active).
Not ready to Fault reaction
switch on active
Switch on Fault
disabled active
Ready to Quick stop
switch on active
Switched Operation
on enabled
1  From all states
2 Power section inhibited (pulse inhibit)
3 Power section enabled
Bit pattern in the CiA control word (0x6040)
Bit15...8 Bit 7 Bit6 | Bit 5 \ Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Reserved Reset fault Operating mode dependent Operation Activating Establish Switch-on
(specific) enabled quick stop readiness for
operation
X 071 X \ X \ X X X X X
X = state is not relevant
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12.1.6 Device states

0x6041 (CiA status word) displays the current device status of the inverter.

Device status Bit pattern in the CiA 402 status word (0x6041)
Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
Warning is | Operation | Quick stop DC bus Fault active | Operation | Switched Ready to
active inhibited active ready for enabled on switch on
operation

Not ready to switch on 1224 X 1 X X 0 0 0 0
Switch-on inhibited 225 X 1 X X 0 0 0 0
Ready to switch on 1226 X 1 1 X 0 0 0 1
Switched on 227 X 1 1 X 0 0 1 1
Operation enabled 1228 X 0 0 X 0 1 1 1
Quick stop active 1229 X 0 1 X 0 1 1 1
Fault reaction active 1230 X 0 X X 1 1 1 1
Trouble 231 X 1 X X 1 0 0 0

X = state is not relevant
Status bit 7: "Warning active"

Status bit 7 indicates a warning.

¢ A warning does not cause a state change.

¢ Warnings do not need to be reset.

More Lenze-specific status bits (bit 8 ... 15)

Device status Bit pattern in the CiA 402 status word (0x6041)

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Not active Brake Following Drive Internal Target Control RPDOs
released error is follows | limitationis| position word deactivated
active setpoint active reached processed
selection successfully

Brake applied X 0 X X X X X
Brake released X 1 X X X X X X
Active 0 X X X X X X X

not active 1 X X X X X X X

X = state is not relevant

Detailed information on the various device states can be found in the following sections.
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Parameter
Address Name / setting range / [default setting] Information
0x6041 CiA status word Mappable CiA status word with bit assignment according to device
¢ Read only profile CiA 402.
Bit O|Ready to switch on 1 =drive ready to start
Bit 1|Switched on 1 = drive switched-on
Bit 2 |Operation enabled 1 = operation enabled
Bit 3|Fault 1 = fault or trouble active
Bit 4 |Voltage enabled 1 =DC bus ready for operation
Bit 5|Quick stop disabled 0 = quick stop active
Bit 6 |Switch on disabled 1 = operation inhibited
Bit 7 |Warning 1 = warning active
Bit 8 |RPDOs disabled 1 = cyclic PDOs have been deactivated
Bit 9| CiA control enabled 1 =inverter can receive commands via network.
» Bitis not set in the operating mode 0x6060 = "MS: Velocity mode
[-2]".
Bit 10 |Setpoint reached 1 =the actual speed is in the window.
Bit 11|Internal limit active 1 = internal limitation of a setpoint active
Bit 12| Operation mode specific 1 = operation enabled and no test mode activated. (no internal setpoint
generation active.)
Bit 13| Operation mode specific 1 = following error active
Bit 14| Holding brake released 1 = holding brake released
Bit 15|STO not active 0 = STO is active or impermissible state at the safe inputs SIA and SIB
(inverter disabled)
1=STO is not active (inverter enabled)
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Not ready to switch on

12.1.6.1 Not ready to switch on

This is the device state of the inverter directly after switching on the supply voltage.

* |n this device status, the device is initialised.

¢ Communication is not possible yet.

¢ The inverter cannot be parameterised yet and no device commands can be carried out yet.
* The motor brake, if available, is closed.

e Operation is inhibited.

Not ready Fault reaction

to switch on active

Switch-on inhibited

Quick stop active

Ready to switch on

Operation enabled

Switched on
1  From all states
2 Power section inhibited (pulse inhibit)
3 Power section enabled
Bit pattern in the CiA status word (0x6041)
Bit15...8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0
Reserved Warning Operation Quick stop DC bus ready | Fault active Operation Switched on Ready to
(specific) active inhibited active for operation enabled switch on
X X 0 X X 0 0 0 0
X = state is not relevant
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Switch-on inhibited

12.1.6.2  Switch-on inhibited

This is the device state of the inverter after the device has been initialised successfully.

A change to this state also takes place when the EtherCAT bus is in "Operational" state or the
PDO communication via (Control selection) is deactivated.

e Process data monitoring is active.

¢ Communication is possible.

¢ The DC-bus voltage can be present.

e The inverter can be parameterised.

« If the internal holding brake control (0x2820:001) is active in the inverter, the motor brake
is closed.

e Operation is inhibited.

Power on

Not ready to
switch on

Switch on
disabled

Ready to Quick stop
switch on active

Switched Operation
on enabled
1  From all states
2 Power section inhibited (pulse inhibit)
3 Power section enabled
Bit pattern in the CiA status word (0x6041)
Bit15...8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0
Reserved Warning Operation Quick stop DC bus ready | Fault active Operation Switched on Ready to
(specific) active inhibited active for operation enabled switch on
X X 1 X X 0 0 0 0
X = state is not relevant
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12.1.6.3 Ready to switch on

This is the device state of the inverter after the device has been initialised successfully and
after the Switch-off command has been triggered.

A change to this device state also takes place if the "Switch-off" command was triggered in the
states "Switched on" or "Enable operation".

e Process data monitoring is active.

¢ Communication is possible.

¢ The DC-bus voltage is available.

¢ The inverter can be parameterised.

« If the internal holding brake control (0x2820:001) is active in the inverter, the motor brake
is closed.

e Operation is inhibited.

Power on

Not ready to
switch on

Switch on
disabled

Ready to Quick stop
switch on active

Switched
on

Operation
enabled

1  From all states
2 Power section inhibited (pulse inhibit)
3 Power section enabled

Bit pattern in the CiA status word (0x6041)

Bit15...8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0

Reserved Warning Operation Quick stop DC bus ready | Fault active Operation Switched on Ready to

(specific) active inhibited active for operation enabled switch on
X X 0 1 X 0 0 0 1

X = state is not relevant
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Switched on
12.1.6.4 Switched on
This is the device state of the inverter after the "Switch on" command has been triggered in
the "Ready to switch on" device state.
¢ Process data monitoring is active.
¢ Communication is possible.
¢ The DC-bus voltage is available.
¢ The inverter can be parameterized.
¢ If the internal holding brake control (0x2820:001) is active in the inverter, the motor brake
is closed.
¢ Operation is disabled.
Not ready to ‘
Switch on
disabled
Ready to Quick stop
switch on active
Switched Operation
on enabled
1  From all states
2 Power section disabled (pulse inhibit)
3 Power section enabled
Bit pattern in the CiA status word (0x6041)
Bit15...8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Reserved Warning Operation Quick stop DC bus ready | Fault active Operation Switched on Ready to
(specific) active disabled active for operation enabled switch on
X X 0 1 X 0 0 1 1
X = stateis not relevant
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12.1.6.5 Operation enabled

This device state represents normal operation. Operation in the selected operating mode is
enabled and no errors have occurred.

¢ Only the parameters of the inverter can be changed that do not require an inverter
disable.

¢ A motor brake, if any, is open if the automatic operation of the holding brake control is
activated (0x2820:001 = 0).

¢ The drive control is active.

Not ready to
switch on

Switch on
disabled

Ready to Quick stop
switch on active

Switched Operation
on enabled
1  From all states
2 Power section inhibited (pulse inhibit)
3 Power section enabled
Bit pattern in the CiA status word (0x6041)
Bit15...8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Reserved Warning Operation Quick stop DC bus ready | Fault active Operation Switched on Ready to
(specific) active inhibited active for operation enabled switch on
X X 0 1 X 0 1 1 1
X = state is not relevant
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Quick stop active

12.1.6.6  Quick stop active
This device state is active if quick stop is executed or active.

¢ Only the parameters of the inverter can be changed that do not require an inverter
disable.

¢ If the internal holding brake control (0x2820:001) is active in the inverter, the motor brake
is closed.

¢ The drive control is active.

Not ready to
switch on

Switch on
disabled

Ready to Quick stop
switch on active

Switched Operation
on enabled
From all states
Power section inhibited (pulse inhibit)
Power section enabled
Bit pattern in the CiA status word (0x6041)
Bit15...8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Reserved Warning Operation Quick stop DC bus ready | Fault active Operation Switched on Ready to
(specific) active inhibited active for operation enabled switch on
X X 0 0 X 0 1 1 1
X = state is not relevant

The "Enable operation" command stops an active quick stop.
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Fault reaction active

12.1.6.7 Fault reaction active

This device state becomes active if a minor fault occurs. This means that the inverter is still
able to drive the motor in a controlled way.

¢ The inverter is brought to a standstill irrespective of the setpoint specified with the
deceleration (0x6085) set for quick stop.
If the inverter is at standstill, a change to the "Trouble" device state take place
automatically.

¢ Only the parameters of the inverter can be changed that do not require an inverter
disable.

¢ If the internal holding brake control (0x2820:001) is active in the inverter, the motor brake
is closed.

¢ The drive control is active.

Power on

Not ready to
switch on

Switch on

disabled

Ready to Quick stop
switch on active

Switched Operation
on enabled

1  From all states
2 Power section inhibited (pulse inhibit)
3 Power section enabled

Bit pattern in the CiA status word (0x6041)

Bit 15...8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit O

Reserved Warning Operation Quick stop DC bus ready | Fault active Operation Switched on Ready to

(specific) active inhibited active for operation enabled switch on
X X 0 X X 1 1 1 1

X = state is not relevant
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Trouble
12.1.6.8 Trouble
This device state becomes active if a serious system fault occurs. This means that the inverter
is no longer able to drive the motor in a controlled way. The inverter is switched off
immediately.
* The pulse inhibit is active (pulses of the inverter are inhibited).
¢ The motor is torqueless.
¢ The motor brake, if available, is closed.
¢ Operation is inhibited.
¢ The inverter can be parameterised.
Not ready to Fault reaction
switch on active
Switch on Fault
disabled active
Ready to Quick stop
switch on active
Switched Operation
on enabled
1  From all states
2 Power section inhibited (pulse inhibit)
3 Power section enabled
Bit pattern in the CiA status word (0x6041)
Bit15...8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0
Reserved Warning Operation Quick stop DC bus ready | Fault active Operation Switched on Ready to
(specific) active inhibited active for operation enabled switch on
X X 0 X X 1 0 0 0
X = state is not relevant

This device state can only be left with the "Reset fault" command if the cause of the fault has
been removed.
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12.1.7 Operation mode "Manual Jog"

Parameter

Address Name / setting range / [default setting] Information

0x2C67:001 MOL settings for 0x6060: Current setpoint 1
0...[71]...200 %

0x2C67:002 MOL settings for 0x6060: Frequency 1
-500.0 ... [1.0] ... 500.0 Hz

0x2C67:003 MOL settings for 0x6060: Current 1 - ramp time
10 ... [10] ... 1000 ms

0x2C67:004 MOL settings for 0x6060: Frequency 1 - ramp time
0...[200] ... 10000 ms

0x2C67:005 MOL settings for 0x6060: Starting angle 1
-179.9 ...[0.0] ... 179.9°

0x2C67:006 MOL settings for 0x6060: Stopping time 1
0.0 ... [10000.0] ... 10000.0 s
e Setting can only be changed if the inverter is

disabled.

0x2C67:011 MOL settings for 0x6060: Current setpoint 2
0...[71]...200 %

0x2C67:012 MOL settings for 0x6060: Frequency 2
-500.0 ... [5.0] ... 500.0 Hz

0x2C67:013 MOL settings for 0x6060: Current 2 - ramp time
10...[10] ... 1000 ms

0x2C67:014 MOL settings for 0x6060: Frequency 2 - ramp time
0...[1000] ... 10000 ms

0x2C67:015 MOL settings for 0x6060: Starting angle 2
-179.9 ...[0.0] ... 179.9°

0x2C67:016 MOL settings for 0x6060: Stopping time 2
0.0 ... [10000.0] ... 10000.0 s
¢ Setting can only be changed if the inverter is

disabled.
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12.2 onboard EtherCAT - Operation as standard EtherCAT slave

12.2.1 Commissioning

Preconditions:

¢ The inverter is networked as an EtherCAT slave with an EtherCAT master and, if necessary,
further EtherCAT devices.

¢ The entire wiring has already been checked for completeness, short circuit and earth fault.
¢ All EtherCAT devices are supplied with voltage and are switched on.
¢ The inverter is commissioned with the "EASY Starter" or the "PLC Designer".

- Download »EASY Starter«

- Download »PLC Designer«

¢ The EtherCAT master is commissioned with a manufacturer-specific engineering tool.
Examples:

- Lenze Controller with »PLC Designer«
- Beckhoff PLC with TwinCAT
¢ The device description file required for project engineering of the inverter is installed.
- The "PLC Designer" receives these files via the Lenze EASY Package Manager.
- Third party engineering tools require an ESI device description file.
Download XML/ESI files for Lenze devices
- We always recommend the use of the current device description.

Parameterization required
The EtherCAT device must be configured as slave.

6 By default, the slave functionality is activated. =0

How to activate the slave functionality:
1. Setting: =0
2. Save parameter settings.

» Saving the parameter settings 35
3. Restartinverter.

Device command: 0x2022:035=1
The inverter is now configured as a slave.
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Commissioning steps

How to configure the network:

1. Configure gateway function of the master

1.

o N oW

Start »PLC Designer«.

2. Open or recreate a »PLC Designer« project.
3.
4. Click "Add gateway".

Open the "Communication settings" tab of the master.

Do the following in the appearing dialog box:

a) Enter the IP address of the master.

b) Confirm the entry with "OK".

Click "Search network".

Select the corresponding master for the previously entered IP address.

Click "Set active path".

Log into the master using the "Online = Log in" menu command or with <Alt>+<F8>,

Now you can access the slaves from the Engineering PC via the EtherCAT master as
gateway.

2. Carry out network scan.

1.

Execute the "Start Search" command in the context menu of the master.

The appearing dialog box lists all available EtherCAT devices according to the physical
order in the network.

Click "Copy all devices into the project".

The physical network structure is reproduced in the »PLC Designer« project.

6 A proper operation requires that the network topology generated in the project

corresponds to the physical order of the EtherCAT devices in the network.
Otherwise, an error message displays which slave (product code) is to be expected
at which position.

3. Adapt EtherCAT device to the application

1.
2.
3.

Adapt parameter values of the inverter.
Set the PDO-Mapping.
The selected parameters must be set as shown above.

4. Load the network configuration into the master

1.
2.
3.

Log off: Menu command "Online - Log off" or <Ctrl>+<F8>.
Compiling: Menu command "Build = Build" or <F11>.

Log in: Menu command "Online = Log in" or <Alt>+<F8>.
The configuration, the parameter settings and the PLC program are loaded into the
master. Afterwards, all EtherCAT slaves are initialized.

the »PLC Designer« project. An already existing configuration and an existing PLC

0 These steps must be carried out after every change within
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Synchronisation with "distributed clocks" (DC)

12.2.2  Basic setting and options

12.2.2.1  Synchronisation with "distributed clocks" (DC)

The Distributed Clocks (DC) functionality enables an exact time leveling for applications, in
which several axes execute simultaneous, coordinated movements. The data is accepted
synchronously with the PLC program. For DC synchronization, all slaves are synchronized with
a reference clock, the so-called "DC master".

Parameter
Address Name / setting range / [default setting] Information
0x2580:001 Distributed Clocks: Real time status Since its switch-on, the inverter has not yet received any real time
* Read only information from outside.
The inverter still works with a time based on the time of the last switch-
off or the time stamp of the firmware.
0| Not adjusted Since its switch-on, the inverter has not yet received any real time
1| Adjusted once information from outside.
2| Adjusted cyclically
0x2580:002 Distributed Clocks: First setting time Display of the time when the inverter has received a real time
+ Read only: x ns information from outside for the for first time after its switch-on.
In the "No real time information received yet", the value "0" is displayed.
0x2580:003 Distributed Clocks: Newest setting time Display of the time when the inverter has most recently received a real
* Readonly: xns time information from outside.
0x2580:004 Distributed Clocks: Current time Display of the time information currently used by the inverter (device
* Read only: x ns time).

12.2.3 Process data transfer

e Process data is cyclically transferred between the EtherCAT master and the slaves
(permanent exchange of current input and output data).

¢ The transfer of process data is time-critical.
¢ Supported cycle times:

- 0.250ms

- 0.500 ms

- 1,000 ms ... integer multiples of 1,000 ms ... max. 10,000 ms
¢ The process data serve to control the EtherCAT slaves.

¢ The process data can be directly accessed by the master. The data in the PLC, for instance,
are directly stored in the 1/0O area.

* The contents of the process data are defined via I/O data mapping. This defines which
EtherCAT objects are to be transmitted cyclically. The mapping of the process data
depends on the technology application used.

¢ Process data is not saved in the device.
¢ Process data is, e.g. setpoints, actual values, control and status words.
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12.24 Parameter data transfer

¢ For configuring and diagnosing the EtherCAT devices, the parameters are accessed by
means of acyclic communication.

e Parameter data are transferred as SDOs (Service Data Objects).

¢ The SDO services enable the writing and reading access to parameters and EtherCAT
objects.

¢ The transfer of parameter data is usually not time-critical.

¢ Parameter data is, for instance, operating parameters, motor data and diagnostic
information.

SDO return values
If an SDO request is evaluated negatively, a corresponding error code is output:

Index Description
0x00000000 No fault.
0x05030000 The state of the toggle bit has not changed.
0x05040000 SDO protocol time-out.
0x05040001 Invalid or unknown specification symbol for the client/server command.
0x05040005 The space in the main memory is not sufficient.
0x06010000 Unsupported access to an object.
0x06010001 Read access to a write-only object.
0x06010002 Write access to a read-only object.
0x06020000 An object is not available in the object directory.
0x06040041 An object cannot be mapped into the PDO.
0x06040042 The number and/or length of the mapped objects would exceed the PDO length.
0x06040043 General parameter incompatibility.
0x06040047 General internal incompatibility in the device.
0x06060000 The access has failed due to errors in the hardware.
0x06070010 The data type or the parameter length do not match.
0x06070012 Wrong data type: The parameter length is too big.
0x06070013 Wrong data type: The parameter length is too small.
0x06090011 A subindex is not available.
0x06090030 The value range for parameters is too big (only in case of write access).
0x06090031 The parameter value is too high.
0x06090032 The parameter value is too low.
0x06090036 The maximum value is smaller than the minimum value.
0x08000000 General fault.
0x08000020 Data cannot be transferred to the application or saved in the application.
0x08000021 Due to local control, the data cannot be transferred to the application or saved in the application.
0x08000022 Due to the current device state, the data cannot be transferred to the application or saved in the application.
0x08000023 The dynamic object directory generation has failed or no object directory is available.
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12.2.5 Monitoring

Three different EtherCAT monitoring systems are available.
¢ Monitoring for cable interruption
¢ For distributed clocks (DC):

- SyncO monitoring

- PDO telegram failure detection

Monitoring for cable interruption
This monitoring generally checks whether the EtherCAT cable is interrupted. Monitoring is not
configurable and works with and without distributed clocks".
Behavior in the event of a cable interruption:
¢ The inverter changes to the "Safe-Operational" state.
* The inverter triggers a parameterizable error response.
- Error response: » Ox605E
- Error code: » 0x30018181

Sync0 monitoring for DC

This monitoring checks whether the SyncO signals are generated correctly in time in the
inverter when the inverter is in the "Operational" state.

The following is monitored:

e After "Pre-Operational" has changed to "Safe-Operational”, the generation of Sync0 pulses
has to be started within 5 seconds.

¢ The change from "Safe-Operational" to "Operational" without SyncO signals being
generated.

e No more SyncO signals are detected for the duration of the double SyncO cycle time.
Error behavior:
¢ The inverter changes to the "Safe-Operational" state.
¢ The inverter triggers a parameterizable error response.
- Error response: » 0x605E
- Error code: » 0x30018700
- AL status code: 0x32

PDO telegram failure detection for DC
This monitoring checks whether an EtherCAT PDO telegram has arrived between two SyncO
signals (Sync Manager 2 Event).
For this purpose, the inverter has an internal error counter for PDO telegram failures:
¢ Each failed PDO telegram increases the counter by the value "3".
e Each correctly received PDO telegram decreases the counter by the value "1".
* Monitoring is configurable. » 0x10F1:002
Error behavior:
¢ The inverter changes to the "Safe-Operational" state.
e The inverter triggers a parameterizable error response.
- Error response: » Ox605E
- Error code: » 0x30018701

Recommendation: Set Ox10F1:002 > 4.

Thus one failed PDO telegram is tolerated, two PDO telegram failures in a row are
forbidden.
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Parameter

Address Name / setting range / [default setting] Information

0x10F1:001 Error settings: Local error reaction An error response takes place exclusively via the inverter.
2 ‘ Device specific state

0x10F1:002 Error settings: Sync error counter limit Setting for PDO frame failure detection.

0...[20]...100 When the internal telegram failure error counter reaches the value set
here, the inverter changes to the "Safe-Operational" state and causes an
error (CiA402 error code 0x8700).

12.2.6 Diagnostics

12.2.6.1  Status LEDs
The meaning of the "RUN" and "ERR" LEDs can be obtained from the following two tables.

LED "RUN" (green)

Blinking pattern EtherCAT status Status/meaning
off off / Init The network option is not active at the network or is in the "Init" status.
H H =E = Pre-Operational Access to parameters and objects is possible. No process data exchange.
blinking
1 1 1 1 Safe-Operational The data is not active yet in the standard device.
I | 'Operational" Valid process data is exchanged cyclically.
on

"ERR" LED (red)

Blinking pattern Status/meaning

off No fault
| | | | Local error. The network option changes automatically to the "Safe-Operational" status.
flickers
m m i u A "Sync Manager Watchdog Timeout" has occurred.
on (red)
H E E =m The configuration is invalid/incorrect.
blinking

"L/A" LED (green)

Blinking pattern State Meaning
off Not connected Network not available
I | Connected Network available
on No data transfer
BORRNRRNNRRNNNND |Traffic Data transfer
blinking

12.2.6.2 Information on the network

Parameter

Address Name / setting range / [default setting] Information
0x2378 onboard EtherCAT - status Display of the active network status.
¢ Read only

[y

Initialisation

N

Pre-Operational

w

Bootstrap

4 | Safe-Operational

0o

Operational

0x2379 onboard EtherCAT - Error Display of the active network error.
¢ Read only
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Device identification

Address Name / setting range / [default setting] Information
0x2372:009 onboard EtherCAT - Information: Active interface Display of the active EtherCAT master/slave functionality for the system
mode bus interface.
¢ Read only
0 |Slave Slave functionality is active.
1| Master Master functionality is active.
12.2.6.3 Device identification
Parameter
Address Name / setting range / [default setting] Information
0x1000 Device type CANopen device profile according CANopen specification CiA 301/
¢ Read only CiA 402.
0x1008 Manufacturer device name Display of the manufacturer device name.
¢ Read only
0x1009 Manufacturer hardware version Display of the manufacturer hardware version.
e Read only
0x100A Manufacturer software version Display of the manufacturer software version.
¢ Read only
0x1018:001 Identity object: Vendor ID Display of the manufacturer's identification number.
¢ Read only
0x1018:002 Identity object: Product Code Display of the product code of the inverter.
¢ Read only
0x1018:003 Identity object: Revision number Display of the main and subversion of the firmware.
e Read only
0x1018:004 Identity object: Serial number Display of the serial number of the inverter.
¢ Read only
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12.2.7 EoE communication

With the protocol "Ethernet over EtherCAT (EoE)" normal standard Ethernet telegrams can be
sent via the EtherCAT network without affecting the real-time communication of the EtherCAT
process data.

The protocol enables the establishment of a parameter communication (SDO communication)
to devices on the EtherCAT bus via a standard Ethernet connection.

Preconditions:

EoE communication
¢ A MAC address must be transmitted in the EoE initialization telegram.
¢ |P address assignment
- With static IP address assignment, an IP different from 0.0.0.0, subnet mask and
gateway IP must also be transmitted.
- With dynamic IP address assignment, the transmission of the IP address, subnet mask
and gateway IP can be omitted in the EoE initialization telegram.

System architecture

¢ The IP address assignment in the network can be done statically by the EtherCAT master
via configuration or via a higher-level infrastructure that can be connected to the Ethernet
switch port terminal.

e The PC used can obtain the IP address via the Ethernet switch port terminal if this supports
a DHCP server or BOOTP mechanisms, or it must itself have a statically assigned IP in the
same subnet.

Supported protocols and services

¢ ARP

¢ DHCP-Client
« ESDCP

e |CMP (ping)
- UDP/TCP

¢ GCI-SDO communication (TCP-Port 9410)

6{3{)00

Parameter
Address Name / setting range / [default setting] Information
0x2020:001 EoE information: Virtual MAC address Display of the virtual MAC address.
¢ Read only
0x2020:002 EoE information: IP address Display of the IP address.
e Read only
0x2020:003 EoE information: Subnet mask Display of the subnet mask.
e Read only
0x2020:004 EoE information: Standard gateway Display of the standard gateway.
¢ Read only
0x2020:005 EoE information: DNS server Display of the DNS server.
¢ Read only
0x2020:006 EoE information: DNS name Display of the DNS name.
e Read only
0x2020:007 EoE information: Received packages Display of the packages received during the EoE transmission.
0..[] ... 4294967295
0x2020:008 EoE information: Transmitted packages Display of the packages sent during the EoE transmission.
0..[] ... 4294967295
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Optical device identification

13 Device functions

13.1 Optical device identification

For applications including several interconnected inverters it may be difficult to locate a device
that has been connected online. The "Optical device identification" function serves to locate
the inverter by means of blinking LEDs.

Details

In order to start the visual tracking,

e click the button in the toolbar of the »EASY Starter« ) or
e set 0x2021:001 = "Start [1]".

After the start, both LEDs "RDY" and "ERR" on the front of the inverter synchronously blink
very fast.

"RDY" LED (blue) ‘ "ERR" LED (red) Status/meaning

CCCCTEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEET RN | "Visual tracking” function is active.
i

Both LEDs are blinking in a very rapidly
synchronous mode

The blinking duration can be set in 0x2021:002 or selected in the »EASY Starter« in the
dropdown list field:

N

60 s
5 min
10 min
30 min
60 min
Parameter
Address Name / setting range / [default setting] Information
0x2021:001 Optical tracking: Start detection 1 = start optical device identification.
0|Stop * After the start, the two LEDs "RDY" and "ERR" on the front of the
1|start inverter are blinking with a blinking frequency of 20 Hz for the

blinking duration set in 0x2021:002. The setting is then automatically
reset to "0" again.

 If the function is reactivated within the blinking time set, the time is
extended correspondingly.

* A manual reset to "0" makes it possible to stop the function
prematurely.

0x2021:002 Optical tracking: Blinking duration Setting of the blinking duration for the visual tracking.
0...[5]...6000 s
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Reset parameters to default

13.2 Reset parameters to default

Parameter
Address Name / setting range / [default setting] Information
0x2022:001 Device commands: Load default settings 1 = reset all parameters in the RAM memory of the inverter to the
 Setting can only be changed if the inverter is default setting that is stored in the inverter firmware.
disabled. « All parameter changes made by the user are lost during this process!

* It may take some seconds to execute the task. When the task has
been executed successfully, the value 0 is shown.

* Loading parameters has a direct effect on the cyclic communication:
The data exchange for control is interrupted and a communication
error is generated.

Off / ready Only status feedback
On / start Execute device command
In progress Only status feedback

Action cancelled

No access

il WIN|IFLIO

No access (Device disabled)
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Saving/loading the parameter settings

13.3 Saving/loading the parameter settings
If parameter settings of the inverter are changed, these changes at first are only made in the

RAM memory of the inverter. In order to save the parameter settings with mains failure
protection, the inverter is provided with the corresponding device command in the parameter.
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Enabling the device

134 Enabling the device

Parameter

Address Name / setting range / [default setting] Information

0x2822:001 Axis commands: Enable inverter Parameters for interaction with engineering tools.
0| Inverter inhibited
1| Inverter enabled
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Restart device

Device functions

If the inverter communicates with the master as network node via EtherCAT:

6 executing the device command may cause an interruption of the EtherCAT
communication with the master and a standstill of the drive.

Restart device

Parameter
Address Name / setting range / [default setting] Information
0x2022:035 Device commands: Restart Device

Parameter for interaction with engineering tools.

0| Off / ready

Only status feedback

On / start

Execute device command

In progress

No access

1
2
3| Action cancelled
4
5

No access (Device disabled)

Only status feedback
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13.6 Restarting Safety

Parameter
Address Name / setting range / [default setting] Information
0x2022:041 Device commands: Restart extended safety

0| Off / ready Only status feedback

On / start Execute device command

In progress Only status feedback

No access

1
2
3| Action cancelled
4
5

No access (Device disabled)
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13.7 Export logbook

The export of the complete logbook can be started with the 0x2022:036 parameter.

Parameter
Address Name / setting range / [default setting] Information
0x2022:036 Device commands: Export Logbook Exports the logbook for the upload into the engineering tools.

0| Off / ready Only status feedback

On / start Execute device command

1

2| In progress Only status feedback
3| Action cancelled
4
5

No access

No access (Device disabled)
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13.8 Delete logbook files

The logbook files can be deleted with the 0x2022:015 parameter.

Parameter
Address Name / setting range / [default setting] Information
0x2022:037 Device commands: Delete Logfiles Deletion of log files on the device that were exported in an earlier step
via 0x2022:036 (Export Logbook).
Off / ready Only status feedback
On / start Execute device command
In progress Only status feedback

No access

0
1
2
3| Action cancelled
4
5

No access (Device disabled)
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Activate loaded application

13.9  Activate loaded application

The loaded application can be activated with the parameter.
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13.10 Inverter control word

60!)135

Parameter
Address Name / setting range / [default setting] Information
0x2830 Inverter control word The control word serves to influence the control functions.
0x0000 ... [0x0000] ... OXFFFF
Bit O |Flying restart completed This bit enables the control to report the acceptance of the recorded
speed to the "flying restart" function. Thus, the flying restart process is
completed.
Bit 1|Block flying restart TRUE: the flying restart process is blocked.
Bit 4|Set load value TRUE: set load value.
Bit 5 |Select new actual position TRUE: define new actual position.

» Setting/shifting of Actual position (0x6064) to Actual position start
value (0x2983) considering the set resolution (0x608F:001,
0x608F:002).

* Mode for setting the actual position: 0x2984)

Bit 6 |Activate DC-injection braking or short-circuit | DC-injection braking or short-circuit braking is activated via this bit.
braking
Bit 7 |Disable speed and position monitoring
Bit 8| Disable VFC-Eco
Bit 9|Brake status override
Bit 10 |Activate SLS
Bit 11 |Stop mains failure control
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13.11 Access protection

13.11.1 Write access protection

Optionally a write access protection can be installed for the inverter parameters.

o
o

Write access protection via network is not restricted. Irrespective of the write
access protection that is currently set, a higher-level controller, OPC-UA server, or
any other communication partner connected to the inverter is always provided with
full read/write access to all parameters of the inverter.

After activating the write access protection, you have to enter a valid PIN to remove
the write access protection. Note down the defined PIN(s) and keep this
information in a safe place! If you lose the PIN(s), the inverter can only be disabled
by resetting it to the delivery status. This means, all parameter settings made by the
user get lost! » Reset parameters to default 1242

Details

Usually the write access protection function is implemented by the engineer/OEM , for

example to protect the inverter against incorrect parameterization by non-authorised persons.

For diagnostic purposes, a read access to all parameters is always possible.

The write access protection allows for the following configurations:

¢ Full write access

* Write access only to favorites or (when knowing PIN1) to all parameters

¢ No write access or (when knowing PIN2) full write access

« No write access or (when knowing PIN1) write access only to favorites or (when knowing
PIN2) to all parameters

The following table compares the four possible configurations:

PIN1 setting PIN2 setting Log-in Status display after | Active write access protection (via keypad/»EASY Starter«)
log-in
0x203D 0x203E 0x203F 0x2040
0 0 - 0 No access protection configured.
Access =P
| Diagnostics (read access) | Favorites All parameters |
>0 0 0 or wrong PIN 2 Write access only possible to favorites.
Correct PIN1 0 Write access to all parameters possible.
Access = PIN1
| Diagnostics (read access) | Favorites : All parameters |
0 >0 0 or wrong PIN 1 No write access.
Correct PIN2 0 Write access to all parameters possible.
Access = PIN2
Diagnostics (read access) : Favorites All parameters
>0 >0 0 or wrong PIN 1 No write access.
Correct PIN1 2 Write access only possible to favorites.
Correct PIN2 0 Write access to all parameters possible.
Access = PIN1 PIN2
Diagnostics (read access) : Favorites : All parameters
If PIN1 and PIN2 are set identically, a write access to all parameters is possible after the PIN has been
entered correctly.
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Parameter
Address Name / setting range / [default setting] Information
0x203D PIN1 access protection PIN definition for write access protection.
-1...[0]...9999 + 1..9999 = set/change PIN.
0x203E PIN2 access protection ¢ 0=delete PIN (deactivate access protection).
-1...10] ... 9999 ¢ When the PIN has been set successfully, the value -1 is shown;
otherwise 0.

» Setting/changing the PIN via keypad/»EASY Starter« only possible if
no write access protection is active.

« Settings/changes via »EASY Starter« become effective immediately;
via keypad they only become effective when the parameter group has
been exited.

0x203F PIN1/PIN2 log-in Parameter for PIN entry for the purpose of deactivating an active access

-32768 ... [0] ... 32767

protection temporarily.

e 1..9999 = log-in (deactivate access protection temporarily).

* 0=logout (reactivate access protection).

« After having logged in successfully, the value -1 is shown; otherwise 0.

» After 10 invalid entries, the log-in function is inhibited. In order to
remove the log-in inhibit, the inverter must be switched off and on
again.
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Write access protection

Write access protection in the »EASY Starter«

13.11.1.1 Write access protection in the »EASY Starter«

If a write access protection is active for the online connected inverter, it is displayed in the
status bar of the »EASY Starter«:

Display Representation of the parameters in the »EASY Starter«
&) No write access All parameters in all dialogs are displayed as read-only parameters.
&) Only favorites Except for the favorites, all parameters in all dialogs are displayed as read-only parameters.

An active write access protection can be removed when the PIN is known.

How to remove an active write access protection temporarily:
1. Click the symbol &) in the toolbar.
The "Log in / Log off" dialog box is displayed:

Login / Logout @

Actual access protection status:
Favaorites only

Please enter a valid PIN to login and unlock the device
{enter "0" to logout)

Cancel

2. Enter the valid PIN and confirm with OK.

After 10 invalid entries, the log-in function is inhibited. In order to remove the log-
in inhibit, the inverter must be switched off and on again.

The write access protection gets active again:
e Automatically 10 minutes after the last login or after the last active write access. It takes
max. 10 minutes to be automatically logged out again after each write access.

* Automatically after the mains voltage is switched on again.
* Manually by entering a "0" in the dialog box "Log in / Log off" (see above).

253



Device functions g
Access protection

Write access protection

Write access protection in the »EASY Starter«

Configuring the write access protection with »EASY Starter«

The write access protection is activated by specifying PIN1 and/or PIN2 (depending on the
desired configuration of the write access protection).

How to activate the write access protection:
1. Goto the "Settings" tab and navigate to the "Access protection" parameterisation dialog:

The write access to the parameter set in the inverter can be fully or partially protected.
If a configuration with write access protection is selected. the inverter starts with protection immediately. It can be temporarily canceled by using the
login button from toolbar and enter a valid PIM.

<

10 min after login, logout or after a restart of the inverter the maximum corfigured access protection is activated again.

There are 4 different configurations available: (Can only be changed online)

Full write: access

] . Power ON Favorites only
Favorites only or full wite access Login with PIN1 D) e meres
. Power ON No write access
Mo or full write access Login with PIN2 -» Full write access
Power ON No write access

Mo, favaorites only or full write access Login with PIN1 * Favorites only
Login with PIN2 Full write access

2. Select the desired configuration of the write access protection.
The "PIN definition" dialog box is displayed. The possible entries depend on the selected
configuration.

PIN Definition (=3

Define PINT (1..9998) for future login to have full write access.

PIN1 |

Repeat PIN1

3. Enter the desired PIN(s) and confirm with OK.
After successful execution, the write access protection is immediately effective and is
displayed in the »EASY Starter« status bar.

4. For a permanent acceptance of the configuration: ¢ Save parameter settings in the
device.

How to change already defined PIN(s):

1. & Remove the active write access protection temporarily (see above).

2. Select the "Full write access" configuration in the "Access protection" parameterisation
dialog.

3. Select again the desired configuration of the write access protection.

4. Enter new PIN(s) and confirm with OK.

5. (4 Save parameter settings in the device.

How to remove a configured write access protection permanently:

1. & Remove the active write access protection temporarily (see above).

2. Select the "Full write access" configuration in the "Access protection" parameterisation
dialog.

3. 4 Save parameter settings in the device.
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Write access protection in the »EASY Starter«

Impact of the write access protection on »EASY Starter« functions

The following »EASY Starter« functions are not supported when write access protection is
active:

e Parameter set download

¢ Definition of the "Favorites" parameters.

¢ Definition of the parameters for the "Parameter change-over" function
The following »EASY Starter« functions are supported irrespective of whether write access
protection is active:

¢ Optical device identification 0x2021:001

e Enable/inhibit inverter 0x2822:001

e Resetting parameters to default 0x2022:001

e Save parameter set

e Load user parameter

¢ Load OEM parameter

e Errorreset

13.11.2 Brand protection

Parameter
Address Name / setting range / [default setting] Information
0x2100:001 Brand protection: PIN set ¢ 0:no brand protection.
-1...0] ... 9999999 * 1...9999999: possible pins.
e -1: brand protection is active.
0x2100:002 Brand protection: PIN input e 0: not checked.
-2...[0] ... 9999999 « 1...9999999: possible pins.
» -1: check was successful.
e -2: check was not successful.
0x2100:003 Brand protection: Encryption Encryption for brand protection.
0..[0]...9
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13.12 Switching frequency changeover

The output voltage of the inverter is a DC voltage with sine-coded pulse width modulation
(PWM). This corresponds by approximation to a AC voltage with variable frequency. The
frequency of the PWM pulses is adjustable and is called "switching frequency".

Details

The switching frequency has an impact on the smooth running performance and the noise
generation in the motor connected as well as on the power loss in the inverter. The lower the
switching frequency, the better the concentricity factor, the smaller the power loss and the
higher the noise generation.

Parameter

Address Name / setting range / [default setting] Information

0x2939 Switching frequency Selection of the inverter switching frequency.
2|8 kHz variable / drive-optimised Abbreviations used:
3|16 kHz variable / drive-optimised * "Variable": Adaptation of the switching frequency as afunction of the
6|4 kHz fixed / drive-optimised current. The carrier frequency is reduced depending on the heat sink
78 kHz fixed / drive-optimised temperature and the ixt load.
8|16 kHz fixed / drive-optimised * "Fixed": The carrier frequency is fixed, no frequency reduction.

» "Drive-optimised": reduces the capacitive currents from the motor to
the earth.

* "Min. Pv": reduces the capacitive currents from the motor to the
earth and optimizes power dissipation.
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13.13 Device overload monitoring (ixt)

The inverter calculates the ixt utilization in order to protect itself against thermal overload. In
simple terms: a higher current or an overcurrent that continues for a longer time causes a
higher ixt utilization.

A DANGER!

Uncontrolled motor movements by pulse inhibit.

When the device overload monitoring function is activated, pulse inhibit is set and the motor
has no torque. A load that is connected to motors without a holding brake may therefore
cause uncontrolled movements! Without a load, the motor will coast.

Possible consequences: Death or severe injuries
» Only operate the inverter under permissible load conditions.

Details

The device overload monitoring function primarily offers protection to the power section.
Indirectly, also other components such as filter chokes, circuit-board conductors, and
terminals are protected against overheating. Short-time overload currents followed by
recovery periods of smaller current utilisation are permissible. The monitoring function during
operation checks whether these conditions are met, taking into consideration that higher
switching frequencies and lower stator frequencies as well as higher DC currents cause a
greater device utilization.

« If the total utilization exceeds the total warning threshold set in (default setting: 95 %), the
inverter outputs a warning.

¢ If the device utilization exceeds the permanent error threshold 100 %, the inverter is
disabled immediately and generates an error message.

e The device overload can be obtained from the planning manual.

The total utilization is determined via various timers that become active at different
high currents. As a result, it can happen that individual timers still display 0%
utilization, although the total utilization is already significantly higher.

Parameter

Address Name / setting range / [default setting] Information

0x2D40:001 Device utilisation ixt: Power unit actual utilisation Display of the power module utilisation.
* Read only: x %

0x2D40:002 Device utilisation ixt: Power unit warning threshold If the device utilisation exceeds the threshold set, the inverter outputs a
0..[95]...101% warning.

0x2D40:003 Device utilisation ixt: Power unit error threshold If the power module utilisation exceeds the displayed threshold, the
+ Read only: x % inverter outputs a warning.

0x2D40:004 Device utilisation ixt: Device actual utilisation Display of the current device utilisation.
e Readonly: x %

0x2D40:005 Device utilisation ixt: Device warning threshold
0...[95]...101%

0x2D40:006 Device utilisation ixt: Device error threshold If the device utilisation exceeds the displayed threshold, the device
e Readonly: x % outputs an error.
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13.14 Heatsink temperature monitoring

In order to avoid an impermissible heating of the servo inverter, the temperature of the
heatsink is detected and monitored.

with a tolerance of -2 ... +4 °C. Beyond this temperature range, the measuring

0 The temperature of the heatsink is measured in the temperature range of 0 ... 80 °C
accuracy decreases faster.

Parameter
Address Name / setting range / [default setting] Information
0x2D84:001 Heatsink temperature: Heatsink temperature Display of the current heatsink temperature.
e Read only: x.x °C
0x2D84:002 Heatsink temperature: Warning threshold Warning threshold for temperature monitoring.

50.0...[90.0] ... 100.0 °C « If the heatsink temperature exceeds the threshold set here, the
inverter outputs a warning.

* The warning is reset with a hysteresis of approx. 5 °C.

« If