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General information
Copyright
© Getriebebau NORD GmbH & Co. KG, all rights reserved

Copying, editing or communication of the content of this documents either as a whole or in part is
prohibited without the explicit permission of Getriebebau NORD GmbH & Co. KG.

Right of modification

NORD GmbH & Co. KG reserves the right to amend the contents of the application descriptions at any
time without prior notice.

Completeness and correctness

This application description is not binding and does not claim to be complete with regard to the
structure and parameterisation of components.

Every care has been taken to ensure that the contents of this application description are correct.
However, in case of deviations between the application description and other documentation (e.g.
Manuals) the content of the other documentation has priority.

NOTICE Application

This application example is only valid in combination with the operating instructions of the respective
frequency inverters and technology options. This is an essential prerequisite for the availability of all
the relevant information required for the safe commissioning of the frequency inverter.

Exclusion of liability

This application document is an aid for the installation and parameterisation of an application with
NORD products. The description is based on an example for a specific application and can be used as
orientation for comparable applications.

As this is an example, Getriebebau NORD GmbH & Co. KG does not accept any liability for injury or
material damages and does not grant any warranty, either explicitly or implicitly with regard to the
information contained in this application description.
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Information about this guide

This application guide is primarily intended for planners as well as commissioning and service
personnel, who are familiar with the use and function of electronic drive technology (motors and
frequency inverters) from Getriebebau NORD. The guide is a recommendation for the step-by-step
commissioning and parameterisation of the individual controller and function settings as well as the
procedure for optimisation of the drive unit or controller.

The information and recommendations relate to currently available drive units and control components
or controller settings, preferably standard products from Getriebebau NORD. The guide refers to
current drive technology software and hardware versions, which were valid at the time of publication of
this guide. Optimisation procedures must be carried out in observance of the current manuals and
drive technology data sheets. The versions of the manuals and technical data sheets may differ.

Information and explanations for the use of this application guide are given below.

Structure symbols

Individual section areas and application steps are provided with the following structure symbols in
order to provide "familiar" users with graphical or quicker orientation:

Identification Meaning

The Step (1, 2, etc.) serves to provide "familiar" users with a quicker
overview for the use of the guide.

In places, the steps can also be used as cross-references, or as hyperlinks,
see 1.3 "Overview (schematic procedure)".

Step 1

The Information indicates that the following is only stated as information
Information for the corresponding area of the section and provides the user with
detailed or helpful additional information.

The Instructions indicate that in the following, the user is required to take

Instructions . . . L
action, e.g. for parameterisation, testing or optimisation.

_ Information & Instructions indicate that in the following, helpful additional
information as well as the requirement for action by the user is described.

Fig. 1: List of structure symbols

Cross-references and hyperlinks

For quicker and easier use of the guide, cross-references are prefixed with a symbol Ed. With a
mouse click on the cross-reference - see [ 9.1 "Manuals" the user can directly access the
appropriate section, information or the relevant document.

In addition, hyperlinks (e.g.M7000 Electric Motors) are used, with which the user can directly access
the relevant manual, data sheet, contact partner, etc. on the Getriebebau NORD homepage..
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User symbols

By means of certain hand symbols, etc. the user is presented with important indications of additional
information, curves and the objective of the optimisation of the controller.

‘ Observance and indication of important additional information
‘? Definition and objective of the optimisation to be made

él Partial success for an optimised curve for optimisation of controllers
/ Objective of an optimum curve for the optimisation of the controller

Fig. 2: List of user symbols

Symbols
(8] Indication of further information
Q Automatic parameter change
- Change to
Y manual parameterisation
& Check the display
* Footnotes / deviations, e.g. device types
[V] Unit of the parameter value
[-01] Array No.
{1} Function No. / Value

{1 =0ff} Description of function, the function number corresponds to the name of the function

Fig. 3: List of symbols

Parameters

The indication of individual parameters has been selected so that parameters which are shown in
"bold" type, e.g. Motor list P200 indicate their relevance within a section. If the parameter is not
written in "bold" type, e.g. Weak field limit P320, this is only subordinate information, or is not
explained further.
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Due to certain configurations, the parameters are subject to certain conditions. The relevant / used
explanation symbols are listed below:

Parameter No. Unit Factory Setting

-Array] Sl setting

[ related to parameter set (P1, ..., P4)

MOTOR DATA/ CHARACTERISTIC CURVE PARAMETERS NORD motor/\ Third party motor
o~ 7 8)—

P240®(P)@ EMF voltage PMSM [V](4) O 00— 3410 # 0 - 296

P241 [—01]@ Inductance PMSM (d axis) [mH] @ 20 () 20 — 22.6 @*1‘? 20 -+ 24.3

P241  [-02] Inductance PMSM (q axis) [mH] 20 0 20 — 45.9 ¥ 20— 24.3

Parameter number

Parameters (P) depend on parameter sets, see Parameter P100, Supervisor parameters (S)
depend on the setting, see Parameter PO03

Array value and description of the array parameter
Parameter text: Name / meaning of NORD CON display text
Parameter unit

Default value (factory setting) of parameter

Parameter setting for NORD motors

Parameter setting for third party motors

©@EOEO®O®®E

Usage symbols, see Symbols

Fig. 4: List of parameter indications

Names of parameters and functions

In the following, for example, a parameter is described with its name, number and with the
corresponding selected function (number and name):

® @ ® O,

Motor list P200 with selection of the function {109 = 3.0 kW 400 V 100T2/4}

@ Parameter name

@ Parameter number

@ Function number

@ Description of function / Name of function or NORD CON display text

Fig. 5: Overview of names of parameters and functions
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Drive Optimisation — Guideline for PMSM - CFC Closed-Loop DRIVESYSTEMS

1 Introduction

This guide explains the step-by-step procedure for optimisation of the individual control functions, as
well as the parameterisation which is to be carried out in the particular frequency inverters.

Only CFC closed-loop mode is considered, which has the following advantages compared with
operation in VFC open-loop mode:

. High torques — Rigidity

. Full torque at speed "zero"

. High speed precision

. Short control times possible

CFC closed-loop mode, also known as servo mode, is an operating mode with speed feedback.

Several different control functions are implemented in decentralised SK 2xxE frequency inverters as
well as in type SK 5xxE control cabinet versions.

This provides the possibility of individually optimising the functional and application-specific
requirements of the application which is to be implemented by means of the 4 available controllers.

Torque current control Flux and field current
Pl controller Pl controller
Parameters: P312, P313, P314 Parameters: P315, P316, P317

Fig. 6: Current controller

Speed controller

Pl controller

v

Parameters: P310, P311, P112

Fig. 7: Speed controller
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Position control

P controller

A 4

Parameter: P611

Fig. 8: Position control

This guide for the optimisation of drive units uses the example of a decentralised SK 200E-401-340-A
frequency inverter in combination with a 3.0 kW NORD IE4 synchronous motor (IPMSM, i.e. Interior
Permanent Magnet Synchronous Motor) with NORD CON oscilloscope recordings.

A guide is available to assist in planning and commissioning, which was specially produced for IE4
synchronous motors from Getriebebau NORD. Further details are described in the Technical
Information TI1 80_0010, see L 9.3 "Tls - Guidelines"

The correct connection of the components to the control and power terminals, as well as further
information about the functions used can be obtained from the relevant manuals, see 1 9.1
"Manuals".

If the different names (e.g. connection terminals, parameter structure) are taken into account, this

guide can also be used analogously for other performance levels of the decentralised SK 2xxE and
2 SK 520E control cabinet frequency inverter types.

AG 0101 EN-3216 15
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1.1 Introduction to controller optimisation

A controller uses the principle of continuous:

Measuring

Measuring — -

Provide - 3
Control circuit

Provide — Comparison

Fig. 9: Control loop

The value to be controlled is measured with sensors (e.g. incremental encoders). The value to be
controlled is compared with the setpoint. The difference is the deviation. From the deviation, the
value for the adjustment is determined with consideration of the dynamic characteristics of the control
route.

A control loop is used to bring a specified physical value, the so-called control value, to a required
value (setpoint) and to maintain this value, regardless of any disturbances which may occur. To carry
out the control task, the momentary value of the control value - the actual value - is measured and
continuously compared with the setpoint. In case of deviation, adjustment must be made in a suitable
manner and a response made as soon as possible. Control technology is used to technically perform
this task. This is essentially based on the mathematical description and modelling of the control loop
system. Stated simply, the main components of the control loop are the controller and the control
route.

From the deviation, the controller determines the corrective measures required in consideration of the
dynamic characteristics of the control route and makes the adjustment accordingly. The control route
is the part of the control loop which is controlled by the controller.

(Source: see www.rn-wissen.de)

(il Information Optimisation information

For optimal optimisation of the individual controllers, the following operating conditions should be taken into
account in the optimisation procedure.

. Current control in static operation without load
. Speed and position control in dynamic operation under load

Application-specific conditions must also be taken into account for the optimisation.
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1.2 Field-orientated control
To begin with, some information about the motor model or field oriented control, also known as
current vector control, in the frequency inverter.

With a field-oriented PMSM- model (Permanent Magnet Synchronous Motor) the 3-phase currents
and voltages are stated as space vectors, which consist of the components "d" and "q".

The following diagram shows the orientation of the d component of the rotating coordinate system for
the field of the PMSM rotor in the space vector or the vector diagram.

~ rotor
stator
Fig. 10: Current vector diagram
Is: Line motor current (= Nominal current) [A]
lsd: Weak field current (set by control to 0 = No-load current) [A]
lsq: Torque-forming current (torque current (= rotor current) [A]

The current components lsq (field weakening current / = Actual field current P721) and lsq (torque-
forming current, = Act. Torque current P720) are normal to each other. Is is the total line current
(= Actual current P719).

The following simplified relationships result in association with this:

I, = /(Isd2 + Isqz)

CFC Closed-Loop mode: In the basic speed range, up to the rated frequency Is4 = lo = no load current.

Is: Line motor current (P203 /= P719) [A]
Isa: Field weakening current (P209 /= P721) to be set to "0" [A]
Isq: Torque-forming current or rotor current (= P720) [A]

1.2.1 Torque calculation

The torque M is calculated with the following formula:

M~®-] sq

M: Torque [Nm]
®: Magnetic flux [Whb]
Isq: Torque-forming current or rotor current (= P720) [A]

In other words, if lsq increases, the torque M must also increase.

AG 0101 EN-3216 17



Drive Optimisation — Guideline for PMSM - CFC Closed-Loop

DRIVESYSTEMS

1.3 Overview (schematic procedure)

I Step

Description of procedure / Optimisation procedure

Documentation / Section
Further information

“Step 1"

Hardware
Selection, setup and connection

Installation and connection work

Power and control terminals

DIP switches

Motor connection (check Y /A)

Synchronous motors (PMSM, IPMSM, SPMSM)

Frequency inverter < Assignment of asynchronous

motor
Encoder resolution
Selection of encoder system (IG / AG)

Selection of encoder type: Data for incremental and

/ or absolute encoders, universal encoders

Manual BU 0200
Manual BU 0500
Manual BU 0505

Ay
2 "Hardware"

!

"Step 2"

Basic commissioning / Motor data

Parameterisation according to motor list, type plate and data

sheet

NORD CON parameterisation

Modification of operating displays

Adjustment of the maximum frequency (P105)
Selection of motor manufacturer or motor data
Motor list, motor type plate or data sheet
(contact the motor manufacturer if necessary)
Motor data / Characteristic curve parameter
(P2xx)

NORD- motor or third party motor parameter
identification (P220)

(identification Rs or identification motor)
Stator resistance (P208), check display
Voltage constant ke, Stator inductances Ld/ Lq
EMF voltage PMSM (P240)

PMSM inductance (P241) [-01] & [-02]
Reluctance angle IPMSM (P243)

Peak current PMSM (P244)

Mass inertia PMSM (P246), L Mass inertia

Optimisation of specific motor data for third party

motors

NORD CON —
Manual BU 0000

Manual BU 0200
Manual BU 0500
Manual BU 0505

3.3 "Motor data"

!

18
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DRIVESYSTEMS 1 Introduction
Incremental encoder (IG)
Parameterisation, connection and commissioning
- Incremental encoder data Manual BU 0200
- L Control parameter (P3xx) m
- Incremental encoder (P301) m
- Encoder with zero track -
- Sync. 0-pulse (P335)
- Control terminals (P420 [-01] ... [-03]) 3.5 "Incremental encoder
- Connection, see L Technical Data Sheet (IG)"
- Function test of IG rotary encoder
- Speed feedback / Servo mode (P300)
Absolute encoder (AG)
Parameterisation, connection and commissioning
- CANopen combined absolute encoder with
D incremental encoder

- Absolute encoder data Manual BU 0210
- Additional parameter (P5xx) and positioning Manual BU 0510

parameter (P6xx)
- Encoder resolutions (P605) 3.6 "Absolute encoder (AG)"
- Set CANopen parameters (P514 & P515)
- Connection, see [ Technical Data Sheet
- Function test for CANopen AG encoders
Procedure for determining the start position of the rotor

Selection and parameterisation of rotor position identification
Fehler! Verweisquelle

- PMSM control method (P330) konnte nicht gefunden
- Encoder offset PMSM (P334) werden. "Fehler!
- Sync. 0-pulse encoder (P335), [ Incremental Verweisquelle konnte nicht

encoder gefunden werden."

Current controll
Torque current controller (P312, P313, P314)

Field current controller (P315, P316, P317)
- Adjust no load current (P209)
- NORD CON Remote control

"Step 4" - NORD CON Oscilloscope trigger, scan time,

channel settings, etc.

Torque current controller P (P312)
Torque current controller | (P313)
Field current controller P (P315)
Field current controller | (P316)

4 "Current control"

i
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Speed control
Speed controller (P310, P311)
- Acceleration time (P102)
- Jog frequency (P113)
"Step 5" | - NORD CON Remote control
- NORD CON Oscilloscope trigger, scan time,

channel settings, etc.

- Speed Ctrl P (P310)
- Speed Ctrl | (P311)

Position control / Positioning
Position controller (P611)

5 "Speed control"

- Activate position controller (P600)
- Travel sensor system (P604 [01] & [02] & [03])
- Setpoint specification & setpoint mode (P610)
"Step 6" | - Positioning parameters (P607 to P609 & P612)
- Positions (P613 [01] to [63])
- NORD CON Control 6 "Position control”
- NORD CON device overview

trigger, scan time, channel settings, etc.
- Position controller P (P611)

!

Reluctance torque
Reluctance angle IPMSM (P243)
- Only for IPMSM type third party motors

Manual BU 0210
Manual BU 0510

- NORD CON Remote control Manual BU 0200
- NORD CON device overview as necessary Manual BU 0500
"Step 7" | _ NORD CON Oscilloscope trigger, scan time, Manual BU 0505

channel settings, etc.

- Operate the motor under normal operating
conditions / at the operating point under the nominal 7 "Reluctance torque”
load

- Optimise the reluctance angle IPMSM (P243)

Table 2: Flow chart for procedure

A DANGER! Danger to life

The correctness of each individual commissioning step must be checked with a function test. Suitable
precautions must be taken to prevent damage to the system or danger to persons if the system behaves
incorrectly (e.g. brake control for lifting equipment, mechanical coupling of parallel drives, etc.)
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2 Hardware

Step 1
Information

The factory settings of all frequency inverters supplied by Getriebebau NORD are pre-programmed
with the default setting for standard applications with 4 pole asynchronous motors (ASM) with the
same voltage and power.

In addition, the motor data for all IE4 synchronous motors (IPMSM) produced by NORD for the
power range from 1.1 kW to 5.5 kW are saved in the frequency inverter. For use with permanently
excited synchronous motors from other manufacturers, the data from the type plate or data sheet of
the motor must be entered.

In principle, the frequency inverters are operable in this configuration and can be further configured
according to the requirements of the application,. This includes settings such as the encoder system,
ramp times and interfaces and possibly the bus system configuration.

Configuration can be carried out to a limited extent with the integrated DIP switches (see 9.1
"Manuals").

G] Information Configuration via DIP switch

Mixing of DIP switch configuration and (software) parametrisation should be avoided. DIP switch settings for the
frequency inverter have priority over parameter settings.

2.1 System components

For this guide, a 4 kW frequency inverter / 3 kW motor combination was used for the test setup.

Number | Designation Nominal ratings
1 Frequency inverter SK200E SK 200E-401-340-A
1 SK 200E connection unit SK T14-2-200-3
1 3.0 kW or 4.0 kW, synchronous motor (IPMSM),|IE4, 4-pole SK 100 T2/4 BRE40 TF IG+AG
1 CANopen absolute encoder with incremental track / AG4 Resolution 8192/4096 pulses
1 External brake resistor, 400 Q, 100 W SK BRE4-1-400-100

Table 3: System components

With these system components, examples of the individual optimisations of the controllers are
illustrated in the following sections on the basis of NORD CON oscilloscope images.

(il Information Version status

Due to software updates, the parameters described in this guide may differ from those in the firmware version for
the frequency inverter which is used. Because of this, care should be taken that both the current NORD CON
version and the software version of the latest firmware version (see Software version parameter P707)
correspond to that of the frequency inverter.

IE4 synchronous motors produced by Getriebebau NORD have only been implemented as of NORD CON
Version V2.3.
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2.2 Synchronous motors (PMSM / IPMSM)

Synchronous motors PMSM (Permanent Magnet Synchronous Motor), like Getriebebau NORD IE4
synchronous motors IPMSM (Interior Permanent Magnet Synchronous Motor) are energy-saving
drives, which may only be operated with frequency inverters!

At present, Getriebebau NORD supplies synchronous motors with efficiency class IE4 in the power
range from 1.1 kW to 5.5 kW.

NOTICE Mains operation

Synchronous motors and IE4 motors produced by Getriebebau NORD must not be operated directly from the
mains! A safety label on the drive unit explicitly warns the user of this.

Failure to comply with this may cause damage to the synchronous motor due to impermissible currents in the
components.

The specific NORD synchronous motors are equipped with permanent magnets which are located in
the rotor package. These are inserted in recesses and are known as so-called IPMSMs. Due to their
high efficiency, they offer the advantage of energy saving, especially for applications with long
operating times (S1 operation).

None of the IE4 synchronous motors from Getriebebau NORD are servo motors.

Due to the control response times and the electrical time constants, their dynamic behaviour is
definitely comparable with motors (ASM) with efficiency class IE1 and IE2.

Motors specific to NORD (i.e. so-called NORD motors) with efficiency class IE4 do not have
any slip. They are designed for various nominal speeds or operating points:

1. 2100 rpm at 70 Hz, 400 Vin Y or 230 Vin A
2. 3000 rpm at 100 Hz, 400 V in A
(il Information Third party motors

Synchronous motors or brands from other manufacturers (i.e. so-called third party motors) can be operated by
frequency inverters manufactured by Getriebebau NORD.

However, in general all frequency inverter — synchronous motor combinations should be checked in
advance by Getriebebau NORD!

22 AG 0101 EN-3216
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2.3 Frequency inverter - motor assignment

Synchronous motors (PMSM) and IE4 synchronous motors (IPMSM) from Getriebebau NORD can be
operated with either decentralised SK 2xxE frequency inverters or the control cabinet versions
SK 5xxE with all performance levels.

As with asynchronous motors, the selected allocation of the frequency inverter to the synchronous
motor (PMSM / IPMSM) is primarily made according to the power and the current.

Frequency inverter power = Nominal motor power

Nominal frequency inverter current = Nominal motor current

NOTICE Drive unit load

The assignment of synchronous motors to the particular frequency inverters applies for operation up to the
nominal speed.

Higher speeds and overloads require special planning or consultation with Getriebebau NORD.

Failure to comply with this may cause damage to the motor or the gear unit due to impermissible loads on the
components.

(il Information Third party motors

In principle, IE4 synchronous motors from Getriebebau NORD can be operated with frequency inverters from
other manufacturers. However, the customer is responsible for the success of commissioning. Also, the
performance of the motor, or the achievement of efficiencies which correspond to the IE4 classification depends
on the frequency inverter and its function and settings.
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2.4 Encoder resolution selection

For the correct selection of the rotary encoder with regard to the maximum resolution, the maximum
limiting frequency should be taken into account using the following rule-of-thumb:

fmax X 60

NMmax

= Encoder resolution

205000 [Hz] x 60 [s]
Nmax [rpm]

> Encoder resolution "[Pulse numbermax]"

205000 [Hz] x 60 [s]
1500 [rpm]

=8200 8200 = 8192 Pulses Encoder resolution (Nmax = 1500 rpm)

205000 [Hz] x 60 [s]

= 4100 4100 = 4096 Pulses Encoder resolution (Nmax = 3000 rpm)

3000 [rpm]
fmax: maximum limiting frequency for digital inputs [Hz]
Nmax! maximum speed of motor [rom]

All standard encoders defined by Getriebebau NORD, i.e. the recommended encoder systems
and types enable "safe" operation within a very wide adjustment range (e.g. 0 to 100 Hz). l.e.
the minimum Pulse numbermin has already been taken into account with regard to encoder
resolution.

24 AG 0101 EN-3216




DRIVESYSTEMS 2 Hardware

2.5 Selection of the incremental encoder (IG)

The correct selection, parameterisation and connection of an HTL- incremental encoder (IG) to a
decentralised SK 2xxE frequency inverter as well as a TTL incremental encoder or sine wave
encoder (e.g. SIN/COS encoder) to an SK 53xE or SK 54xE control cabinet frequency inverter are
described in greater detail in previous or further sections.

1:'3' Various encoders with a cable length of 1.5 m are defined as standard
incremental encoders by Getriebebau NORD:

Fig. 11: Standard incremental encoders

NORD data Power supply Incremental encoder resolution
Part no. . .
Fl type Supplier Designation Voltage / DC Type Increments
IG 42
SK 2xxE gﬁfilgﬂ;mw 10-30 V HTL 4096 |10 ...30V HTL / Push-pull | 4096 pulses
D12 5820 1,5 m
SK 53xE IG 41
18551022 10-30 V TTL 4096 |10...30V TTL / RS422 4096 pulses

SK 54xE Fritz Kiibler GmbH D12 5820 1.5 m

Table 4: Standard incremental encoders

Taking into account the maximum limiting frequency for the selection of the encoder, the
highest possible resolution should be selected and if possible, an encoder system with a
power supply of 10 ... 30 V should be used.

Technical data for the incremental encoder, e.g. the relevant resolution, interface, etc. can be obtained
from catalogue L M7000 Electric Motors and Section Ed 9.3.1 "Tls — Incremental encoder (1G)".

Detailed information for the connection of:

« HTL incremental encoder to SK 2xxE
* TTL incremental encoder to = SK 53xE
» SIN/COS encoder to SK 54xE

can be obtained from the relevant manuals BU 0200, BU 0500 und BU 0505.

Information regarding the POSICON function is provided in the supplementary manuals BU 0210 and
BU 0510, see Section [ 9.1 "Manuals".
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(il Information Testing the encoder function

After completion of connection and basic commissioning the correct function of the incremental encoder should
always be checked. Detailed information and warnings for the testing and activation of the encoder are
provided in Section 3.5.3 "Function test of rotary encoders (IG)".

For activation of the speed feedback (CFC closed loop mode) under the tab "Control parameters” the
parameter Servo mode P300 must be set to Function {1 = On (CFC closed-loop)}.

2.6 Selection of absolute encoders

The correct selection, parameterisation and connection of a CANopen absolute encoder to a
decentralised SK 2xxE or 2 SK 53xE control cabinet frequency inverter are different. In addition, for
position control, further types of absolute encoder can be connected to SK 54xE control cabinet
frequency inverters. Other encoder systems such as SSI, BISS, Endat and Hiperface encoders can be
connected to its universal interface or terminal bar X14.

= -ﬁF; i‘ﬁ;'. Several multiturn CANopen encoders are defined as standard combined

2 T | absolute encoders by Getriebebau NORD:
A

Fig. 12: Standard CANopen encoders

NORD data Absolute epcoder Incremental .encoder
resolution resolution
Part no. Type . .
Fl type Supplier Designation Single turn Multiturn Type Increments
o 13 Bit / 12 Bit/
19551886 AG&IG CANOPEN I I
Fritz Kiibler GmbH | 8192-4096/2048 HTL | 8192 pulses | 4096 pulses HTL 2048 pulses
D12BUSH
SK 2xxE AGE
19556994 13 Bi ;
AG&IG IVO it/ 16 Bit / _
gi:ﬂie;"\ég ko | CANOPEN 8192- 8192 pulses | 65536 pulses HTL /Push-pull | 2048 pulses
: 65K/2048 HTL D=12
ot 13 Bit/ 12 Bit /
19551881 AG&IG CANOPEN I I
Fritz Kibler GmbH | 6192-4096/2048 TTL | 8192 pulses | 4096 pulses | | 1=/ o422 | 2048 pulses
SK 53xE D12BUSH
SK 54xE AG3
19556995 ; ;
Baumer IVO AGSIG VO 13Bit/ 16 Bit/ TTL/RS422 | 2048 pulses
GmbH & Co. KG | CANOPEN 8192- 8192 pulses | 65536 pulses
65K/2048 TTL D=12

Table 5: Standard absolute encoders

Taking into account the maximum limiting frequency for the selection of the encoder, the
highest possible resolution should be selected and if possible, an encoder system with a
power supply of 10 ... 30 V should be used.
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Technical data for the incremental encoder, e.g. the relevant type, interface, etc. can be obtained from
catalogue ELJ M7000 Electric Motors and Section [ 9.3.2 "Tls - CANopen absolute encoder (AG)".

Detailed information for the connection and parameterisation of standard combination absolute
encoders with a CANopen interface can be obtained from the supplementary manuals BU 0210 und
BU 0510, see Section 9.1 "Manuals".

NOTICE Installation of rotary encoders

It is essential that the combination absolute encoder (single and multiturn with integral incremental track) is
mounted on the end of the motor shaft.

Other types of absolute encoder (e.g. Type AG1 / Part no. 19551881 / Kibler Type 8.5888.0421.2102.
S010.K014) must not necessarily be mounted on the end of the motor shaft.

In this case, the speed ratio in the frequency inverter must be parameterised with the aid of the Ratio P607 and
the Reduction Ratio P608. Otherwise, inaccuracy of the speed (incremental track) and / or the position control
may result.

For an absolute encoder, the encoder system must be parameterised in the Parameter Travel
measurement system P604, and the corresponding resolutions / pulse numbers and the encoder
type (Single or Multiturn) must be parameterised in the parameter Absolute encoder P605.

For detailed information, please refer to the relevant manual for the frequency inverter, see 9.1
"Manuals" or Section [J 3.6.1 "Parameterisation of CANopen encoders (absolute encoders)".

(il Information Activating the position control

For positioning / position control (CFC Closed Loop mode) the position control must be activated with the
parameter Position control P600 or the required function (selection of ramp type) must be parameterised in the
tab "Positioning parameters". For further details of activation of the position control, see 6.4.2 "Activating
the position control".
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3 Basic Commissioning

Step 2
Information

If the frequency inverter is not in the state as delivered, a reset of all parameters should generally be
carried out via the parameter Factory Setting P523 before basic commissioning is carried out. This
parameter can be found under the tab "Additional Parameters".

All parameters which are not explicitly mentioned in this guide should therefore be left in the factory or
default setting. For more detailed information, please refer to the relevant manual for the frequency
inverter, see 9.1 "Manuals".

(il Information Parameterisation

Other application-specific settings, e.g. Deceleration time P103 (Brake reaction time P107 and
Brake delay off P114) are not described in this guide and must be adjusted independently by the user! For
optimisation of the controller only the Acceleration time P102, for the speed control, and the
Deceleration time P103, need to be adjusted.

Several other parameters must be changed for the optimisation of the particular controller, in order to obtain
informative oscilloscope recordings.

After completion of the individual controller optimisations these parameters must be re-
adjusted according to the particular requirements of the application.

NOTICE Function restrictions

The following frequency inverter functions for the parameters are only available to users to a limited extent or
not at all for synchronous motor applications:

* Shut-down mode P108
Function {3 = Instant d.c. braking}
Function {5 = Combi. braking}

* Flying start P520
Function {1 - 4 = All functions} *
* Only available as of software version = 2.1 RO for SK 2xxE, = 3.1 R0 for SK 5xxE or = 2.3 RO for SK 54xE

An incorrect parameterisation of this function is not used for the operation of the drive unit or is automatically not
activated by the frequency inverter, even though it has been parameterised.
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3.1 Operating display settings

Instructions

For optimisation of the relevant controller, the following two parameters must be checked or set in
advance.

Settin
Ezrr?:;;ter o Name [Unit] Fszﬁ'?‘;y relate: to parameter set (P1, ... , P4)
OPERATING DISPLAYS
P001 Select of disp.value 0* ¥ 0 = 2 (Setpoint frequency [Hz])
P003 Supervisor-Code 1** ¥ 1 = 3 (all parameters visible) only for SK 2xxE

* 0 corresponds to the actual frequency [Hz]

** 1 corresponds to all parameters visible except P3xx / P6xx

In general, optimisation of the speed and position controllers should be made in dynamic operation
under load conditions with specification of a setpoint. Because of this, the
Select of disp.value P001 should be changed from the function {0 = Actual frequency} to {2 =
Setpoint frequency}. The setpoint frequency is displayed in [Hz].

In contrast, optimisation of the current controller should be made in static operation without load and
without specification of a setpoint.

(il Information Supervisor-Code

The tabs Control Parameters P3xx and Positioning P6xx are only enabled and therefore made visible for
decentralised SK 2xxE frequency inverters by means of Supervisor-code P003 {3 = all parameters visible}. In
the NORD CON display, all tabs are always visible.

For control cabinet SK 5xxE frequency inverters all tabs are enabled or displayed in the factory setting
{1 = all parameters visible}.

3.2 Further settings

For the operation of synchronous motors with nominal frequencies > 50 Hz, setting of the following
parameters is mandatory.

Parameter No. . Factory Setting
A Name [Unit] i
el setling related to parameter set (P1, ..., P4)
BASIC PARAMETERS
P105 (P) Maximum frequency [Hz] 50.0 ¥ 50.0 — 70.0

Due to the "changed" motor data of a synchronous motor or the higher Nominal
frequency P201, a change must be made to the value in the parameter Maximum
frequency P105.

Depending on the selected operating mode and the requirements of the application, the value
of the Maximum frequency P105 may also vary according to the specific application. The
selected value should not be larger than the value for the Nominal frequency P201 so that
the motor is not operated in the weak field range.
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3.3 Motor data

Information

In principle, the windings of a Getriebebau NORD |IE4 synchronous motor (IPMSM) or PMSM and
SPMSM drives from other manufacturers can be wired in 2 ways (Y / A), depending on the mains
voltage. Depending on the circuit, synchronous motors can be operated only using with a frequency
inverter on different mains connections (including 230 V, 50 Hz and 400V, 50 Hz) and therefore
usually have several different V/f characteristic curves.

$%°CE » &

oasi3180 /

[ ]
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I
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Fig. 13: Examples of motor type plates
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Third party brand (Source: KOLLMORGEN *)

*AKM Operating Instructions, Edition 2014

AKM Installation | 7 Technical Data

7.6 Technical Data AKM5

Symbol
B e s e B o

Electrical data
‘Standstill torque™ My INm]*  [4.70(4.75[4.79[4.50]8.348.43[8.48 [6.60[8.60
Standstill current Ty AT 275484 & |94 |299|472[59 [93 134
max Mains voliage | U, [VAC] 280
Rated speed n, [rem] | =1=-1-1-1-1-1-1=
75VDC |Rated torque” M, INm] —=1=1=1=1=1=1=1=
Rated powsr PN — == ==1=1=1=1=
Fated spe=d n, [rem] — = === ==[=
115V  |Rated torque” li"nlwm] — [ —[—Js5[—[—[— —
Rated power P W] — == === ==
Rated spesd iy [rom] 1200/2500]3000[5500] — |1500)1500[2000[+500|
230V |Rated rgue’ M, INm] 4.41(4.02(357|2.35| — |7.69|7.53|0.80(5.20]
Fated power A 055 1.05(122(1.35] — [1.21[142[2.14(245]
‘Rated speed n, [rpm] |2500/5000/6000] — |1500(2500/3500(5500] —
400V | Rated mue’ M, Nm] 3.08(262(105) — |7.61(7.00]6.26 380 —
Rated powsr P W] 104[137[123 — [120[1.85] 23 [225) —
|Rated speed ny Irem] — —
480V | Rated orque’ M, Nm] 380 (154[195) — |7.28(6.66(5.77 325 —
Rated power P W] 110[122[ 123 — |152|208[242|204[ —
Feak current [T B2 |145| 18 [282| 0 [142|17.7|27.8)304)
Faak mrque Mo Ml | 116[117[11.711.8]21.3|215|216[218[218
Torque constant Krmg[NmIA] 172|088 08 [052(270(170]144 (003068
Voltage constant Ko [MVmin] | 110 [636(51.3(335( 178 | 115 027 |60.1|424
Winding resistance p-p [R, 1] 8.88[2.87| 197|075 |0.96|3.70[2.35 |0.06 | D40
Winding inductance p-p | L [mH] 38.612.1( 7.8 |3.40[447[185]11.8|500(250]
Mechanical cata
Rotor momentofinertia | J (kgem] EE] 2
Fole number - 0 0
Sttcficionorque | My INm] 0.022 [
Thermal tme constnt_| 7, (min] 20 24
Weight standard Glkal 4z 58
Radial load pemmitizd |7, [N] (+#187)
#uial load permited__|F, IN] (+#187)
Power cable acc. EN60204-1:2006 Table 6, Column BZ
[Minimum cross section [mm* KN ERENERERERENENEE]
* Rated data with reference flange Aluminium 30Smm * 305mm * 12.7mm
** Derating in case of built-in Encoder 6%, with built-in Encoder and Brake 10%
Brake data
Holding torque @ 120°C |[MER [Nm] | 145 Release delay sme | ©RH [ms][ 115
Operating voltage UBR[VDC] [24210% Engage delay ime |©RL [ms] |30
Electrical powsr @20°C [FBR[W] 1857 %, Vieight of fhe brake | GBR [kg) | 1.1
Moment of ineria JBR [rgom] [0214 Typical backlash | ["mech] |0.31

154

Kallmorgen | December 2014
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The motor data are parameterised in the frequency inverter in the tab "Motor data / Characteristic
curve parameters" in parameters P201 - P209. In contrast to asynchronous motors, for
synchronous motors further specific motor data are relevant or must be parameterised. There are
various methods of writing these motor-specific data for a synchronous motor in the parameters P240
- P247.

The selection of the input method depends on whether the motor is an IE4 synchronous motor from
Getriebebau NORD or a synchronous motor from a different manufacturer.

The following two methods are available for the parameterisation of synchronous motors:

1.  NORD motors (IE4 synchronous motors (IPMSM))

«  Selection using the parameter Motor list P200 and the function {109 = 3.0 kW 400 V
100T2/4}, with automatic () entry of the motor data in parameters (P201 - P209 and
P240- P246)

*  Measurement of the stator resistance Rs using Par.-identification P220 and selection
of the function {1 = Identification Rs}

2. Third party motors (synchronous motors (SPMSM) from other manufacturers)
*  Adopt the data from the motor type plate and / or the data sheet
*  Manual ¥ entry of the motor data in parameter (P201 - P207 and P240- P246)
*  Measurement of the stator resistance Rs using Para. identification P220
and selection of the function {1 = Identification Rs}
*  With subsequent optimisation of the motor data for the parameters (P240, P241,
P246), see [ 3.4 "Optimisation of motor data"

If the motor data of the synchronous motor for the parameters Stator resistance Rs, Stator
inductance Ld and Lq are not known, there is the further possibility of determining the data by means
of Motor identification:

Parameter identification with parameter Par.-identification P220 and selection of the
function {2 = identification motor}

*  Only applies for synchronous motors from other manufacturers / third party brands
if none of the motor data for the third party motor are known

*  Only applies for NORD motors for (field test devices, special motors, etc.)

*  Only the Stator resistance Rs in the parameter Stator resistance P208 and the
Stator inductance Lqg in the parameter Inductance P241 [-01] are determined.

. The Stator inductance Lq in the parameter Inductance P241 [-02] is calculated from
La

*  Subsequent optimisation of the specific motor data
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Instructions

3.3.1 Motor lists

If the motor is from Getriebebau NORD it can be selected using the parameter Motor list P200 from
a list of the available 4-pole IE4 synchronous motors (IPMSM). With the selection of the motor type,
the corresponding parameters P201 - P209 and P240 - P246 are set automatically ).

(il Information NORD motor data

The motor data which are saved in the frequency inverter are only for IE1 asynchronous motors and IE4
synchronous motors manufactured by Getriebebau NORD. The values have been calculated from the specific
data sheets for the motor or the details on the type plate.

The Motor cos phi P206 is also stated or pre-set via the Motor list P200, but is not relevant for synchronous
motors.

After entry of the motor data via the Motor list P200, the No load current P209 is only always parameterised
automatically to the value "0" ¢) for IE4 synchronous motors.

Course of action

In the parameter Motor list P200 the following functions are available for selection, e.g. for a
Getriebebau NORD SK100 T2/4 |IE4 synchronous motor:

. Function {103} = 2.2 kW / 230 V = 230 V frequency inverter
Motor connected in Y, nominal speed 1500 rpm
. Function {108} = 3.0 kW / 230 V = 230 V frequency inverter
Motor connected in A, nominal speed 2100 rpm
. Function {109} = 3.0 kW /400 V = 400 V frequency inverter
Motor connected in Y, nominal speed 2100 rpm
. Function {113} = 4.0 kW /400 V = 400 V frequency inverter

Motor connected in A, nominal speed 3000 rpm

With the selection of function {109 = 3.0 kW 400 V 100T2/4} the following motor data / characteristic
curve parameters the are only set automatically for NORD motors ():

Parameter No. [Uni] Factory Setting

[-Array] setting related to parameter set (P1, ..., P4)
MOTOR DATA/ CHARACTERISTIC CURVE PARAMETERS NORD motor

P200 (P)  Motor list 0 ¥ 0 — 109 (3.0 kW 400 V 100T2/4)
P201 (P) Nominal frequency [Hz] 50.0* () 50.0 — 70.0

P202 (P) Nominal speed [rpm] 1445* () 1445 — 2100

P203 (P) Nominal current [A] 8.3* ()83—+54

P204 (P)  Nominal voltage [V] 400* () 400 — 385

P205 (P) Nominal power [kW] 4* 0V4-3

P206 (P) Cos phi 0.8* ) 0.8 — 0.92

P207 (P)  Star Delta con. 1* ) 1 — 0 (Star)

P208 (P) Stator resistance [Q] 3.44* Q) 3.44 — 1.44 (measured)

P209 (P) No load current [A] 4.4 0440

P220 (P) Par.-identification 0 ¥ 0 = 1 (Identification Rs)
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Parameter No. [Uni] Factory Setting

[-Array] setting related to parameter set (P1, ..., P4)
MOTOR DATA/ CHARACTERISTIC CURVE PARAMETERS NORD motor

P240 (P) EMF voltage PMSM [V] 0 00— 341

P241  [-01] Inductance PMSM (d axis) [mH] 20 () 20 - 22.6

P241 [-02] Inductance PMSM (q axis) [mH] 20 () 20 -+ 45.9

P243 (P) Reluctance angle IPMSM [°] 0 00—10

P244 (P)  Peak current PMSM [A] 5 *** 0O5-14

P246 (P) Mass Inertia PMSM [kg*cm?] 5 (05458

P247  (P) [(g/t:]angeover frequency VFC PMSM o5 6 25 (leave as set)

* dependent on Fl power or parameters P200/P220

**{) To "0" for IE4 synchronous motors from Getriebebau NORD
¥ To "0" for synchronous motors from other manufacturers

*** Depending on the frequency inverter, SK 5xxE factory setting = 20

The Stator resistance P208 should always be measured and set with the automatic stator resistance
measurement and should then be checked, see Par.-identification P220 and the function {1 =
Identification Rs}.

(il Information Stator resistance

The measured value or the value to be entered for the Stator resistance P208 of a line (if this is available)
should always be relative to an ambient temperature of approx. 20 °C.

For IE4 synchronous motors manufactured by Getriebebau NORD, the value of the stator resistance is also
stamped on the motor type plate.

The parameter Mass inertia P246 describes the moment of inertia of the drive machine. The
factory setting of 5 kg*cm? is sufficient for most applications.

However, for highly dynamic applications, the mass inertia for the entire drive system should
ideally be parameterised.

This results in an improvement of the dynamic characteristics. The values should be obtained
from the technical data sheets or by an enquiry to the manufacturer.

3.3.2 NORD - Motor type plates / Data sheet

The motor data can be obtained from the motor type plate, see 3.3 "Motor data" and / or the
manufacturer's data sheet. The manufacturer's motor data should be parameterised accordingly in the
tab "Motor data / Characteristic curve parameters”.

NORD motors

In general only the motor data for should be selected by means of the motor type via the parameter
Motor list P200, e.g. function {109 = 3.0 kW 400 V}.
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Gatriebebay NORD GebH & CoXG

D bl d h Getriebebau-Novd- 5. |
atenblatt / datasheet T B
v, nce com i
Motortyp :
3 Phasen-Motor / 3 phase-motor VP 100T2/4
Motor type:
Elektrische Daten: I Electrical data: Auftragsdaten: / Order data:
NNUNGSVErsorgung I [Auftrag Nr. :
oltage supply: Y 2300 44900 09 BorderNo.:
tanderschalung: & | v a [Serial Nr,
Connection of stator © [Serial Nr. :
Fraquenz (f): IMoter M. ©
Frequency : =5 o i Motor, No. :
o ol Hiein fzio0] 3000
ennd M- Kenniinien Nr:
rated mofor torgue: B i 128 g |Diagram No:
P):
it KW f 20 40 ||Aligemeindaten: / General data:
i L) Drehrichiung: beide
Inducied Voltage : ¥ 15 27 Cirection of rotation : W, CCW
il : A 939 : 540| 890 g::;’:"“ *
Maximal Strom (hye): Batriabsart:
Maximum current : A Cal 1A | il Chuty: 31
taximales Drehmoment (M) I |[Lagertyp:
Poak lonque: " L B | e h’ype bearing: Ics
i IGehausewerkstol
[Ettisiensy, n (%) | Bt.4| 221 Fousing Maleral: Aluminium
Warmeklasse: F
Insulation class:
utzart | 1C Klasse:
ype of profection / IC class: 2 A |
rvice Fakior / Code letter
[Service lactor / Code letter:
K aksdeinddhrung: [
[Cable aniry: Sl
Gerwicht:
Weight: 120 kg
[Massentragheitsmoment (J):
Motor incl. Optionen]) 0,00458 kg
Priifdaten: /| Tested data: plethid )
| Schalldruckpegel (Lpg): h&he:
i b g 2l & IMaximum altitude of site: T m
Indukiivitat D-Achse (Lg): : [Zulassige Umgebungstemperatur: S bis
AU " IMaximum ambient lemperature: i lo il b
Q-Ach: H
o 459ULU2  mH Vorschriften: / Classification authorities: L
i bei 20°C (R): : 3
Fesistance stalor winding at 20°C: fotichradiiA NN o o
Emperatr (1): iE4
(gemassen nach der Widerstandsmathode) K
Temperature rise:
(al the stalor winding resistance method)
[lsalatiomswiderstand [Py, ): 100 Mega 0
[Insulation resistace : e o4
| Stehspannungsprifung:
Winding test : e
| Schwingstirke: A
Class of vibration:
Motoroptionen: / Motor options:

" Aul Nenmwer bezogene Grifie Einheitenios)

T Anderung A
Technical data are gjenl o cha[gg.

Fig. 15: NORD motor data sheet SK 100T2/4 BRE40 FHL TF

If a NORD motor is not selected with the aid of the parameter Motor list P200, the motor
data must be parameterised according to the type plate or from the data sheet.

The No Load Current P209 must then always be explicitly parameterised manually ¥, to
the value "0" by the user.

The specific motor values for the Voltage constant ke, the Stator resistance Rs and the
Stator inductances Lq and Lq are listed in the data sheet or stamped on the motor type
plate. The parameter Reluctance angle IPMSM P243 must be parameterised to the value
10°. The values for the two parameters Peak current PMSM P244 and Mass
inertia PMSM P246 must also be adjusted according to the data sheet or the details from
the manufacturer.
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3.3.3 Third party motor type plates / Data sheets

This Section only applies for third party motors or synchronous motors from other
manufacturers.
For applications with a NORD motor, this section can be completely ignored!

For synchronous motors from other manufacturers or other brands, there is only the possibility of
obtaining the motor data from the motor type plate or from the manufacturer's data sheet. The motor
data must be entered or parameterised in the frequency inverter in the tab "Motor data /
Characteristic curve parameters" with parameters P201 - P209. In contrast to asynchronous motors,
for synchronous motors further specific motor data are relevant or must be parameterised. The
additional motor data values for the specific manufacturer must be entered in the parameters P240 -
P246 by the user.

NOTICE Motors from other manufacturers

The selection or pre-setting of the motor data (P2xx) for third party motors must not be made via the parameter
Motor list P200, e.g. with the function {109 = 3,0 kW, 400 V, 100T2/4}! Otherwise the calculation of the PMSM
model will be based on "false" motor data values. As these are data for the synchronous motor which are specific
to the particular manufacturer, the manufacturer of the drive should always be contacted in case of doubt.

The specific motor values for the Voltage constant ke, the Stator resistance Rs and the Stator inductances L4
and Lq are listed in the data sheet or stamped on the motor type plate.

If in the case of a third party motor the Nominal current P203 is not stated on the motor
type plate or in the manufacturer's data sheet, this can be calculated according to the
following formula:

My My
Iy = ——— £ Pyp3 = ———
K Trms K Trms

In: Nominal current [A]

P2o3: Nominal current [A]

Mn: Nominal torque [Nm]

Krms:  Torque constant [Nm/A]
(il Information Motor data for third party motors

The Motor cos phi P206 may also be stated by the manufacturer, but is not relevant for synchronous motors.
From the entry of the Nominal frequency P201 and the Nominal speed P202 the number of pole pairs is
determined automatically. For synchronous motors, there may be occasionally deviations. Please contact the
Getriebebau NORD Service department.

The No load current P209 for synchronous motors from other manufacturers, i.e. in general for all third party
motors, must always be manually ¥ parameterised to the value "0" by the user.

The parameter Reluctance angle IPMSM P243 must be set according to the manufacturer's details. The values
for the two parameters Peak current PMSM P244 and Mass inertia PMSM P246 must also be adjusted
according to the data sheet or the details from the manufacturer.
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7.6 Technical Data AKM5

AKM

| S1E [51G 51H 51K | 52E 52G | 52H
Electrical data |
nids! 475 (490 |8.34 (843 |8.48 | B.60|8.60
Standstill current 6 |94 |299|472|59 | 9.3 |131
max. Mains veltage 480
Rated speed 2 —_— | - |- =|=|=|=|-
T5VDC | Rated torque™ M [MNm] el e i B B I B i
Rated power F'I1 LA - |- =|=|—|—]=
Rated speed n_[rpm] — R — | =280 — |- —| — | —
118V Rated torque® Mn[Nm] — | e S| = el i) SRR e
Rated power P W] — g - | - = = | =
Rated speed n, [rpm] 3000(5500( — |1500(1500|3000(4500
230V |Rated torque” M_ [Nm] 387|235 — |7600|7.53|6.80|5.20
Rated power P_[&W] 122|135 — |1.21(1.42|2.14(245
T Rated speed n_ [rpm] &000| — |1500{2500(3500|5500] —
400V |Rated torque” M [Mm] 1.86 | — (7.81|7.06(6.26|3.80| —
Rated power 123 — [1.20)1.86( 23 |2.256]| —
— e speed &000| — [2000({3000/4000|6000( —
480V |Rated torque” M, Nm] B0 @ 185| — |7.28|6.66|5.77|3.256| —
Rated power P W] '1.19'1.22 1231 — [1.562|2.00(2.42|2.04| —
Peak cumrent _— IS.E !I4.5 18 |282| @ (142|177 (279|304
Feak torque Mm [Nm] §11.6 11.7|118(213|2156(216|21.8(21.8
Torgue consiant 0.8 |052(278|1.78(1.44|0.83(0.68
W K. 51.3 (335|179 (115 (027 |60.1(424
lWinding resistance p-p - 1.87 |D.75(B.86|2.70|2.35| 0.86|0.45
Winding inductance p-p |L [mH] 79 |340(447|185(11.8|5.00(2.50
m!mm
Rotor moment of inertia |J kgem? 34 a2
Pole number - 10 10
Static friction torque lu'lR [Mim] 0.022 004
Thermmal ime constant |t [min] 20 24
Weight standand G [kag] 42 58
Radial load parmitted  |F_ [N] [=» # 178)
Axial load permited F. Nl [=»#178)
Power cable acc. ENB0204-1:2006 Tablke &, Column B2
Minimum cross section [mm? ElEEEE RN EREE

* Rated data with reference flange Aluminium 305mm * 305mm * 12.7mm
** Dierating in case of built-in Encoder 6%, with built-in Encoder and Brake 10%

Brake data

Helding torque @ 120°C

MER [Mm]

145

Operating voltage

UBR [VDC]

24+ 10 %

Electrical power { 20°C

PBR [W]

18517 %

Momentof inertia

JBR [kgoemA]

0214

Release delay time

BRH [ms]

115

Engage delay time

tBRL [m=]

Weight of the brake

GER [kal

T

Typical backlash

[*mech.]

021

166

Kollmorgen | Aprl 2015

Fig. 16: Kollmorgen AKM5 third party motor data sheet
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An SK 540E-221-323-A frequency inverter and a synchronous motor from the firm Kollmorgen, with
the designation AKM5 were used for the test setup.

Parameter No. [Unit] Factory Setting

[-Array] setting related to parameter set (P1, ..., P4)
MOTOR DATA/ CHARACTERISTIC CURVE PARAMETERS Third party motor

P201 (P) Nominal frequency [Hz] 50.0* ¥ 50.0 = 208.3

P202 (P) Nominal speed [rpm] 1440* ¥ 1440 - 2500

P203 (P) Nominal current [A] 5.2* ¥52-15

P204 (P) Nominal voltage [V] 400* & 400 (leave as set)
P205 (P) Nominal power [kW] 2.2* % 22-1.04

P206 (P) Cos phi 0.74* & 0.74 (leave as set)
P207 (P) Star Delta con. 0* & 0 (leave as set)

P208 (P) Stator resistance [Q] 2.43* ¥ 2.43 — 4.45 (measured)
P209 (P) No load current [A] 3.8* ¥ 3.8-0*

P220 (P) Par.-identification 0 ¥ 0 = 1 (Identification Rs)
P240 (P) EMF voltage PMSM [V] 0 ¥0- 275

P241  [-01] Inductance PMSM (d axis) [mH] 20 ¥ 20— 8.5

P241 [-02] Inductance PMSM (q axis) [mH] 20 ¥ 20 - 18.3

P243 (P) Reluctance angle IPMSM [°] 0 & 0 (leave as set)

P244 (P)  Peak current PMSM [A] 20 *** ¥ 20— 8.2

P246 (P) Mass Inertia PMSM [kg*cm?] 5 U534

* depending on Fl power or parameters P200 / P220

** & To "0" for synchronous motors from other manufacturers

*** Depending on the frequency inverter, SK 2xxE factory setting = 5

After entry of the motor data parameters, optimisation of the other motor data should only be
carried out for third party motors.

The stator resistance should be measured with the Identification motor, see Par.-
identification P220 and the function {1 = Identification Rs}. After this, optimisation of the other
motor data should be carried out according to Section 1 3.4 "Optimisation of motor data".

The Voltage constant ke, which states the value for the inductive reactance voltage of the
synchronous motor is stated on the motor type plate and in the data sheet. The voltage constant ke
states the voltage induced by the field (from the rotor to the stator) relative to the speed of the motor.

AG 0101 EN-3216 37



Drive Optimisation — Guideline for PMSM - CFC Closed-Loop DRIVESYSTEMS

EMF voltage PMSM P240

The EMF voltage PMSM P240 is calculated according to the following formula, using the Voltage
constant ke :

EMF voltage PMSM = ke * Ny e P240 = ke * PZOZ

Ke: Voltage constant [mV/min]
nn: Nominal speed [rom]
P202: Nominal motor speed [rom]
P240: EMF- voltage PMSM V]

The calculated value for the EMF voltage PMSM P240 and the values for the stator inductances Lq
and Lq obtained from the data sheet or the motor type plate must be parameterised accordingly in the
frequency inverter.

Inductance PMSM (P241)

[-01] for d-axis & Stator inductance Lq
[-02] for g-axis & Stator inductance Lq

For third party motors, the values for the two stator inductances Ls and Lg, in parameter
Inductance PMSM P241 [-01] and [-02] can be determined by means of the parameter identification,
see Par.-identification P220 by selecting the function {2 = identification motor}.

As the stator inductance of the d-axis is not equal to that of the g-axis,

La#Lgq Inductance PMSM P241 [-01] # Inductance PMSM P241 [-02]

for IE4 synchronous motors produced by Getriebebau NORD (NORD motors) and third party IPMSM
motors, the Reluctance torque or the parameter Reluctance angle IPMSM P243 must also be taken
into account.

Reluctance angle IPMSM P243

The Reluctance angle IPMSM P243, states the additional angle which results from the anisotropy
(dependence on direction) of the inductance in the d- and g-axis.

(il Information SPMSM drives

For applications with SPMSM (Surface Permanent Magnet Synchronous Motors), i.e. synchronous motors with
surface magnets, the parameter Reluctance angle IPMSM P243 must be set to "0 " or left in the factory setting

{0°}.

The motor-specific reluctance angle (10° for IE4 synchronous motors from Getriebebau NORD)
should always be determined experimentally under load conditions for third party motors. For
further details see Section 9.1 "Manuals". For IE4 synchronous motors from Getriebebau NORD
the value of 10° is set automatically (), with the selection of the synchronous motor from the Motor
list P200.
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After completion of the basic commissioning of IPMSM drives from other manufacturers, the
drive should be run under a constant load (> 0.5 x Mn) in CFC Closed-Loop mode (see
Servo mode P301 with the function {1 = On (CFC Closed-Loop)}).

For detailed information, please refer to the relevant manual for the frequency inverter, see 7
"Reluctance torque".

Peak current PMSM P244

The peak current of the drive system is entered in the parameter Peak current PMSM P244. This
parameter serves as a type of motor protection and prevents demagnetisation of the drive. This value
must be obtained from the manufacturer or from the motor type plate or data sheet.

Mass Inertia PMSM P246

The mass inertia of the drive system is entered in the parameter Mass inertia PMSM P246. The
factory setting of 5 kg*cm? is sufficient for most applications. For highly dynamic applications, e.g.
dynamic conveyor systems, the actual value should ideally be determined and entered.

The values for synchronous motors should be obtained from manufacturer's technical data or by an
enquiry to the manufacturer. The portion of the external centrifugal mass (e.g. gear unit, machine)
must be calculated or may alternatively be determined experimentally.

Correct setting of the parameter Mass inertia PMSM P246 results in an improvement of the dynamic
characteristics of the drive unit.

For detailed information, please refer to the relevant manual for the frequency inverter, see 9.1
"Manuals".
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3.3.4 Motor identification

If the motor data for the Stator resistance Rs and the Stator inductance L4 and Lq are not known,
e.g. neither the data sheet nor the motor type plate are available, there is the possibility of determining
these motor data automatically by means of a motor identification.

However, to do this, the motor data for the parameters:

*  Nominal frequency P201

. Nominal speed P202 approx. values, as this depends on the number of pole pairs (2 / 4)
. Nominal voltage P204

. Nominal power P205

«  Star Delta con. P207

must be known to the user and parameterised in the frequency inverter under the tab "Motor data /
Characteristic curve parameters".

Nominal frequency P201

The nominal motor frequency is calculated from the Nominal speed P202 according to the following
formula:

nxp P2 xp
f 0 = P301 60
f: Frequency [Hz]
n: Speed [rom]
p: Number of pole pairs [
P201: Nominal frequency / Frequency [Hz]
P202: Nominal current [rpm]

The calculated value is entered in the parameter Nominal frequency P201.

Para. Identification P220

By means of the parameter Par.-identification P220 there is the possibility of determining the motor
data for the Stator resistance Rs and the Stator inductance L4 and Lq automatically ().

(il Information Parameter identification SK 5xxE

With SK 5xxE frequency inverters, for the Par.-identification P220 the function {2 = Identification motor} is
only possible for frequency inverter / motor combinations < 7.5 kW (for 400 V) or. 4.0 kW (for 230 V).

For SK 5xxE applications 2 11.0 kW the function {2 = identification motor} is not approved.

For decentralised SK 2xxE frequency inverters the function {2 = identification motor} is possible for the entire
power range.

The Par.-identification P220 must be carried out when the motor is cold (15 °C 2 Twmotor £ 25 °C) .
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The following two functions can be selected:

*  Function {1} Identification Rs:

For the Identification Rs only the Stator resistance P208 is determined by multiple
measurements.

. Function {2} identification motor:

By means of the motor identification the Stator resistance Rs and the Stator inductance
La of synchronous motors is only measured when the motor is at a standstill. The Lq value is
calculated from the La value.

The stator values which are determined are automatically entered () into the parameters
Stator resistance P208 and Inductance PMSM P241 [-01] + [-02].

For NORD motors, for the Par.-identification P220or for measurement of the Stator
resistance (see [ parameter Stator resistance P208) preferably on the function
{2 = Identification Rs} should be used!

(il Information Stator resistance and stator inductance value

After the measurement is complete, the determined stator resistance is entered or displayed automatically < in
the parameter Stator resistance P208 .

In case of "incorrect” resistance values, the setting for the “Star Delta con. P207” and the motor connection in the
connection terminal box should be checked.

The determined stator inductance value L4 for the d-axis is entered into the parameter
Inductance PMSM P241 [-01] automatically ¢) on completion of the measurement. The inductance value Lq for
the g-axis is calculated from the determined stator inductance La of the d-axis and is entered directly into the
parameter Inductance PMSM P241 [-02].

For IPMSM applications (Interior Permanent Magnet Synchronous Motor) approximately
corresponds to the calculated inductance value Lq in the parameter array
Inductance PMSM P241 [-02].

For SPMSM applications (Surface Permanent Magnet Synchronous Motor) the inductance
values of both axis components (Lda = Lq) must be parameterised identically, i.e. for
parameterisation the values in the two parameter arrays

Inductivity PMSM P241 [-02] = Inductivity PMSM P241 [-01]
must be set to the same value.
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Information

3.3.5 Schematic circuit diagram

In general, all of the data which are necessary for control are calculated from the details on the type
plate (EJ 3.3 "Motor data") or the data sheet from the specific manufacturer. The required data refer to
the data in the schematic circuit diagram for the PMSMs.

For the Para. identification P220 only the Stator resistance Rs and the Stator inductance L4 or Lq
of the SCD are determined on the basis of measurement signals.

To some extent, the data from the schematic circuit diagram which are required for control
depend on the temperature (motor and ambient temperature). A correction of the values at
higher motor temperatures is made automatically by the controller.

If the stator resistance is measured at higher ambient temperatures or after longer operation of
the motor, "incorrect" starting values result for the automatic temperature correction.

(il Information Displayed measurement values

If the motor data are determined with Par.-identification P220 and the function {1 = identification Rs}, the Stator
resistance value Rs can be checked in the parameter Stator resistance P208 as well as in the parameter Select
of disp.value P001.

If the function {2 = identification motor} is selected for the Par.-identification P220 the values for the stator
inductances L4 and Lq are only displayed in the parameter Inductance PMSM P241 [-01] and [-02].

In the tab "Operating Displays" the corresponding values form the schematic circuit diagram which are to be
displayed after the frequency inverter is enabled can be selected under the parameter Select of disp.valueP001.
On the other hand, values which are calculated from the motor data, as well as other data for the schematic circuit
diagram cannot be displayed.

3.4 Optimisation of motor data

Instructions

The motor data for synchronous motors are in principle specific to the motor or manufacturer.
The designations of the further motor data differ to some extent in the manufacturer's data sheets or
on the type plates of third party motors.

For operation of third party motors with frequency inverters from Getriebebau NORD it is
recommended, that the user always carries out a further optimisation of individual, motor-specific
parameters, i.e. the following parameters, after basic commissioning of the synchronous motor (entry
of the motor data from the motor type plate / data sheet).

These parameters can be found in the tab "Motor data / Characteristic curve parameters and must
be optimised accordingly.

. EMF voltage PMSM P240

. Inductance PMSM P241

*  Reluctance angle IPMSM P243
. Mass inertia PMSM P246

The reluctance torque should only be optimised as necessary by the user for third party IPMSM
motors. The procedure for optimising the parameter Reluctance angle IPMSM P243 is described
in Section 7 "Reluctance torque".

On the other hand, the mass inertia should only be optimised in certain circumstances or for
application-specific circumstances.
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3.4.1 NORD motors

The motor data for IE4 synchronous motors from Getriebebau NORD, see parameter Motor
list P200, are already implemented in the system software in the motor list of the two frequency
inverter series SK 2xxE and SK 5xxE.

Optimisation of the specific motor data for Getriebebau NORD IE1, IE4 synchronous
motors is only necessary, or must be carried out by the user in exceptional cases or for
special applications.

In general, this applies for all NORD motors (e.g. field test drive units, special versions, etc.),
which are not included in the Motor list P200.

For special applications, special motors and in case of application problems, we recommend that you
contact the Service department of Getriebebau NORD.

3.4.2 Third party motors

Third party motors or third party brands are specific to the motor or manufacturer and for
operation with frequency inverters from Getriebebau NORD should always be further optimised
after entry of the motor data (from the motor type plate / data sheet).

Optimisation should be carried out on completion of basic commissioning, see [ 3 "Basic
Commissioning" and after

. Parameterisation of motor data from the motor type plate or data sheet
. Motor identification with Par.-identification P220 function {1 = Identification Rs}

by the user.
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3.4.3 EMF constant

The EMF constant or the EMF voltage PMSM P240 can be calculated with the Voltage constant ke
and subsequently optimised, see L 3.3.2 "NORD — Motor type plates / Data sheet".

The EMF constant or the parameter EMF voltage PMSM P240 of a synchronous motor can
not be identified when the motor is at a standstill. However, the value can be determined
experimentally and optimised with the drive operating without a load.

The following procedure should be followed for optimisation of the EMF voltage PMSM P240:

Parameter No. Unit Factory Setting

-Array] 2t ([l setting

[ related to parameter set (P1, ..., P4)
MOTOR DATA/ CHARACTERISTIC CURVE PARAMETERS Third party motor

P209 (P) No load current [A] 4.4~ ¥38—-0

P240 (P) EMF voltage PMSM [V] 0 ¥ 275 — optimal

p24a7 (p)  Changeoverfrequency VFC 25 4 25 (leave as set)

PMSM [%)]

Speed control

0 (Off = VFC Open-

P300 (P) Servo mode Loop)

& 0 (leave as set)

* () To "0" for IE4 synchronous motors from Getriebebau NORD
¥ To "0" for synchronous motors from other manufacturers

For synchronous motors which are running without load, the EMF constant can be optimised with the
following specifications by means of the "disabled" parameter Servo Mode P300, i.e. function
{0 = Off (VFC Open-Loop)}:
. No load current P209 = "0" and
*  Adequate setpoint specification, i.e.
Setpoint frequency > Switch-over frequency.VFC PMSM P247

The objective is to determine the optimum value for the parameter
EMF voltage P240.

The "correct" value for the EMF constant has been found when the Actual current P719 under no-
load conditions reaches "0" or almost "0".
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The following diagram shows the optimum setting for the EMF voltage PMSM P240:

p715 T
1=
@
=
b
% Optimum

<

1 >

optimized sz

EMK Voltage PMSM

Fig. 17: Diagram for optimum current / EMF constant

Start with smaller setpoint specifications / setpoint frequencies and carry out optimisation of the EMF
voltage PMSM P240 After this, the setpoint frequency is increased up to shortly before the weak
field range and then fine adjustment is carried out.
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3.4.4 Stator inductance

After adoption of the stator inductances from the manufacturer's data sheets, see [ 3.3.2 "NORD —
Motor type plates / Data sheet", the Stator inductance Lq should be optimised.

The Stator inductance La or the parameter Inductance PMSM P241 [-01] of a
synchronous motor can not be optimised if the drive is at a standstill.

The value for La can and may only be determined experimentally after the correct
determination of the EMF constant, with the drive running under no-load conditions.

The following procedure should be followed for optimisation of the Inductance PMSM P241 [-01]:

Setting

Pzrameter No. Name [Unit] Fa?tt_ory
[-Array] setting related to parameter set (P1, ..., P4)
MOTOR DATA/ CHARACTERISTIC CURVE PARAMETERS Third party motor
P203 (P) Nominal current [A] 8.3 ¥52-15
P209 (P) Noload current [A] 4.4* Y015
P241 [-01] Inductance PMSM (d axis) [mH] 20 ¥ 8.5 — optimal
P241  [-02] Inductance PMSM (q axis) [mH] 20 ¥ 18.3 = calculated **
P247  (P) [Cg/T]angeover frequency VFC PMSM o5 2 25 (leave as set)
Speed control
P300 (P) Servo mode O (O =VFC 1270 (leave as set)

pen-Loop)

* {) To "0" for IE4 synchronous motors from Getriebebau NORD

¥ To "0" for third party motors /synchronous motors from other
manufacturers

** Refer to the information for IPMSM or SPMSM

If the synchronous motor is running under no-load conditions, the Stator inductance Lq can also be
optimised in "disabled" Servo Modus P300, i.e. Function {0 = Off (VFC Open-Loop)} and with a

+ Specified setpoint as high as possible (the setpoint frequency should be at least < weak field
range)

After this, the parameter No Load Current P209 is set to the value of the Nominal current P203.

The objective is to determine the optimum value for the Stator
inductance L4 or the parameter Inductance PMSM P241 [-01].

Inductance PMSM P241 [-01]

The "correct" or optimum value for the Stator inductance L4 has been found when the parameter
Actual current P719 under no-load conditions corresponds to the No Load Current P209.

Otherwise, the parameter for the Inductance PMSM P241 [-01] must be corrected until the value in
the parameter Actual current P719 approximately corresponds to the No Load Current P209 or the
Nominal motor current P203.
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Inductance PMSM P241 [-02]

For the parameterisation of stator inductances attention must be paid to the version or type of the
synchronous motor (PMSM):

+ IPMSM

For IPMSM drives, the value of the Stator inductance L, in the parameter Inductance
PMSM P241 [-02] for the g-axis should not be changed.

+ SPMSM

For SPMSM drives, the two values for the Stator inductance L4 and Lq should always be
equal, i.e. the parameter Inductance PMSM P241 [-02] for the g-axis must be parameterised
to the identical value of Inductance PMSM P241 [-01] for the d-axis.
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3.5 Incremental encoder (IG)

Step 3

For the speed feedback, incremental encoders (IG) are usually used, which convert the rotary
movement into electrical signals (TTL or HTL). Incremental encoders both with and without zero tracks
can be used.

Three different encoder resolutions (1024, 2048 and 4096) are available as standard Getriebebau
NORD encoders. As the default rotary encoder, a resolution of 4096 pulses (pulses/rotation) is pre-set
at the factory in the frequency inverter. Technical data for the incremental encoder, e.g. the relevant
connections can be obtained from catalogue EJ M7000 Electric Motors.

NOTICE Installation of rotary encoders

The incremental encoder must be mounted on the end of the motor shaft. Otherwise, inaccuracy of the speed
and / or the position control may result.

Instructions

3.5.1 Parameterisation of encoders (IG)

For connection of the incremental encoder to the control terminals of decentralised SK 2xxE
frequency inverters, adjustment of the parameterisation of the digital inputs DIN2 and DIN3 is
required via the parameters digit inputs P420 [-02] and [-03]. The connection of an IG with a zero
track via DIN1 must be parameterised via the parameter Digital inputs P420 [-01], for further details
see [13.5.2 "Encoder connection (IG)".

For control in CFC Closed-Loop mode (servo mode) it is essential that speed control with speed
measurement is enabled via an incremental encoder (IG). In the "Control parameters" tab, the
parameter Servo mode P300 with the function {1 = On (CFC Closed-Loop)} is available for this.

(il Information Enabling of control parameters

For decentralised SK 2xxE frequency inverters, the Control parameters P3xx tab is enabled with the
parameter P003 Supervisor-Code {3 = all parameters visible}

For the control cabinet frequency inverters SK 53xE and SK 54xE the tab is enabled as the default in the
factory settings.

The corresponding pulse number / resolution for the encoder system must be parameterised in the
parameter Incremental encoder P301, taking the appropriate prefix (note the installation position)
into account.
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Setting

Pzrameter No. Name [Unit] Fai:tt.ory

[-Array] S related to parameter set (P1, ... , P4)

Speed control

= - n "Activati
P300 (P) Servo mode 0 (Off = VFC Open- | Refer .t.o 3.5.5 "Activating the speed
Loop) control

P301 Incremental encoder 6* ¥ 6 — 5 (2048 pulses)

* 6 corresponds to 4096 pulses

Incremental encoder (IG) with zero track

For applications with an incremental encoder with a zero track, the offset between the zero pulse and
the actual rotor position "0" must be set manually ¥ in the parameter Encoder offset PMSM P334.

Parameter No. Factory Setting

A Name [Unit] ti
[-Array] setting related to parameter set (P1, ... , P4)

Speed control

P334 (S) Encoder offset PMSM [rev] 0.000 ¥ 0- 0491
. n
P335 ** Sync. O-pulse ** 0 Sf—:e 3.5.4" Incremental encoder (IG)
with zero track

*For the value, see 4.~ on the label in the motor terminal box

* Parameter P335 Sync. 0-pulse encoders are only available for
SK 54xE

Details of the parameters Encoder offset PMSM P334 and Sync. 0-pulse P335 can be obtained from
Section [ 9.1 "Manuals".

3.5.2 Encoder connection (IG)

Connection of the incremental encoder to the control terminals of the frequency inverter is different for
the two frequency inverter series SK 2xxE and SK 5xxE and requires appropriately modified
parameterisation. The connection of an incremental encoder with a zero track is also different for the
two frequency inverters.

SK 2xxE

For decentralised SK 2xxE frequency inverters, connection of the incremental encoder (HTL) is made
exclusively via the two digital inputs DIN2 (Terminal 22) and DIN3 (Terminal 23). In the "Control
terminals" tab in parameter Digital inputs P420 [-02] and [-03] these must be switched to the
function {0 = No function}.

Parameter No. Uni Factory Setting

-Array] 2 || setting

[ Y related to parameter set (P1, ..., P4)
CONTROL TERMINALS

P420 [-01] Digital inputs (DIN1) 1 ¥ 1 — 43 (only for IG with zero track)
P420 [-02] Digital inputs (DIN2) 2 250

P420 [-03] Digital inputs (DIN3) 4 W40
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If the incremental encoder is connected and the Digital inputs DIN2 and DIN3 are not
parameterised to the function {0 = No function} there will be a "clicking" noise when the
drive unit is enabled!

Connection of incremental encoders with a zero trackmay only be made to Digital input 1 (DIN1).
Only the signal + zero track is connected to Terminal 21 (DIN1).

In the parameter Digital inputs P420 [-01], by selecting the function {43 = 0-track HTL encoder DI1},
the starting behaviour of the synchronisation of the rotor position is specified.

SK 520E to SK 535E

Connection of the incremental encoder (TTL) for control cabinet frequency inverters of performance
levels 2 SK 520E is made via the terminal bar X6 (Terminals 51 ... 54).

Connection of incremental encoders with a zero track is only made to the Universal encoder
interface, terminal bar X14, terminals 63 (Signal CLK-) and 64 (Signal CLK+) in the case of
SK 540E and SK 545E control cabinet frequency inverters.

(il Information Power supply

Encoder systems with a suitable power supply (10 V to 30 V) should be planned and used.

The technical data can be obtained from catalogue M7000 Electric Motors or from the data sheets [ 9.3.1
"Tls — Incremental encoder (I1G)".
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3.5.3 Function test of rotary encoders (IG)

After completion of connection and basic commissioning the correct function of the incremental
encoder (IG) should always be checked.

The prefix (+ or - pulse numbers) depends on the installation position of the incremental
encoder on the motor shaft. For example, if the direction of rotation of the |G does not
correspond to the direction of rotation of the frequency inverter (recommended
specification: positive values = clockwise rotation) a negative pulse number must be set
in the Incremental encoder P301.

(il Information Checking the encoder speed

To check the correct selection of the Incremental encoder P301 the parameter Speed encoder P735 is
available in the "Information Parameters" tab.

For the function test of the parameterised encoder function, the motor can be enabled e.g. with a setpoint of
10 Hz depending on the Nominal frequency P201, e.g. 50 Hz or 70 Hz in clockwise rotation. With this, for a 4-
pole motor the parameter Speed encoder P735 should have a value of approx. 300 rpm.

However, the value for the Speed encoder P735 may vary according to the application, as the setting for the
Maximum frequency P105 parameter and the selected setpoint source must also be taken into account.

Parameter No. , Factory Setting
A Name [Unit] tti
[-Array] el related to parameter set (P1, ..., P4)
INFORMATION, read only
P735 Speed encoder | &~ approx. 300 rpm

3.5.4 Incremental encoder (IG) with zero track

With the SK 54xE, the zero track of an incremental encoder is only evaluated if no universal encoder
is connected to the universal encoder interface, terminal bar X14. Refer to 3.5.2 "Encoder
connection (1G)" for further details.

The zero track of an incremental encoder can be used to determine either the

. Zero rotor position of the synchronous motor or the PMSM

The parameter Regulation PMSM P330 must be set to either the function
. {0 = Voltage-controlled} or

. {1 = Test signal method}

if an incremental encoder is used..

For IE4 synchronous motors manufactured by Getriebebau NORD, the encoder offset
between the d-axis of the rotor and the zero pulse is measured and documented with a
"rpm" and "°" label in the terminal box.

For further details, refer to P334 Encoder offset PMSM 3.5.1 "Parameterisation of
encoders (IG)".

or for the synchronisation of the

. Zero point (reference point) of the incremental encoder.

The following parameters are available for synchronisation of the zero pulse of the incremental
encoder.
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Sync. 0-pulse P335

Various functions can be selected for synchronisation:

3.5.5

Function {0 = Sync. off}
Synchronisation is disabled or switched off and corresponds to the factory setting.
Function {1 = Sync rotor pos. PMSM}

Synchronisation of the rotor position of a PMSM, i.e. a synchronous motor is enabled or
switched on.

Function {2 = Sync. reference pos.}

Synchronisation of the reference point for positioning applications (POSICON) is enabled or
switched on.

Function {3 = Sync. PMSM + pos.}

Both the synchronisation of the rotor position of a PMSM / synchronous motor as well as the
reference point for positioning applications (POSICON) is enabled or switched on.

Activating the speed control

For activation of the speed feedback (CFC Closed-Loop mode), under the tab "Control parameters"
the parameter Servo mode P300 must be set to Function {1 = On (CFC Closed-Loop)}.

CAUTION Servo mode activation

This setting should only be made after the check of the direction of rotation of the incremental encoder has been
successfully completed.

Otherwise, unexpected movements (wrong direction of rotation) may result. This may cause both material
damage as well as injuries to persons

Parameter No. Factory
[-Array]

Setting

Name [Unit] .
setting related to parameter set (P1, ..., P4)

Speed control

P300

0 (Off = VFC Open-

Loop) ¥ 0 — 1 (On = CFC Closed-Loop)

(P) Servo mode
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3.6 Absolute encoder (AG)

For the speed feedback a combined absolute encoder (AG) with a separate incremental track
(IG track) which as a measurement sensor converts the rotary movement into electrical signals (TTL
or HTL) can also be used. Both CANopen absolute encoders, as well as various universal
encoders can be used.

Four different encoder types with 13 Bit single turn resolution (8192) as well as 12 Bit (4096) or 16 Bit
(65536) multiturn resolution are available as standard Getriebebau NORD encoders. A pulse number
of 2048 (pulses/rotation) is used as the standard resolution of the incremental track and is pre-set at
the factory in the frequency encoder. Technical data CANopen absolute encoders, e.g. the relevant
connections can be obtained from catalogue EJ M7000 Electric Motors.

NOTICE Installation of rotary encoders

It is essential that the combination absolute encoder (single and multiturn with integral incremental track) is
mounted on the end of the motor shaft.

Other types of absolute encoder (e.g. Type AG1 / Part no. 19551881 / Kibler Type 8.5888.0421.2102.
S010.K014) must not necessarily be mounted on the end of the motor shaft.

In this case, the speed ratio in the frequency inverter must be parameterised with the aid of the Ratio P607 and
the Reduction Ratio P608. Otherwise, inaccuracy of the speed (incremental track) and / or the position control
may result.

Instructions

3.6.1 Parameterisation of CANopen encoders (absolute encoders)

For control in CFC closed loop mode (servo mode), for a CANopen standard combined absolute
encoder (AG) with an additional incremental track (IG) it is essential that the speed control with
speed measurement is enabled. In the "Control parameters" tab, the parameter Servo mode P300
with the function {1 = On (CFC Closed-Loop)} is available for this.

For an encoder system with incremental signals, the corresponding pulse number / resolution must be
parameterised in the parameter Incremental encoder P301, taking the appropriate prefix (note the
installation position) into account.

Parameter No. , Factory Setting
A Name [Unit] tti
[-Array] SENIY related to parameter set (P1, ..., P4)
Speed control
P300 (P)  Servo mode 0(Off =VFC |4 0 — 1 (On = CFC Closed-Loop)
pen-Loop)
P301 Incremental encoder 6* ¥ 6 — 5 (2048 pulses)

* 6 corresponds to 4096 pulses

For the position detection of the position controller with a standard combination encoder with a
CANopen interface (see Section 2.6 "Selection of absolute encoders"), several parameters must
be set under the "Positioning" tab for position detection by the position controller.
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Setting

Pzrameter No. Name [Unit] Fa(t:tt.ory

[-Array] Sty related to parameter set (P1, ..., P4)

POSITIONING / CONTROL PARAMETERS

P604 Encoder type 0 ¥ 0 — 1 (CANopen absolute)
P605 [-01] Absolute encoder (Multi) 10 ¥ 10 — 12 (4096 pulses)
P605  [-02] Absolute encoder (Single) 10 ¥ 10 — 13 (8192 pulses)

3.6.2 Parameterisation of the CANopen interface

For the communication interface of a CANopen standard combination absolute encoder (see
Section 2.6 "Selection of absolute encoders") further parameters must be set in the "Extra
parameters tab.

Parameter No. Unit Factory Setting
-Array] Emie IS setting
[ related to parameter set (P1, ..., P4)
ADDITIONAL PARAMETERS
CAN bus baud rate * o o
P514 [kBaud] 5 & 5 (250 kBaud) ** (leave as set)
CAN bus address *
P515  [-01] Slave address 32(dec) & 32 (leave as set)
CAN bus address *
P515 [-02] Broadcast slave adr. 32(dec) & 32 (leave as set)
CAN bus address *
P515 [-03] Master address 32(dec) & 32 (leave as set)
* System bus

** Depending on the frequency inverter, = SK 530E factory setting = 4

*** Depending on the frequency inverter, = SK 530E factory setting = 50

The default settings for the parameters CAN Baud rate P514 as well as the CAN address P515 Array
[-01 ... -03] vary between the SK 2xxE and the 2 SK 530E control cabinet frequency inverters. These
two parameters must be parameterised differently for application-specific requirements or deviations.

(il Information CANopen parameterisation

For connection of a standard combined absolute encoder to the particular frequency inverter, the standard
address setting on the CAN open absolute encoder is pre-set at the factory to the value / address {33} or {51}.

For control cabinet frequency inverters 2 SK 530E the standard Baud rate setting / function {4 = 125 kBaud}
deviates from that of decentralised frequency inverters with {6 = 250 kBaud} and is pre-set at the factory for
CANopen absolute encoders from Getriebebau NORD.
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3.6.3 Connection of CANopen encoders (absolute encoder)

The connection and the necessary 24V power supply of the CANopen absolute encoders is
different for the frequency inverter series SK 2xxE and = SK 5xxE.

SK 2xxE

Direct connection to the relevant bus option with system bus interface to the terminals:

Terminal | Designation Function Information

44 VO /24V 24V supply

40 GND/OV 0V supply

77 SYSH System bus + SYS H / (CAN High)

78

SYSL

System bus -

SYS I/ (CAN Low)

Shield via large-area earthing using the EMC cable connector

Table 6: SK 2xxE interface connection to the system bus

For detailed information regarding the connection of a CANopen absolute encoder to an SK 2xxE
please refer to the supplementary manual BU 0210 and the manual BU 0200, see Section
9.1 "Manuals".

SK 53xE and SK 54xE

An optional RJ45 WAGO connection module (Part No. 278910300) is available for connection of the
external power supply of the CANopen absolute encoder of SK 53xE and SK 54xE for frequency
encoder applications.

Detailed information for the connection of a CANopen absolute
encoder to a frequency inverter 2 SK 530E and to the RJ45
WAGO connection manual can be obtained from the
supplementary manual BUO0510 and the manuals
BU 0500 or BU 0505, see Section 1 9.1 "Manuals".

Fig. 18: RJ45 WAGO connection module
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3.6.4 Function test of CANopen encoders (absolute encoders)

After completion of connection and basic commissioning the correct function of the CANopen
absolute encoder (AG) should always be checked.

(il Information CANopen status

The CANopen status of the absolute encoder interface and the frequency inverter can be evaluated or checked
with the parameter CANopen status P748 under the tab "Information Parameters".

Further CANopen participants (nodes / addresses) may possibly be connected to the CANopen field bus, so that
the assignment of double addresses or different Baud rates etc. may have been parameterised.

Parameter No. . Factory Setting

-Array] 2 || setting

[-Array related to parameter set (P1, ... , P4)
INFORMATION, read only

P748 [-01] CANopen status * [hex] & Check display of CANopen status

* System bus

The parameter CANopen state P748 shows the status of the CANbus /CANopen in bit-coded form,
i.e. therefore the state of CANopen MNT For detailed information, please refer to the relevant manual
for the frequency inverter, see L1 9.1 "Manuals".

Procedure

For both the function test of the CANopen encoder as well as for commissioning of the position
control, it is recommended that a set procedure is followed.

CAUTION Servo mode activation

Ensure that the Emergency Stop and safety circuits are functional! For lifting gear applications, prior to switching
on for the first time measures must be taken to prevent the load from falling. In addition, for the load take-up, the
parameters Brake reaction time P107 and Brake delay off P114 should be optimised after the optimisation
of the speed controller.

Otherwise, unexpected movements (wrong direction of rotation) may result. This may cause both material
damage as well as injuries to persons

1 Commission the axis without position control

After the input of all parameters the drive unit should first be commissioned without control of
the position or speed.

For this the speed control must be switched off in the parameter Servo mode P300 with the
function {0 = Off (VFC Open-Loop)} and the parameter Position control P600 and the function
{0 = Off}.

2 Commissioning the speed controller

This step may be omitted if no speed control is required or if an incremental encoder is used.
Otherwise the Servo mode P300 should be switched to {1 = On (CFC Closed-Loop)}
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(il Information Servo mode

If the motor only runs at a slow speed with a high current consumption after activation of the Servo mode P300
with the function {1 = On (CFC Closed-Loop)}, there is usually an error in the wiring or the parameterisation of
the incremental encoder connection. The most frequent cause is an incorrect assignment of the direction of
rotation of the motor to the counting direction of the encoder.

The optimisation of the speed control is optimised after commissioning of the position control, as the behaviour of
the position control circuit can be influenced by changes to the speed control parameters.

3 Commissioning the position controller

After setting parameter Encoder type P604 and Absolute encoder P605 it must be checked
whether the actual position is correctly detected. The actual position is displayed in the
parameter actual position P601.

The value must be stable and become larger if the motor is switched on with rotation to the right
enabled. If the value does not change when the axis is moved, the parameterisation and the
encoder connection must be checked. The same applies if the displayed value for the actual
position jumps although the axis has not moved.

4 Specify and move to the setpoint position

After this a setpoint position in the vicinity of the actual position should be specified and moved
to by enabling the drive unit.

(il Information Testing the absolute encoder function

The encoder position of the absolute encoder can be checked with the parameter Actual position P601 using
NORD CON. If the direction of action of the absolute encoder is not correct, i.e. after being enabled, the axis
moves away from the setpoint position instead of towards it, this indicates an incorrect assignment between the
direction of rotation of the motor and the direction of rotation of the encoder. In this case, there is the possibility of
changing this by a negative input of the speed ratio value in the parameter Ratio P607.

Under the "Positioning Parameters" tab, using the parameter Encoder type P604, the corresponding encoder
system is parameterised for detection of the actual position value.

The direction of effect of the absolute encoder, i.e. the prefix (+ or - pulse numbers) depends
on the installation position of the incremental encoder on the motor shaft. For example, if
the direction of rotation of the incremental encoder does not correspond to the direction of
rotation of the frequency inverter (recommended specification: positive values = clockwise
rotation) a negative pulse number must be set in the Incremental encoder P301.

Parameter No. . o 1Unif] Factory Setting

)| setting related to parameter set (P1, ..., P4)
POSITIONING / CONTROL PARAMETERS

P601 actual position [rev] --- & Check display

P602 Actual Ref. Pos. [rev] - & Check display

P603 Curr. position diff. [rev] — &~ Check display

P604 Encoder type 0 ¥ 0 = 1 (CANopen absolute)

P607  [-02] Ratio (absolute encoder) 1

P608 [-02] Reduction Ratio (absolute encoder) 1

If the function test is complete and the detection of the actual position operates correctly, the position
controller can be optimised according to the following procedure, see [l 6 "Position control”.
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3.7 Identification of the rotor position
Instructions

For the determination of the start position of the rotor a determination procedure is required,
which depends on the encoder system which is used (IG or AG).

NOTICE Incorrect positioning

For applications with incremental encoder feedback, determination of the start position of the rotor is
necessary each time that the mains are switched on.

If this is not done, there is a danger of incorrect positioning or damage to the drive unit or the entire system.

Incremental encoders (IG) both with and without zero tracks can be used for the identification of the
rotor position.

For this, the identification method is set in the "Control parameters" tab using the parameter Control
method PMSM P330 and on the basis of the required functionality.

Further parameters are available for identification of the rotor position and for setting specific
parameter values for the encoder system:

Settin
Ezrr?;?;ter e Name [Unit] Fszzt'?‘;y relatefiJ to parameter set (P1, ... , P4)
MOTOR DATA/ CHARACTERISTIC CURVE PARAMETERS
P212  (P)(S) Slip compensation [%] 100 & (check if necessary)
P213 (P)(S) Amplification ISD control [%] 100 & (check if necessary)

Speed control

0 (Off = VFC Open-

P300 (P) Servo mode & 1 (On = CFC Closed-Loop)

Loop)
P330 (S) Regulation PMSM 1 (test signal method) | ¥ 1 = ... (depending on the encoder system)
P334 (S) Encoder offset PMSM [rev] 0.000 ¥ 0.000 — ... (depending on the encoder system)
P335 Sync. O-pulse 0 ¥ 0 = ... (depending on the encoder system)
(il Information Applications with a brake

Identification of the rotor position by means of the parameter Control method PMSM P330 is only possible to a
limited extent if a brake is used (e.g. release of the brake).

For determination of the start position of the rotor, only enabling of the drive is necessary for
the identification method, i.e. the specified setpoint can be left as 0 Hz.
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3.7.1 Procedure for determining the start position of the rotor

Determination of the start position of the rotor is carried out with the parameter Control
method PMSM P330. Depending on the encoder system which is used, four different functions are
available for synchronous motors.

The function to be set for identification of the rotor position or the control method depends on
the frequency inverter series and the performance level which is used.

For incremental encoders the Control method PMSM P330 must be set with either the
function {0 = Voltage controlled} or {1 = Test signal method}.

For absolute encoders either the function {2 = Value for universal encoder} or {3 = Value
for CANopen encoder} must be set.

For detailed information regarding the particular encoders and their parameterisation, please
refer to the relevant supplementary manual POSICON Positioning Control (see BU 0210
or 1 BU 0510) see [J <dg_ref_source_inline>Handbiicher</dg_ref_source_inline>)

Function {0 = Voltage controlled} (only for incremental encoders)

With the first start of the machine, a voltage indicator is memorised which ensures that the rotor
of the machine is set to the rotor position "zero". This type of determination of the starting
position of the rotor can only be used if there is no counter-torque from the machine (e.g.
flywheel drive) at frequency "zero". If this condition is fulfilled, this method of determining the
position of the rotor is very precise (<1° electrical).

The function {0 = Voltage controlled} may only be used for horizontal or "torque-free"
applications (without a brake). In principle, this method is unsuitable for lifting equipment
applications, as there is always a counter-torque. In case of parameter changes or mains failure
/ mains switch-off the method is always restarted automatically. If the rotor position is changed
while a voltage is applied to the frequency inverter, this is automatically taken into account on
condition that the incremental encoder is connected.

Function {1 = Test signal method} (only for incremental encoders)

The function {1 = Test signal method} which is to be set for the detection of the rotor position
/ control method may only be used for synchronous motors with permanent magnets
which are integrated in recesses, i.e. so-called IPMSM (Interior Permanent Magnet
Synchronous Motors).

Detailed information about IE4 synchronous motors from Getriebebau NORD is contained in
the Technical Information TI80-0010; refer to [ <dg_ref source_inline>Tls
Richtlinien</dg_ref_source_inline> for further details.

The starting position of the rotor is determined with a test signal. This method also functions at a
standstill with the brake applied, however it requires a PMSM with sufficient anisotropy between
the stator inductance Ld und Lq, see
<dg_ref_source_inline>Statorinduktivitdt</dg_ref_source_inline>.

This difference exists for IE4 synchronous motors from Getriebebau NORD (IPMSM). The
higher this anisotropy (direction dependence) is, the greater the precision of the method. The
voltage level of the test signal can be changed via the parameter Slip compensation P212.
The position of the rotor position controller is adjusted with the parameter Adjust ISD
control P213. For motors which are suitable for use with the test signal method, a rotor position
accuracy of 5°...10° electrical can be achieved (depending on the synchronous motor and the
anisotropy).
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In case of parameter changes or mains failure / mains switch-off the rotor position is always
redetermined automatically.

(il Information Incremental encoders with zero track

If there is an incremental encoder with a "zero track" on the motor shaft, the "zero track" can also be used to
determine the starting position of the rotor. The zero pulse can be used with both decentralised SK 2xxE and
SK 54xE frequency inverters for synchronisation of the rotor position.

Detailed information for the parameterisation and connection of an incremental encoder with a zero track can be
found in Section <dg_ref_source_inline>Inkrementaldrehgeber</dg_ref_source_inline>.

Function {2 = Value from universal encoder} (Universal encoder only for = SK 54xE)

With this method the starting position of the rotor is determined from the absolute position of a
universal encoder (Hiperface, EnDat with Sin/Cos track, BISS with Sin/Cos track or SSI with
Sin/Cos track). The universal encoder type is set in the parameter Encoder type P604
(see EJ Function {8 - 15}).

For this position information to be unique it must be known (or determined) how this rotor
position relates to the absolute position of the universal encoder. This is performed via the offset
parameter Encoder offset PMSM P334.

Synchronous motors from Getriebebau NORD are always supplied with a defined rotor start
position or encoder offset. The value or the encoder offset are always documented in "*" and
"rev" details on the synchronous motor by means of a label in the terminal box.

If this value is not known, the offset value can also be determined by setting the function {0 =
Voltage controlled} or {1 = Test signal method} of the parameter Control
method PMSM P330. For this the drive unit is started with the function setting {0 = Voltage
controlled} or {1 = Test signal method}. After the first start, the determined offset value is
stated in the parameter Encoder offset P334.

(il Information Encoder offset label

This value in the parameter Encoder offset P334 is volatile, and therefore is only Serial No. Motor:

saved in the RAM of the frequency encoder. In order to overwrite the value in the 21960351
EEPROM, the value must be changed and then parameterised back to the value which |
was originally determined. After this, fine adjustment can be carried out with the
synchronous motor running under no load.

|
5 Encoder-Off. /| Rev. =

| -0.8° -0.002

For this, in Servo mode P300 the drive is parameterised to the function {1 = On (CFC Closed-
Loop)} and run with a speed which is as high as possible, but < weak field range. From the
starting point, the offset is gradually adjusted so that the value of the Voltage component Usq
in parameter Voltage d P723 is as close as possible to "0”. A balance between the positive and
negative direction of rotation should be sought. In general the value "0" cannot be achieved, as
the synchronous motor has a load due to the fan wheel at high speeds. The universal encoder
should be located on the motor shaft.
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Function {3 = Value for CANopen encoder} (only for CANopen absolute encoders)

Identical function description as for function {2 = Value of universal encoder}, see above,
however for the determination of the rotor start position or the absolute position, a CANopen
absolute encoder is used instead of a universal encoder. The type or function of the CANopen
absolute encoder is set in the parameter Encoder type P604 (see Function {1, 5-7}).

For the determination of the start position of the rotor with incremental encoders, with the
parameter Regulation PMSM P330 a measurement precision of approx.+ 3 to 10° (electrical)
is achieved.

For CANopen standard combination absolute encoders from Getriebebau NORD
determination of the start position of the rotor is normally unnecessary. The encoder
adjustment is carried out at the factory and does not require further determination of the
encoder offset. The encoder must be readjusted if it is not adjusted, or the adjustment has
been changed due to impact or removal of the synchronous motor
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4 Current control

Step 4
Information

The current control is comprised of two different Pl controllers:

. Torque current controller (P312, P313, P314)
. Field current controller (P315, P316, P317)

These are divided into parameters P312 / P315 for the P component and parameters P313 / P316 for
an | component. In addition, two further "limit parameters" P314 or P317 complete the particular
controller. These are used to limit the maximum voltage range (Ed 9.1 "Manuals").

Information Controller values

The settings for the P component and the | component of the particular controller should always have the
same setting, i.e. P312 = P315 and P313 = P316. The limit parameters P314 or P317 are not considered in
further detail in this guide!

The following diagrams show several control curves / transient responses which occur after a sudden
change of the setpoint for various PI controllers.

Diagram 1 Diagram 2
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Selected P component too small
too small
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Fig. 19: Control value curves
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The various control curves, where the setpoint is shown in RED and the actual value is shown in
GREEN, describe the dynamic curve for the transient response, which is set via the individual control
parameters (P and | component) of the controller.

It is recommended that the following optimisation steps are performed to systematically adjust a
current controller.

Overview of the optimisation procedure

+  Setthe | component to a low value

* Increase the P component from the standard value in e.g. 50 % increments until no further
rapid increase of the actual value (Flux current ~P721) can be achieved. A curve as shown in
Diagram 2 results.

+ This is followed by an increase of the | component in e.g. 20 % / ms increments until an
overshoot of approx. 3 to 5 % is achieved.
Diagram 3 shows the optimised curve, whereby in this diagram, the overshoot is slightly
exaggerated for clarity.

Diagram 1 shows the curve if the P components is selected too small. In contrast Diagram 4 shows
the curve for the actual value when the | component is set too large. In this case, the | component
should be gradually reduced to set a curve as shown in Diagram 3.

The aim is to optimise the curve for the Flux current ~P721 with

the "correct” settings of the P and | components.

The practical implementation for optimisation of a current controller is described in
Section [0 4.4 "Optimisation procedure".
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4.1 Further settings

Instructions

For optimisation of the current controller, it is essential that the following two parameters are set in
advance.

Setting
Pzrameter No. Name [Unit] Fai:tt.ory
[-Array] Slng related to parameter set (P1, ... , P4)
MOTOR DATA/ CHARACTERISTIC CURVE PARAMETERS
P209 (P) No load current [A] 8.3* ¥ 0 — e.g. 5.4 (Nominal motor current P203) **

*) dependent on FI power or P200 / P220

** {) To "0" for IE4 synchronous motors from Getriebebau NORD
¥ To "0" for synchronous motors from other manufacturers

EXTRA PARAMETERS

P505 (P) Absolute mini. freq. [Hz] 2.0 & 2.0 (check whether factor setting)

For optimisation of the current controller of a synchronous motor, the Absolute mini.
Freq. P505 must not be "0". It is recommended that the value is left at the factory setting.
Furthermore, for optimisation it should be noted that after a change to the motor-specific
parameter value (P2xx) the rotor position must always be redetermined (see Fehler!
Verweisquelle konnte nicht gefunden werden. "Fehler! Verweisquelle konnte nicht
gefunden werden.").

Enabling or performance of the measurement must only be carried out after redetermination of
the rotor position.

Before starting the scope recording and enabling the drive unit, the setpoint must always be
setto 0 % (0 Hz).

4.2 NORD CON

NORD CON should be used for programming, operation
and optimisation of the controllers.

Optimisation of the controllers for NORD frequency
inverters can be performed with this parameterisation and
control software. The oscilloscope function provides e.g
the possibility to assess the particular optimisation steps
on the basis of several scope recordings.

Further information about the latest version can be found
under the following link: NORD CON

The functions Remote Control_and Control as well as
the Device Overview are available for control of the e
frequency inverter.

Fig. 20: NORD CON

Detailed information about the various functions, e.g. interface configuration, operation, oscilloscope
settings, etc. can be found in the NORD CON Manual BU 0000, see [J 9.1 "Manuals".
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4 Current control

4.2.1 Remote control

The following setting must be made in the Remote Control screen to optimise the current controller
before starting the scope recordings.

Remote

[00] 20xE 4,0KW/400V

= ©
' Leave the setpoint at 0 %, i.e. leave the

setpoint frequency at 0 Hz

Alternative display possibility

o

m

)
"

Press the Enable button

Fig. 21: Remote control of the current controller, setpoint and enabling

[00] 20xE 4,0kW/400V (=]
O

2 Ol
DOSG § ¢
@_ 4

New display in NORD CON
y S

20xE 4,0kW/400V

Fig. 22: Remote control of the current controller, setpoint and enabling

(il Information

Remote Control display

The display in the Remote Control screen may vary for different NORD CON settings and versions. E.g. the
Remote Control screen is displayed differently for SK 5xxE frequency inverters.
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4.2.2 Oscilloscope

The following settings should be made under the two tabs Recording or Channel Settings of the
NORD CON Oscilloscope Function before starting the oscilloscope recordings. The settings and
graphic displays in the illustrations may differ according to the frequency inverter types, versions and
software status.

Recording 8
Trigger

Releasze @ - {'@' 3
BVE 00 fad @ Set Trigger to Enable

=
=)

Samplerate/-time

0,25 rns@. - 100%

@ Set the scan rate to 0.25 ms

— Scan duration 50 ms

50 ms
- 0%
Note
Pre-Trigger / Dela
o i The scan rate should be selected so that it corresponds to the
Soms 4 100 ms scope recordings in the illustrations in Section (1 4 "Current
L U e I control”!

Q

0ms at trigger

Fig. 23: Oscilloscope settings for trigger and scan rate / scan duration

Comment: Torgue & Field current controller P312 & 315 = 350/ P313 & P316 = 30/ Setpoint frequency 0 Hz
Fig. 24: Resolution settings for the time axis, comment examples
Various types are available for selection of the measuring values which are to be recorded. Depending

on the controller, the "unfiltered" (~P7xx/ with approx. 250 ys) and the "filtered" (*P7xx / with
approx. 50 ms) values should be set for the oscilloscope recordings.

Mesure value Description

( :Wr]) [Name] The value of this measuring function is updated in the time slot pattern by approx. 100
ms and corresponds to the value indicated of the parameter.

[Name] The value of this measuring function is highly filtered and updated in a time slot pattern
by approx. 100 ms. updated in a time slot pattern by approx. 100 ms.

(= P[Number]) [Name] The value of this measuring function is filtered and updated in a time slot pattern by
approx. 50 ms.

( ~ P[Number]) [Name] The value of this measuring function is updated in a time slot pattern of approx. 250 ps.

Fig. 25: Legend / Meaning of measurement functions

(il Information Oscilloscope recordings

To obtain a better depiction of the measurement values, in this guideline the colours in the channel settings for
the particular measurement values have been modified for the oscilloscope settings.

For the use of the application guide it would be generally advantageous if during the optimisations /
oscilloscope- recordings which are carried out (e.g. for the current, speed, position controllers, etc.) the
identical settings are selected for the colour and resolution of the measurement values which are to be
displayed.

66 AG 0101 EN-3216



DRIVESYSTEMS 4 Current control

| Chan nel-Setling

Active Color  WMeasure value Rezolution/ON  Offset

1 @ -.B{Fieh:i =setpoint from weak ctrl, |E|| 1A ]% |—Ii%
2 @| -.EE(~F‘?21}FIU:-: current |E|' 1A I% FI!%
3 @] | [+]|-PT23)Vottage =] 20v & BE
4 [ ‘m |- "E..;li'.“-i-s..rz;.ﬁ.etp. freq after freq. ramp |E|' 10Hz iE_ |—I|r_:_

| @ ChannelSetting Measure

Fig. 26: Oscilloscope channel settings for the three measurement values

Recording
i@ Single ) Rol

& Stop || Mew
I @ Recarding @ Press the Start button

-
[ Transfer
|

1

Fig. 27: Start the scope recording

(il Information Initialisation

After pressing the start button, the initialisation phase of the oscilloscope recording begins. This is indicated with

the © indicator light. Because of this, enabling must only be carried out after completion of the initialisation
phase for the oscilloscope recording.

Completion of the initialisation phase is indicated with a @ colour change.

Recording Recording Recording

i@ Single Roll @ Single Rell i@ Single Roll

® = 0 [ o
[ Recording B Recording ] " Recording

[ Transfer | Transfer I " Transfer
Initialization Move Recording

Fig. 28: Initialisation phase of scope recording

AG 0101 EN-3216 67



Drive Optimisation — Guideline for PMSM - CFC Closed-Loop DRIVESYSTEMS

4.3 Torque and field current controller

For current controllers, in general both the P and the | component of the torque current control and
the field current control should always be changed simultaneously for the particular optimisation
step.

As the pre-setting for optimising the current controller, the P component (P313 / P316) for the
1st optimisation step should be set to 55 % and the | component (P313 / P316) should be set to
5%/ ms.

Parameter No. [Uni] Factory Setting

[-Array] setting related to parameter set (P1, ..., P4)
Speed control

P312 (P) Torque curr. Ctrl. P [%] 400 ¥ 50 — vary

P313 (P) Torque curr. ctrl. | [%/ms] 50 Y505

P314 (P) Torg. curr. ctrl. limit [V] 400 &~ 400 (leave as set)

P315 (P) Field curr. ctrl. P [%] 400 ¥ 50 — vary

P316 (P) Field curr. ctrl. | [%/ms] 50 Y505

P317 (P) Field curr ctrl lim [V] 400 &~ 400 (leave as set)

The changes to the control parameters must be checked with the NORD CON Oscilloscope Function (L 4.2.2
"Oscilloscope").

Before optimisation of the current controller it is essential that the parameter No Load
Current P209 described in Section [ 4.1 "Further settings” is adjusted.

The next optimisation steps and the corresponding scope recordings should be carried out as follows:

(il Information Oscilloscope recording

If a range is reached in which the changes in the curve cannot be viewed directly, it is advisable to save the
oscilloscope recordings. With the facility for displaying several recordings simultaneously a direct
comparison with the previous settings is possible.
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4.3.1 Current control P components

Starting from the standard value [50 %], increase the parameter for the P component of the Torque
current controller P P312 and the Field current controller P P315 in 50 % increments until a rapid
increase of the actual value, i.e. of the Flux current ~P721 no longer occurs.

The curve is as illustrated in Diagram 2 (see [ 4 "Current control").

With this setting, the Voltage component Usq ~P723 or the parameter Voltage -d P723 must
not exceed the maximum value of 20 % of the nominal voltage P204, i.e. for 385V this
corresponds to UN = 77 V).

(il Information Standard values of P components

For some motor sizes it may be the case that with the standard setting for the P components of the current
controller (P312 and P315) the maximum permissible value for the Voltage component Usa ~P723 is already
exceeded.

In this case a starting value < 50 % (standard value) must be selected for the P components.

4.3.2 Current control | components

Increase the parameter for the | component of the Torque current control I P313 and the Field
current control | P316 from the set starting value [5 % /ms] in 5% increments until a slight
overshoot of approx. 3 % to 5 % of the actual value, i.e. of the Flux current ~P721 occurs.

The curve is as illustrated in Diagram 3 (see L1 4 "Current control").

The Voltage component Usd ~P723 or the parameter Voltage -d P723 must not exceed the
maximum value of 25 % of the Nominal voltage P204, i.e. for 385 V this corresponds to Un =
96 V.

(il Information Voltage component Usqd

Depending on the motor data a more rapid or slower reduction of the Voltage component Usa ~P723 may occur
after reaching the maximum value (= 25 % of the nominal voltage P204).
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4.3.3 Criteria

The following criteria should be noted for optimisation of the field weakening control:

The aim is to optimise the curve for the Flux current ~P721 with
the "correct” settings of the P and | components.

(? * Keep the rise time of the Flux current ~P721 to a minimum
* Aim for a maximum overshoot of 3 — 5 % of the Magnetisation current ~P721
+ Only allow an amplitude of the Voltage component Uss ~P723 which does not
exceed 20 % or 25 % of the Nominal voltage P204

(il Information Optimisation steps

The step widths stated for control optimisation may differ depending on the application. Furthermore, the step
widths can be selected even finer for the final optimisation steps.
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4.4 Optimisation procedure

Instructions

(il Information Short circuit detection

It is possible that an oscillation may occur at the start of the curve. This oscillation occurs with frequency inverters
with an integrated "automatic short circuit detection".

This has no effect on the optimisation of the current controller.

i v I i I '
[ ' i | | !
1 | I ] 1 !
[ ' 0 | | !
1 ' ' I ] U
latt Cabate ialath Fnt ol of oimstaly Hetiatad cHoie
[ ' i " I !
1 | i 1 ] '
] ' ] T
| ' I | |
epoeasducapeagacgeneysa e
1 | . ' ' > o
I ' V i I yA
[ U 0 | y S0
| ' ’ |  J |
N RICIE] SRSV bl ke | SRy SOt e
1 ' ' ] |
] | ] ] n
| ! . | &
1 | i ] ]
Y ST AR By (PP AL il | (R e
' ' . ' automatic short circuit detection for
: : : : ‘ : SK 200E 4.0 kW frequency inverter, with
' | ' 7 3.0 kW IPMSM (IE4)
] | ] 1) ]
= g . ey
' i i I
[ ' i F.' [
| H " '
[ I i
r o~ Y = = e
]
|
]
]

>

Legend Field setpoint vs. Weak field Flux current ~P721 Voltage component ~P723

Fig. 29: Short circuit measurement of SK 200E frequency inverter

The following illustrations show the optimisation process for the current controller using the example of
a 3.0 kW synchronous motor with efficiency class IE4 on the basis of individual scope recordings.
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Legend Field setpoint vs. Weak field

Flux current ~P721

Voltage component ~P723

Step 1. "P" scope recording
Parameter P312/P315 =50 %
settings

2. "P" scope recording

P312/P315 =100 %

P313/P316=5 %/ ms
TA- 1A 140V peudlelpe b oo

6A-  BA- 1AV

SAl-  JA- 100V
44 4AR BV
JA- AR BV
2A- 2AF MV
AL A AV
L] =TSN

P313/P316 =5 %/ ms

2al- 28 40V
| | i | | |
0ms Hns Wms 0ms Xme Wms
Step 3. "P" scope recording 4. "P" scope recording
Parameter P312/P315 =150 % P312/P315 =200 %
settings P313/P316 =5 %/ ms

TAl-  TAF 1V

BA-  BAL fHV

Al 5Al 100V

P313/P316 =5 %/ ms

oms WM s
Step 5. "P" scope recording
Parameter P312/P315 =250 %
settings P313/P316 =5 %/ ms

8. "P" scope recording

P312 / P315 = 400 %
P313/P316 =5 %/ ms

TAl- TAlF 40V
AL BAL 12V

sAl- Al 100V

AL 1AL A

Bl W

AAL AR 20V o '

. oo P component too
24 28 0y A . =
______________________ hlgh E___J

: — —
om0 Am WS

P component far

______________________

i too high

10ms 208 W ms

Fig. 30: Curve for the P component of the current control
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Legend ::i::jd setpoint vs. Weak Flux current ~P721 Voltage component ~P723
Step 1. "I" scope recording 2. "I" scope recording
Parameter P312/P315 =200 % P312/P315 =200 %
settings P313/P316=5%/ms P313/P316 =10 % / ms

A TAl 0V

6AL  BAl 120V

BAl- SAl 100V

sAl- 4Al @y : M"“"“‘ S—p—

h> Wy m | compone

24 24l 4ov ‘ -

A 1AL X

om0l om

AL 1AL 20

24l 2Al 0V

Step 4. "I" scope recording 5. "I" scope recording
Parameter P312/P315 =200 % P312/P315 =200 %

settings P313/P316=20 % / ms P313/P316=3 %/ ms

TA|- TAF 140V : . I ; : ; I : I : ; i

BAL  BAL 120V

24 28l av
AL 1Al 2
ol ol oM
AL AL 20V

—————
10ms 20 e 30 ms 10ms 20 e W ms

Fig. 31: Curve for the | component of the current controller

4.5 Setting the no load current

After completion of optimisation of the current controller, the following parameter must be reset
accordingly.

Parameter No. Unit Factory Setting

-Array] ame [Unit] setting

[-Array related to parameter set (P1, ... , P4)
MOTOR DATA/ CHARACTERISTIC CURVE PARAMETERS

P209 (P) No load current [A] 8.3" ¥eg.54-0

*) dependent on FI power or P200 / P220
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5 Speed control

Step 5
Information

The speed controller is a Pl controller and comprises the two following parameters.

+  Speed controller (P310, P311)
The parameter Speed CtrlP P310 influences the P component of the controller. For the
| component the parameter Speed Ctrl | P311 is available.

It is recommended that the following optimisation steps are performed to systematically adjust the
speed controller for constant loads.

Overview of optimisation procedure

. Set the | component to a low value

+  Set the P component to a low value and e.g. increase in 50 % increments until the Torque
current ~P720 has a curve which is as rectangular as possible.
The Speed encoder ~P735 should have a linearly increasing curve.

+ This is followed by the increase of the | component in e.g. 5 % / ms increments, in order to
further optimise the rectangular curve of the Torque current ~P720. This optimisation
causes a slight overshoot of the speed.

The aim is to optimise the curve for the Torque current ~P720
with the "correct” settings of the P and | components.

The practical implementation for optimisation of a speed controller is described in
Section 5.4 "Optimisation procedure".
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5.1 Further settings
Instructions
For optimisation of the speed controller, the ramp time must be set under the "Basic Parameters" tab

in the parameter Acceleration time P102. In addition the Jog frequency P113 and the Absolute
mini. freq. P505 must be parameterised as necessary.

Parameter No. [Uni] Factory Setting
[-Array] setting related to parameter set (P1, ..., P4)
BASIC PARAMETERS
P102 (P) Acceleration time [s] 2.0 ¥20-03"
P113 (P) Jog frequency [HZ] 0.0 ¥ 0.0 > 50
EXTRA PARAMETERS
P505 (P) Absolute mini. freq. [Hz] 20 ¥20-0.0
* Notice: this is set without load in the example
(il Information Brake applications

For applications with a brake, the parameter Brake reaction time P107 as well as the Brake delay off P114
must be parameterised for the optimisation of the controller.

Otherwise a fault message will occur, as the drive goes into fault status due to the applied brake.

(il Information Setpoint / Weak field range

Optimisation of the speed controller must be performed below the weak field range!

Because of this, the setpoint specification must be matched to the design range (70 Hz / 100 Hz — curves).
For a standard design according to the 70 Hz characteristic curve the setpoint (frequency) should be approx.
70 % approx. 50 Hz.

For applications with an operating point (100 Hz — Characteristic curve) a setpoint (frequency) in the range
of approx. 70 % (i.e. approx. 70 Hz) must be specified.

The weak field range for this application depends on the load and therefore starts above the Nominal

frequency P201, i.e. in this case > 70 Hz.

The setting for the Acceleration time P102 must be selected so that if
possible, the Torque current ~P720 achieves 50 % - 100 % of the
nominal current P203 (see type plate / nominal motor current) with
the optimisation.

Setting of the Torque current ~P720 (Isq) sollte mit Hilfe der NORD CON Oszilloskop Funktion
vorgenommen werden.

Before starting the scope recording and enabling the drive unit, the setpoint must be set to a
value of approx. 70 % of the Nominal frequency P201 (70 Hz). l.e. in this example
(frequency inverter 4.0 kW / motor combination 3.0 kW) a setpoint frequency of approx. 50 Hz
must be specified.
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5.2 NORD CON

Further information about the settings can be obtained from Section 4.2 "NORD CON" and the
following.

5.2.1 Remote control

The following setting must be made in the Remote Control screen to optimise the speed controller
before starting the scope recordings.

[00] 20xE 4,0kW/400V @ Set the setpoint to 70 %, i.e.set the

i G \ setpoint frequency to approx. 50 Hz

— Use the + value or the - value button

©)
el ,!_@4! ®
@

Press the OK button to save the
frequency as the jog frequency in P113

(WD—=(

Press the Enable button

20xE 4,0kwW/400V steps @ @ and @ are not required if a jog

frequency has been parameterised.

Fig. 32: Remote control of the speed controller, setpoint and enabling
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5.2.2 Oscilloscope

The following settings should be made under the two tabs Recording or Channel Settings of the
NORD CON Oscilloscope Function before starting the oscilloscope recordings. The settings and
graphic displays in the illustrations may differ according to the frequency inverter types, versions and
software status.

Recording 8
Trigger @
@
[Release v] ; 5 &
*e- _
0.00 @ Set Trigger to Enable
=
Samplerate/-time @
Set the scan rate to 5 ms
E‘ — @v = 100%
i — Scan duration 1 s
1= — Scan rate depending on the run up time which is set
- 0%
Pre-Trigger / Delay Note
A= Y Zs The scan rate should be selected so that it corresponds to the
ey scope recordings in the illustrations in Section [ 5.4
: D "Optimisation procedure"!
60 ms before trigger

Fig. 33: Oscilloscope settings for trigger and scan rate / scan duration

Comment:; Speed Controller P310 = 400/ P311 = 30 / Setpoint frequen}:)r 35 H=z

Fig. 34: Resolution settings for the time axis, comment examples

Channel-Setting
Active Color  Measure value Resolution/DN  Offset
1 ] EI (~PT18i2)Setp. freq after freq. ramp E 10 Hz % |_I %
2 u EI (~P735)Speed encoder E 200 rpm % =, %
3 O EI {~P720)Torque current E A % |_I %
4[]| O | v || (-PT1812)Setp. freq after freq. ramp E 10 Hz |_I

‘ % ChannekSetting % Measure

Fig. 35: Oscilloscope channel settings for the four measurement values

Recording
i@ Single () Roll

O =hop ind @ Press the Start button

. Note
Recordin
@ Trﬂnsferg Note the initialisation phase, see the illustrations in Section 4.2.2
"Oscilloscope”

Fig. 36: Start the scope recording
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5.3 Speed controller

For the speed controller, the P and | component must be changed for the relevant optimisation steps.

As the initial for optimisation of the speed controller, for the 1st optimisation step the P component
(P310) should be set to 50 % and the | component (P311) should be setto 5 % / ms.

N Uni Factory Setting
Ei:?arr;;ter A NS setting related to parameter set (P1, ..., P4)
Speed control
P310 (P) Speed Ctrl P [%] 100 ¥ 100 — 50
P311  (P) Speed Ctrl | [%/ms] 20 Y205

The changes to the control parameters must be checked with the NORD CON Oscilloscope
Function (see [[J 4.2 "NORD CON").

In the following illustration, the curve for an optimally adjusted speed controller for a 3.0 kW
synchronous motor with efficiency class IE4 is shown as the target.

S5He|- 2200 pm|-

EDH|- 2000 pml-

s5H |- 1800 pml-

At 1600 pm|

I5He|- 1400 rpmt

WH|- 1200 pml-

25k |- 1000 rpmf

0l 800 mm|

15tz |- 600 pm-

10K | 400 pmt

Sh|- 200 mmf

Otep Ol

SH|- -200 rpmf 4:A| |
| | i |

“om . tOm a0ms d0ms 40ms

Fig. 37: Example of an optimised speed controller curve

The left-hand detailed illustration shows the almost rectangular curve for the Torque current ~P720,
while the acceleration ramp in the right-hand illustration shows a linear increase of the
Speed encoder ~P735.

As well as this, in the previous left-hand illustration a slight overshoot can be seen when the setpoint,
i.e. the Setp. freq after freq. ramp ~P718/2 is reached.

This setting ensures that the motor is fully magnetised when the acceleration ramp is applied.
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acceleration ramp may differ, as the curve results from the requirements specific to the

The display of the required rectangular form of the Torque current ~P720 curve during the
application.

¢

Oscilloscope recording

ion

Informat

it is advisable to save the

recordings simultaneously a direct

79

too high. The value of the Speed control P P310 which is too high results in oscillation of the

The following illustration shows the form of the curve of the P component of the speed encoder is set
Torque current ~P720.

DRIVESYSTEMS
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The next optimisation steps and scope recordings should be carried out as follows:
If a range is reached in which the changes in the curve cannot be viewed directly,

oscilloscope recordings. With the facility for displaying several

Fig. 38: Example with an excessive P component of the speed controller
comparison with the previous settings is possible.
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5.3.1 Speed control P component

Increase the parameter for the P component in 50 % increments until the curve for the Torque
current ~P720 is as rectangular as possible. The Speed encoder ~P735 should have a linearly
increasing curve.

The curve is as illustrated in the second illustration (see [ 5.3 "Speed controller").

The upper adjustment limit of the Speed Ctrl P P310 is reached, when a further increase of the
P component does not result in a better shape of the curve in the sense of a rectangular shape.
A setting of the P component which is too high can cause oscillations of the Torque current ~P720
as well as in the Speed encoder ~P735.

Once the P component has been determined, in operation, the controller must be slowly run
down from the setpoint frequency (e.g.50 Hz) to 0 - 3 Hz. It must be checked that during the
brake ramp the torque current ~P720 remains free from oscillations.

Among other things, this is used to test whether the P component is set correctly for all
speeds.

If the P component is set too high for a selected speed (setpoint specification), this is
apparent from oscillations in the Torque current ~P720 and an associated production of
noise "scratching noise" during operation or during the movement profile.

5.3.2 Speed controller | component

Beginning from the set starting value [5 % / ms] increase the | component in small increments (e.g.
5 %) until an approximately rectangular curve results for the act. torque current ~P720.

(il Information | component increment

If the application has a high inertial mass (relative to the inertia of the motor), the increment should not exceed
>5%/ms.

If the ratio Janw / Jmotor is small, the increase of the |- component can be performed in larger increments.

The selected increment for the increase of the | component should be in the range from 5 to 20.

As a result of the increase of the | component there is a slight overshoot of the Speed
encoder ~P735. If the |component is set too high the rectangular form of the Torque
current ~P720 will be distorted upward to the left.

The curve is according to that in the scope recording for Step 6: "I" scope recording 5.4 "Optimisation
procedure".

Once the | component has been determined, in operation, the controller must be slowly run
down from the setpoint frequency (e.g. 50 Hz) to 0 - 3 Hz. It must be checked that during the
brake ramp the Torque current ~P720 remains free from oscillations.

Among other things, this is used to test whether the | component is set correctly for all
speeds.

If the 1 component is set too high for a selected speed (setpoint specification), this is
apparent from oscillations in the act. torque current ~P720 and an associated production of
noise "scratching noise" during operation or during the movement profile.
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5.3.3 Criteria

The following criteria should be noted for optimisation of the field speed controller:

The aim is to optimise the curve for the Torque current ~P720
taking the criteria into account, with the "correct"” settings of the
P and | components.

oscillations

* No, or slight oscillation (approx.. 3 — 5 %) when the setpoint of the Speed
encoder ~P735 is reached during optimisation of the | component

« Rectangular form of the Torque current ~P720 in the acceleration phase

* No oscillations in the curve for the Torque current ~P720 after completion of
the acceleration phase

* No "scratching noises" when the drive unit is in operation

j  The curve for the Speed encoder ~P735 should be linear and free from

During operation there may be a "scratching noise", which is primarily apparent in applications
with drive units = 3 kW If noises are produced, the P or also the | component should be
reduced.

(il Information Optimisation steps

The step widths stated for control optimisation may differ depending on the application. Furthermore, the step
widths can be selected even finer for the final optimisation steps.

5.4 Optimisation procedure

Instructions

The following illustrations show the optimisation process for the speed control using the example of a
3.0 kW synchronous motor with efficiency class IE4 on the basis of individual oscilloscope
recordings.
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Legend Set. freq after freq. ramp ~P718[02] Speed encoder ~P735 Torque current ~P720

Step 1. "P" scope recording 2. "P" scope recording
Parameter P310 = 50 % P310 =100 %
settings P311=5%/ms P311=5%/ms

QR 180mpm-  9A

ok E0pn  8A P component A

TRl Wpm-  TA
0K 1200mpml-  EA

SOR| 1000mml-  SA
oK 0mml-  4A
W &0mpm 1A
20K} 400 pm) 24
10R|- 200mmf- 1A
OHe 0 rpmel- Ok

01|~ -2001pm 1A

-0 R} -40mpmE  2A

Coblid e ke B . ol ket VN s\ s i ks

wons 300 ms I S A L
Step 3. "P" scope recording 4. "P" scope recording
Parameter P310 = 150 % & P310 =200 %
settings P311=5%/ms P311=5%/ms

QK| 180mpml  9A
80Hz|- 1€00mml-  8A

sndunnnd

sandha

Rl Wpmt-  TA
0| 1200mpml-  BA

SRzl 1000 rpmi- 5A
40K 800 ipm}- 4A
WK 0mpml  3A
0k 40mpm- 24

frtnrnrahranibaaraderaabaannsk

10R|- 200mpmf- 1A

OHze 0 rpmel- O

wranndes

A0K| 20mpmf- 1A P component v

LU R e o T O I IR T A I I e R R e e e e e
= 100 ms 20 ms 300 ms

Step 8. "P" scope recording 12. "P" scope recording

Parameter P310 = 400 % P310 = 600 %
settings P311=5%/ms P311=5%/ms

QK| 1800 rpm}-
80Rz|- 1600 rpm}-

TORe| 1400 rpmt-
E0H | 1200 rpmi-

SORZ|- 1000 rpmi-
40H |- 800 rpm}-
0Kl 00 rpm}-
rail,d 400 rpm)

--------------------------------------

10H|- 200 pm}-

Ol  Orpmi
10 H2|- -200 rpm
-20 Kz} -400 rpm}-

P component far too high

" 100 M T om0 A0ms

Fig. 39: Curve for the P component of the speed control
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Legend Set. freq after freq. ramp ~P718[02] Speed encoder ~P735 Torque current ~P720
Step 1. "I" scope recording 2. "I" scope recording
Parameter P310 =200 % P310 =200 %
settings P311=5%/ms P311=10 %/ ms

Wk} 1800:[3411‘- 9A
| te0mpml  sA

§Startingpoint e - |component A

TOHz| 1400 rpmi- TA
60Kz} 1200 rpm}- BA

SR |- 1000 rpmif- SA
40H |- 800 ipm}- 44
30H|- 800 mpm iA
01| 400mm 2A
10| 200mpml 1A
OH 0 rpme}- ]9

10|~ -200rpmf- 1A

20H)| -40rpml  2A

of
Step 3. "I" scope recording 4. "I" scope recording
Parameter P310 = 200 % / P310 = 200 %
settings P311=15%/ms P311 =20 %/ ms

okl wopml oA | 3.5%overshoot v |

lcomponent A ool BT ROTEREOR S Eod-

80Hz|- 1800 rpm}- 8A

TOHz| 1400 rpm}- TA

e0Re|- 1200 rpmi- A

ol 1wo0pml  sA
40H |- 800 ipm}- 44
o iy o I KB 4 TN e
20k}l 400mpm A Tk i ‘ Fest : : :

wor| 20pml 14

O Omel O

Aokl 200mpmf 1A | Component ‘/

20K 40mpmf  2A i

of T wm  mm wm |T i1onns: — ‘om0 '3)0'n's+:
Step 6. "I" scope recording 24. "I" scope recording
Parameter P310 =400 % P310 =400 %

settings P311=30%/ms P311 =120 % / ms

QH|- 1800 rpmf- 2A
sh| E00mpml  8A
T0Hz| 1400 rpmi- TA
e0Hz|- 1200 rpm|- BA

SOHz|- 1000 rpmi- SA
40K |- 800 ipm}- 44
30H|- 800 mpm 1A
20H|  400mm 2A
10k|- 200 pml- 1A
OH e 0 rpee Ok

a0k 200mm A I component too high it b | component i far too high
20t} 400mpml 24 . o e D U (R S S . AL
of T aoms . zoms | aoms S im0 20ms 0 aMams

Fig. 40: Curve for the | component of the speed control
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6 Position control

Step 6
Information

The position control can be used in combination with an encoder to provide a high precision
positioning drive. Usually, various encoder systems e.g. incremental encoders or absolute
encoders are used to provide speed feedback. These are used as measurement transducers, which
convert the rotary movements and positioning data (position) into electrical signals.

The choice of the encoder system depends on the requirements of the application. This includes the
following characteristics, such as:

»  Encoder type: Absolute or incremental encoder

. Encoder type (TTL, HTL, combination, single-, multiturn) / resolution

»  Application type (angle measurement, linear travel measurement)

»  Connection method, interface drivers, filed bus system, with cable or plug-in

+  Construction and mounting type (flange, shaft, hollow shaft, torque support, etc.)
. Electronic features (power supply, output drivers, etc.)

*  Ambient conditions (protection type, temperature, ATEX, etc.)

(il Information Encoder selection

HTL incremental encoders (IG) as well as CANopen absolute encoders (AG) can be used for decentralised
SK 2xxE frequency encoders. TTL incremental encoders and CANopen absolute encoders can be used for
control cabinet frequency inverters = SK 530E.

In addition, for performance level SK 540E, SIN/COS encoders and other absolute encoder types such as
Hiperface, Endat, SSI and BiSS encoders can be connected to its universal encoder interface.

For detailed information regarding the particular encoder types, please refer to the relevant supplementary
manual POSICON Positioning Control, see BU 0210 or BU 0510 9.1 "Manuals".

The following features and integrated frequency inverter functions are available for positioning control:

. Programmable position memory

- For SK 2x5E there are 63 absolute positions
- For SK 53xE there are 63 absolute positions
- For SK 54xE there are 252 absolute positions

Positions are also maintained with "severe" load fluctuations

. Time-optimised and safe travel up to the target position by means of path calculation function

. In addition to travelling to absolute positions, up to 4 step lengths (so-called position
increments) can be stored in the frequency inverter.

+ Positions can also be saved in a control unit and specified via an appropriate field bus
interface (e.g. CANopen)

*  The positions can be transferred to the frequency inverter via a field bus interface
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NOTICE Power supply

Only encoder types with a 10 - 30 V supply may be used for frequency inverter applications.

For the POSICON positioning function, additional parameters (P6xx) which are required for the
position control are available under the Positioning tab as a separate menu group.

(il Information Enabling POSICON

For decentralised SK 2xxE frequency inverters the Positioning tab is enabled with the parameter Supervisor-
Code P003 {3 = All parameters visible}.

For SK 530E control cabinet frequency inverters the Positioning tab P6xx is enabled as the default in the
factory settings.

Application information

*  The positioning function / configuration and control of the frequency inverter as well as the
specification of the position setpoint can be made via the
- Digital inputs
- Bus IO In Bits
- USS protocol or a field bus system (e.g. PROFIBUS DP, CANopen etc.)

. Position detection can be performed with incremental or absolute encoders

+  Switch-over from speed control and position control (positioning) using parameter switch-
over

+ Synchronisation functionality between master and slave drives (one or more) using the
integrated system bus interface

+ Endless axis function (Modulo axes) for turntables and similar applications (this controls an
endless axis) with optimised path. The drive unit turns clockwise or anticlockwise according
to the required position.

For example, the frequency inverter is controlled using a specified position described by positions
which are saved in the frequency inverter. In this example, the specification of the position and
enabling of the drive unit is implemented via the BUS 10 In bits. An incremental encoder (IG) or a
standard CANopen combination absolute encoder as well as other types of rotary encoder
(only = SK 540E) can be used for the encoder system.

It is recommended that the following optimisation steps are performed to systematically adjust a
position controller:

(il Information Application notes for brake resistor

An external brake resistor was used for the optimisation of the position control described in this guide, see
2.1 "System components". The selection of an internal or external brake resistor for the SK 2xxE results from
the application requirements.
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Overview of optimisation procedure

»  Select the encoder system and parameterise it accordingly

+  Connect the encoder system and test the function

. Select and parameterise the interface for the setpoint or position specification

. Set the acceleration and braking ramps, i.e. Acceleration time P102 and Deceleration
time P103

+  Selection / Specification of the setpoint or target position

+  Set the P component to a small value and e.g. increase this in 10% increments until the
speed curve is as linear as possible for the Speed encoder =P735. In this case, a limit due
to the brake ramp / Deceleration time (P103) should be apparent and effective.

. If the P component is set too high, this is apparent from oscillations of the
Speed encoder =P735 in the actual position when braking. In addition there is an
overshoot of the Torque current ~P720 in this range. In this case, the P component must
be reduced again.

Fig. 41: Position control movement profile

For detailed information regarding the movement profile or the parameters which have to be set,
please refer to the relevant supplementary manual POSICON Positioning Control (BU 0210 or
BU 0510 see [ 9.1 "Manuals"). In addition, the relevant parameters are described in Sections L 6.4
"Position controller" and 6.4.3 "Positioning".

The aim is to obtain the optimum curve of the movement profile
with the "correct" setting of the P component. The Speed

('\/_? encoder ~P735 should follow the braking ramp and should not
pass over the setpoint position.

The practical implementation for optimisation of a position controller is described in
Section L 6.5 "Optimisation procedure".
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6.1 Further settings

Instructions

For optimisation of the position controller, the following two parameters must be set in advance. Some
of the setting are listed here in order to illustrate the control, position specification and position
selection with BUS 10 In Bits or the USS interface. However, this may differ according to the
application.

(il Information Application information

The ramp times for the Acceleration time P102, the Deceleration time P103 and the setpoint specification
(required speed) result from the requirements of the application. For use of the slow movement function at
the end of a positioning procedure, the minimum frequency P104 must be taken into account. This is used during
slow movement.

The ramp time must be set under the "Basic Parameters" tab in the parameter Acceleration
time P102 and Deceleration time P103.

Parameter No. Factory Setting

A Name [Unit] ti
[-Array] setling related to parameter set (P1, ..., P4)

BASIC PARAMETERS

P102 (P) Acceleration time [s] 2.0 ¥20-03"
P103 (P) Deceleration time [s] 2.0 ¥ 20-03*
P104 (P) Minimum frequency [Hz] 0.0 ¥ 0.0—..*

CONTROL TERMINALS

Funct. Bus I/O In Bits . o
P480 [-11] Bit 8 Bus control word 0 ¥ 0 = 55 (Bit 0 position (increment) array)

ADDITIONAL PARAMETERS

P509 Source Control Word 0 ¥ 0> 2 (USS)* ™
P510 [-01] Source Setpomts 0 (Auto) & 0 (leave as set) ***
Source main setvalue
Source Setpoints rxx
P510 [-02] Source 2nd setpoint 0 (Auto) & 0 (leave as set)
* To be set according to the specific application
(Notice: in this example without load)
** To be set according to the specific application
(Note: only relevant for slow running / Pos. Window P612)
*** Leave P510 Source main setvalue at the factory setting (0 = Auto)
(il Information Setpoint and position specification

The setpoint specification and the setting of the Position control P600 should correspond to the design
range (70 Hz / 100 Hz characteristic curves).

For optimisation of the position control, the setpoint should be selected according to the application
requirements!

For the SK 200E frequency inverter / motor combination (4,0 kW) and the supply voltage of 400V (50 Hz)
described in this guide, the function {2 = Lin. ramp (setpoint frequency)} is set and a specified setpoint of
e.g. 65 % is selected.
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Optimisation of the position control should be made with the aid of the NORD CON oscilloscope
function.

Before starting the scope recording and enabling the drive unit, the setpoint is set to 65 %
l.e.in this example (frequency inverter 4.0 kW / motor combination 3.0 kW) a setpoint
frequency of 45 Hz is specified.

It should be noted that the setpoint position "0" is used as the first specified position. From
this, it follows that as the second setpoint position "10", in parameter position P613, only
the array [-01] is to be parameterised!

6.2 NORD CON

Further information about the settings can be obtained from Section 4.2 "NORD CON" and the
following.

6.2.1 Control

The following setting must be made in the Control screen to optimise the position controller before
starting the scope recordings.

Setpoint Actual value
| 00 [%| 00 |%

Control
. Detail ¥
‘® ‘©‘ ‘®‘ By pressing the button fu R in the "Standard" view, the control
‘@H@‘ ‘@‘ screen changes to the "Detail" view.
NORDAC

(3 P1 ready

Fig. 42: Standard control view

@ Control wom@Status word Set point freqt@ Actual frequency
os7F [ a7 oed) 1 650

Cantrol

Off Torgue current
0@ TR -
0,0 B [ 3 %
@ [ INo voltage -
|:| Quick stop Off Error code

10 M |ﬂ"""'"l|

:

% %

E

p

=
=
[=1

(%]
E|E
F
?‘
™

/| Auto Send Ll
Broadcast
NORDAC [ Send “ Update ][ < Standar
o P1  running 20=E & 0kW400V

Fig. 43: Control of the speed controller, setpoint and enabling
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@ Set the setpoint to e.g. 65 %, i.e. the setpoint frequency to 45.5 Hz, using the Value + or Value —

button or enter 65 % directly

@ in the control word, enter the value 047F for Position 0 or press the Start button or enter the value
057F for Position 1

Alternatively, a further@ “Detailed Control“ view can be opened and used to enter the individual
control bits directly.

@ Set Bit 3 v = Enable operation

Set Bit 8 v = Specify Position 1 and then set Bit 3 v = Enable operation

Contrel word

m
-

O,

= B e = @ A L R = O

— =
M=o

13
14
15

Hame

Ready

[] Disable voltage

[] Fast hold (inhibited)
Enable operation
Pulse enabled
Enable ramp
Setpoint enabled

] Error quit (0-=1)

[] start function 480.11
[] start function 480.12
Caontrol data enabled
[] Right turn on

] Leftturnon

[] Reserved

] Parameterset bit 0 on
[] Parameterset bit 1 on

ZE Control word

w
=
=%
m
[=:}
=

®

Pl - - R T RSP R Ry

11

12
13
14
15

oo ceeeCEeCeee

O00O000OROROREEECOCOE

|
m

Ready

Disable voltage

Fast hold (inhibited)
Enable operation
Pulze enabled

Enable ramp
Setpoint enabled
Error guit (0-=1}
Start function 430.11
Start function 480.12
Control data enabled
Right turn on

Left turn an
Reserved
Parameterset bit 0 on
Parameterset bit 1 on

E%E
—
- D

0000000000000 ee

iE

Fig. 44: Control of position control, control bits left setpoint position 0, right setpoint position 1

90

AG 0101 EN-3216



NoRP

DRIVESYSTEMS 6 Position control

6.2.2 Oscilloscope

The following settings should be made under the two tabs Recording or Channel Settings of the
NORD CON Oscilloscope Function before starting the oscilloscope recordings. The settings and
graphic displays in the illustrations may differ according to the frequency inverter types, versions and
software status.

Recording Z[H
Trigger @ ;
’Release v] {a *

0,00 % @Set Trigger to Enable

Samplerate/-time

> x| (2)
m' Set the scan rate to 10 ms
2s

- 0% — Scan duration 2 s
— Scan rate depending on the run up time which is set

Pre-Trigger / Delay
Note
i ) ik The scan rate should be selected so that it corresponds to the
i i E'I il scope recordings in the illustrations in Section [ 6.5
"Optimisation procedure"!
0 ms at trigger

Fig. 45: Oscilloscope settings for trigger and scan rate / scan duration

Kommentar: Position control P§11 = 35/ Setpoint frequency 4E Hz

Fig. 46: Resolution settings for the time axis, comment examples

ChannelSetting
Active Color  Measure value Resolution/DN  Offset
1¥] |E| {=P801) Actual position 32bit Low ] 2rev % I—I%
2[v]|m E| (=PS02) Act. ref. pos. 32bit Low [*] 2rev % H%
3[¥]| m [ =] (~P735)Speed encoder 7] 200mem (3 H[E
4 O El (~P720)Torgue current IE 14 % FI%

| @z Channel-Setting |t Measure

Fig. 47: Oscilloscope channel settings for the four measurement values
(@ Single () Roll

D Stop @ Press the Start button

Recording Note o
Transfer Note the initialisation phase, see the illustrations in Section 4.2.2
"Oscilloscope”

Recording

m
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Fig. 48: Start the scope recording

6.2.3 Device overview

The course of positioning can be observed with the following settings of the three display possibilities
in the NORD CON Device Overview function.

Setpoint position 1 reached Setpoint position 0 is being approached
Lol itdL i) o< Devices report[ == |
[ N [v][00] 20xE 4,0kW/400V

actual position =
@ actual position

(@) 0,000 | rev O [ 4148 | rev

<L |Act Ref Pos. < [Act Ref Pos

E 10,000 | rev El: | 0,000 |rev

D Curr. position diff. (@) Curr. position diff

= | 10,000 | rev @ = | 4787 |rev
|O!p1 ready |_°|I P1 | running
20xE 4,0KW400 20=E 4 0KW/400W

Fig. 49: Position control device overview, display settings

@ Set Display 1 to actual position, @ set Display 2 to Act. Ref. Pos.

@ Set Display 3 to Curr. position diff.

Display 1 @

Device: 20xE 4,0K\W/400V @
| Type: [20XE 4,0K\W/400V Display 2 -
||P716/0: Current frequency |« Device: 20xE 4,0K\W/400V @
P722/0: current voltage = - X
P719/0; actual current El| | Type: 20k 4.0kwid00v s
P601/0: actual position P716/0: Current frequency  » Device: 20xE 4,0K\W/400V
PB02/0: Act. Ref. Pos. P722/0- current voltage £ )
P603/0: Curr. position diff. P719/0" actual current [Z1} || Type: [20xE 4.0kwW/400V
P700/0: Current fault PG01/0: actual position P716/0: Current frequency | »
P700/1: Actual warning PE02/0: Act. Ref. Pos. P722/0: current voliage =
P700/2: Reason Fl blocked - PE03/0: Curr. position diff. P719/0: actual current
P T P700/0: Current fault P601/0 actual position
[ OK i ’ Cancel P700/1: Actual warning PE02/0- Act. Ref. Pos.
P700/2: Reason Fl blocked - P&03/0: Curr. position diff.
T P700/0: Current fault
[ OK ] ’ Cancel P700/1: Actual warning
P700/2: Reason Fl blocked -
| ok || cancel

Fig. 50: Overview of position control devices, display selection
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6.3 Function test of rotary encoders (IG)

For incremental and absolute encoders, e.g. a CANopen standard combined absolute encoder
(AG) with integrated incremental signal track (IG) the function or the detection of the direction of
rotation should be checked.

Further information for the function test of the incremental encoder on the relevant frequency encoder
is provided in Section 4 3.5.3 "Function test of rotary encoders (IG)".

In addition, it is advisable to maintain a certain sequence for the commissioning of the CANopen
encoder or the function test of the position control. Refer to [l 3.6.4 "Function test of CANopen
encoders (absolute encoders)" for further details.

6.4 Position controller

For the position controller, the P component must be changed for the relevant optimisation steps.

The 1st optimisation step step for optimising the position controller can be started with the standard
setting for the P component (P611).

Parameter No. Unit Factory Setting

-Array] 2t ([l setting

[ related to parameter set (P1, ... , P4)
POSITIONING

P611 P Pos. Control [%] 5 &~ 5 (leave at standard)

The changes to the positioning parameters must be checked with the NORD CON Oscilloscope
Function (see [[d 4.2 "NORD CON").

In addition, depending on the application, further positioning parameters, e.g. position, ramp criteria,
travel measurement system, etc. must also be set.

NOTICE Position control

In case of a different setting of the position control P600 from the function {0 = Off}, it is essential that under the
"Basic Parameters" tab, the factory setting {0 =Voltage disable} is parameterised in the parameters
Ramp smoothing P106 and that in the Disconnection mode P108, the function {1 = Ramp down} is
parameterised.

This should always be taken into account before setting or parameterising the position control. For positioning,
four different variants (functions) are available for the Position Control P600.

For position detection by the position control with a standard combination absolute encoder with a
CANopen interface (see Section 2.6 "Selection of absolute encoders"), several parameters must
be set under the "Positioning" tab for position detection by the position controller.
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6.4.1 Parameterisation of the travel measurement system

For the selection of the travel measurement system or position detection with encoder feedback
(CFC Closed-Loop mode), several parameters must be set in the "Positioning tab according to the
encoder system which is used.

For detailed information, please refer to the relevant manual for the frequency inverter, see 9.1
"Manuals" or 1 3.6.1 "Parameterisation of CANopen encoders (absolute encoders)".

6.4.2 Activating the position control

For activation of the position control or position detection with encoder feedback (CFC Closed-Loop
mode) in the "Positioning" tab, the parameter Position control P600 must be set to the function
{2 = lin. Ramp (setfreq.)}.

CAUTION Enabling of position control

This setting should only be made after the check of the direction of rotation of the encoder has been
successfully completed.

Otherwise, unexpected movements (wrong direction of rotation) may result. This may cause both material
damage as well as injuries to persons

Parameter No. Uni Factory Setting

-Array] ame [Unit] settin

[-Array 9 related to parameter set (P1, ... , P4)
POSITIONING

P600 (P) Position Control 0 (Off) ¥ 0 — 2 (lin. Ramp (max.freq.)) *

* To be set according to the specific application. Note EL: refer to
the information for position control 6.4 "Position controller”

6.4.3 Positioning

For positioning or position control, further parameters are available under the "Positioning" tab, which
must be set by the user according to the specific application.

Parameter No. , Factory Setting
A Name [Unit] tti
[-Array] S related to parameter set (P1, ... , P4)
POSITIONING
m A "
P600  (P) Position Control 0 (Off) Y - s“ee 6.4.2 "Activating the position
control
P601 actual position [rev] &
P602 Actual Ref. Pos. [rev] -—- &
P603 Curr. position diff. [rev] -—- &
¥ — see [ 3.6.1 "Parameterisation of
P604 Encoder type 0 CANopen encoders (absolute encoders)"
. ¥ - see [ 3.6.1 "Parameterisation of
P05 [:01] Absolute encoder (Multi) 10 CANopen encoders (absolute encoders)"
. ¥ - see 3.6.1 "Parameterisation of
P05 [-02] Absolute encoder (Single) 10 CANopen encoders (absolute encoders)"
P607  [-01] Ratio (Incremental Enc) 1
P607 [-02] Ratio (Absolute encoder) 1
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Parameter No. Name [Uni] Factory Setting

[-Array] setting related to parameter set (P1, ... , P4)
P607  [-03] Ratio (Multiplic set/actual) 1

P608  [-01] Reduction (Incremental Enc) 1

P608  [-02] Reduction (Absolute encoder) 1

P608  [-03] SR;?:;HZB (Multiplic 1

P609  [-01] Offset Position (Incr.) [rev] 0

P609 [-02] Offset Position (Abs.) [rev] 0

P610 Setpoint Mode 0 0 (Position Array)
P611 P Pos. Control [%] 5

P612 Pos. Window [rev] 0 *

P613  [-01] Position 1 [rev] 0 ¥0—10*
P613  [-02] Position 2 [rev] 0

P613 [-03] - [-62] Position 3 to 62 [rev] 0

P613  [-63] Position 63 [rev] 0

P625 Hysteresis relais [rev] 1

P626 Relais Position [rev] 0

P630 Position slip error [rev] 0

P631 Abs/Inc slip error [rev] 0

P640 unit of pos. Value 0

* To be set according to the specific application, also known as slow movement
Notice: This should be used for large moments of inertia and "backlash" in the
gear unit.

** To be set according to the specific application. Note [J: refer to the information
for position control 6.4 "Position controller"

In the following illustration, the curve for an optimally adjusted position controller for a 4 kW IE2 motor
is shown as the target.

12 rev|- 12 rev|- 1200 mpm |- 6 A
10 rev|- 10 rev|- 1000 mpm |- 5A
Srev 8 rev 800 mpml|- 4 A
Grev 6 rev- 600 mpm|- 3A
4 revl- 4 rev 400 pm|- 2A
2rev 2 rev 200 rmpm|- 1A

Orevl- Orev- Ompm|- 0Af-—-

2 rev|- -2 revi- 200 pm\- _1A_;I1I1I linear brake ramp

4 rev -4 rev 400 mm|- 2 A_l:-:-: withautramp smauthing ----i ----------------------------------------

oo oo 000mml- S Ao M
oms ' 50ms 1s " 15s

Fig. 51: Example of an optimised position controller curve

An almost oscillation-free curve for the Torque current ~P720 can be seen when the setpoint
position is reached, as well as a linear form of the Speed encoder ~P735 without rounding of the
ramp when braking.
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The following illustrations show the shape of the curve if the P component of the position control is
set "too high" and "too low". Setting the value of the Position Control P P611 too low causes ramp
rounding of the Speed encoder ~P735 when the setpoint position is reached. A value which is set
too high causes an overshoot of the Speed encoder ~P735 and a visible oscillation of the Torque
current ~P720 when the setpoint position is reached.

12rev 12 rev-1200pm|- 6 A
10rev 10 rev|- 1000 pm|- 5A
Srev 8rev 800mm|- 4A
Breve 6Grev 600 pm|-  3A
drev 4drevl 400mpm|-  2A
2revi- 2rev 200mpm|- 1A

Orev- Orevt Ompm|- 0AR
2rev -2revk 200mpmi-  -1A
Arev -4rev 400 pml-  -2A
Hrev -Brevi- 600 pml- -3A

i i s | 1 ! ; ; i i 1 : ' ' ' 1
0ms T 500ms 15 158 SR 155

Fig. 52: Example with P component of the position control too small (left) and too high (right)

The next optimisation steps and scope recordings should be carried out as follows:

(il Information Oscilloscope recording

If a range is reached in which the changes in the curve cannot be viewed directly, it is advisable to save the
oscilloscope recordings. With the facility for displaying several recordings simultaneously a direct
comparison with the previous settings is possible.
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6.4.4 Position control P component

Increase the parameter for the P component in 10 % increments until the Speed encoder ~P735
has a curve which linear as possible and which follows the braking ramp. In addition, ramp rounding
for the brake process of the Speed encoder ~P735 should no longer be visible.

The correct setting of the P component of the position controller depends on the dynamic
characteristics of the system as a whole.

Rule of thumb: the greater the masses and the smaller the friction if the system, the greater is
the tendency of the system to oscillate and the smaller is the maximum possible P ampilification.

The curve is as illustrated in the first illustration (see LJ 6.4 "Position controller").

The upper adjustment limit of the P Pos. Control 611 is reached, when a further increase of the
P component does not result in a better shape of the curve. If the P component is set too high, this
causes an overshoot of the Speed encoder ~P735 when the setpoint position is reached.

To determine the critical value, the P component is increased until the drive unit oscillates about the
position (leave the position and then approach it again).

Recommended guide value: Then set the P component from 0.5 to 0.7 times this value.

For POSICON applications with a subordinate speed control (Servo Mode P300 {1 = ON (
CFC closed-loop)} use of a setting which deviates from the standard setting of the speed control
is usually to be recommended for applications with large masses.

For the P component of the speed control a value of 100 to 150% should be set in the
parameter Speed Ctrl P P310. As the | component in the parameter Speed Ctrl | P311, a value
of between 3 % / ms and 5 % / ms has proved to be effective.

6.4.5 Criteria

The following criteria should be noted for optimisation of the field position controller:

The aim is to optimise the curve for the Torque current ~P720
taking the criteria into account, with the "correct” setting of the
P component.

oa

* The curve for the Speed encoder ~P735 should be linear and follow the braking ramp

* No overshoot of the Speed encoder ~P735 when the setpoint position is reached

* No ramp rounding of the Speed encoder ~P735 during braking or in the braking ramp

* No oscillation of the Torque current ~P720 should be evident when the setpoint position is
reached

(il Information Optimisation steps

The step widths stated for control optimisation may differ depending on the application. Furthermore, the step
widths can be selected even finer for the final optimisation steps.
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6.5 Optimisation procedure

Instructions

The following illustrations show the optimisation process for the position control using the example of a
3.0 kW synchronous motor with efficiency class IE4 on the basis of individual scope recordings.

Legend Actual position 32bit Low =P601 Speed encoder ~P735
Act. ref. pos. 32bit Low =P602 Torque current ~P720
Step 1. "P" scope recording 2. "P" scope recording
Parameter
. P611=5% P611=15%
settings
10revi- 10 revi- 1000 rpmp- SAE
Grev- &revi 800rpmf- 4A; 1¥7;74r
Grevi-  Grevi 600 rpmi- 3AE /
drevi-  drevi- 400 rpmf- ZAE H ]
2rev  2revl 200 rpmf- 1A§ """
0 rdee - 0 rdss |- 0 rom |- mrai ..... =
2revl 2revl 200rpml- 1A T
drevl  -drevl--400rpml  2A [ Startlng pOint P component *
Srev -Brevi- -600 rpm|- —3Ai ; proedfrendeeeny | h |
1 500ms 1s 15 500 ms 158
Step 3. "P" scope recording 4. "P" scope recording
Parameter
: P611=25% P611 =35 %
settings
10revf- 10 rev|- 1000 rpmp- SAE
1 \\
Brevl-  Brevl 800 rpmp- 4AE : ,»h-,__ m‘_—wﬁv#
Grevl Grevl 600 rpmf- 34 / - /
4revl  4revi 400 rpmi- ZAE
2rev  Zrev[ 200 rpmf 1A§ / ' """"
Orae|  Ordel  Orpwm| OB . e /
-Z2revp-  -2rev -200 rpm- -1 A
<eif 4wfbeoont 24 - P component A\ P component v’
Srev Brevl-600mpml- -3 A! " C — — il i il e i il
! s0ms 15 1, 500 ms 1s 158
Step 5. "P" scope recording 9. "P" scope recording
Parameter
. P611=45% P611 =85 %
settings
10 rev- 10 rev-1000 rpmf- SA;
Brev-  Brevl 800 rpmi- 4AE :
Grevi Grevi- 600 rpm- 3AE / ;
drevi-  4revi 400 rpmi ZAE | / /-\\
2rev  Zrevi- 200 rpmf- 1 Ai L ‘
Drwel Ol Ol om | LB e A
-2rev-  -2revi-200 rppml - -1 Ai Pt o o o ‘
drevl 4revl 400rpml  2A! P component too hlgh * P component far too hlgh *
Srev| Srev| S00mml  3al [ e A S S : C —— - y 1\ """

1

stoms 1s ! 15

Fig.

53: Curve for the P component of the position control
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7 Reluctance torque

Step 7
Information

For applications in which an even and sufficiently high load is moved, i.e. a load > 0.5 Mn, by
setting the parameter Servo mode P300 to the function {1 = CFC Closed-Loop}, the approximate
reluctance angle, see 1 parameter Reluctance angle IPMSM P243, can be determined.

Experimental determination must always be carried out below the weak field range and should only
be carried out for IPMSM drives. With gradual adjustment of the parameter Reluctance
angle IPMSM P243 the corresponding current change must be observed in the parameter Actual
current P719 and must be adjusted until the current reaches the minimum value.

Note

Determination or optimisation of the reluctance torque mustnot be carried out in the weak
field range.

The smaller the reluctance angle, the smaller the reluctance component of the synchronous
motor with embedded magnets, i.e. for so-called IPMSM drives.

For further information regarding the reluctance torque or angle, please refer to Section [ 3.3.2
"NORD - Motor type plates / Data sheet"

The determination should then be carried out according to the following procedure after optimisation of
the controller has been carried out (see L Section 4, 5 und 6).

Overview of optimisation procedure

+ Set the Reluctance angle IPMSM P243 to an initial value of 0° and increase this in
increments of 1° or 2°, until the Actual current P719 reaches a minimum under constant
operating and load conditions.

*+  Optimum adjustment of the Reluctance angle IPMSM P243 has been achieved if no
improvement of the shape of the curve can be obtained by increasing the value.
A curve as shown in Figure 1 or Figure 27.3 "Reluctance angle".

. For the optimisation, care must be taken that the setpoint which is selected corresponds to the
design point or the load conditions!

The objective is to achieve the minimum Actual current P719
(? under nominal load conditions by the "correct" setting of the
reluctance angle.

The practical implementation for optimisation of the slip compensation is
described in Section L1 7.4 "Optimisation procedure".
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7.1 Further settings

Instructions

For the determination or optimisation of the reluctance torque, all parameters of the

. Particular controller optimisation (see previous section) must be optimised
*  All of the corresponding parameters for the application-specific requirements

must be optimised in advance.

(il Information Application information

All parameters which are to be set in advance, as well as the setpoint specification (required speed) result from
the application requirements. When setting the Acceleration time P102, care must be taken that the frequency
inverter does not enter the current limit (Warning C004 = Overcurrent measured).

Setting
Pzrameter No. Name [Unit] Fai:tt.ory
[-Array] SEnyg related to parameter set (P1, ..., P4)
BASIC PARAMETERS
P113 (P) Jog frequency [HZ] 0.0 ¥ 0.0 — 65.0

Speed control

0 (Off = VFC Open-

Loop) & 1 (On = CFC Closed-Loop)

P300 (P) Servo mode

Setting or optimisation of the reluctance angle should be carried out using observation of the Actual
current =P719) e.g. with the aid of the NORD CON oscilloscope function.

Before starting the scope recording and enabling the drive unit, the setpoint must be set to a
value which corresponds to the requirements of the application or the designed operating
point. l.e. in this example (frequency inverter 4.0 kW / motor combination 3.0 kW) a setpoint
frequency of e.g. 65 HZmust be specified.
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7.2 NORD CON

Further information about the settings can be obtained from Section 4.2 "NORD CON" and the

following.

7.2.1 Remote control
The following setting must be made in the Remote Control screen to optimise the reluctance torque

before starting the scope

recordings.

1HO

QTG ¥ %

@—@_@

@ Set the setpoint to e.g. 92 %, i.e.set the
setpoint frequency to approx. 65 Hz

Use the + value or the - value button

Press the OK button to save the
frequency as the jog frequency in P113

®» ©©

Press the Enable button

Steps ®® and ® are not required if a jog
frequency has been parameterised.

Fig. 54: Remote control of the reluctance torque setpoint and enabling

7.2.2 Device overview

Optimisation can be carried out with the following settings of the three display possibilities in the
NORD CON Device Overview function.

1" Devices report t‘: =] ﬂ

[][00] 20xE 4,0kW/400V

Current frequency

00 | H

@

act torque current

0,0 | A

actual current

00 | A

NORDAC

|@ P1 | inhibited

®

20xE 4,0kWi400V

-

7

Set Display @ to Current frequency

@ Set Display @ to act. torque current

Set Display @ to actual current

Fig. 55: Reluctance torque device overview, display settings
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Device: 20xE 4,0kW/400V
Type: [20xE 4,0kW/400V
|ypeL2’— Device: 20xE 4,0KW/400V
P716/0: Current frequenc - 3
P722/0° current voltage E | Type: [20xE 4,0kW/400V s
P719/0: actual current - P710/1: Analog output volta.[2 « |De\.-'ice: IZUxE 4, 0kW/400V
PE01/0: actual position PT711/0: State of relays 7
PG02/0: Act. Ref. Pos. P714/0° Operating time || |/ Type: [20xE 4 0Kwr400v
PE03/0: Curr. position diff. P715/0: Running time = P716/0: Current frequency -
P700/0: Current fault P717/0: Current speed PT722/0: current voltage |E
P700/1: Actual warning P718/0: Current set freq.[1] P719/0: actual current -
P700/2: Reason Fl blocked  « P718/1: Current set freq.[2] PE01/0: actual position
s PT18/2: Current set freq.[3 PE02/0: Act. Ref. Pos.
[ 0K i [ Cancel - act. torgue current PE03/0: Curr. position diff.
e e PT00/0: Current fault
I oK | [ Cancel l P700/1: Actual warning
PT00/2: Reason Fl blocked  «
oKk || cancel

Fig. 56: Slip compensation device overview, display options
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7.3 Reluctance angle

To determine the reluctance torque, the reluctance angle must be changed for the various optimisation
steps.

As the initial for optimisation of the reluctance torque for the 1st optimisation step the reluctance
angle should be set to 0 ° in the parameter Reluctance angle IPMSM P243.

Parameter No. : Factory Setting
A Name [Unit] tti
[-Array] Sing related to parameter set (P1, ..., P4)
MOTOR DATA/ CHARACTERISTIC CURVE PARAMETERS
P243 (P) Reluctance angle IPMSM [°] 10 ¥ 0 — optimal

With constant load, the Reluctance angle IPMSM P243 must be optimised until the Actual
current P719 is at a minimum.

A value for the reluctance angle which is not optimally set causes an increased current
consumption of the drive unit under the same load conditions. Optimisation should always
be carried out under nominal load operation and at the designed operating conditions
(operating mode, operating temperature, load conditions etc.)!

The following diagram / illustration shows the optimum setting for the Reluctance angle IPMSM P243:

p719 4

Optimum

Actual current

e N B B e S e S e S e >
1 2 4 4 85 6 7 & 9 10 4 42 43 14 15 18
P243

Reluctance angle IPMSM

Fig. 57: Diagram for optimum current / reluctance angle IPMSM

The changes to the reluctance angle must be checked with the NORD CON Oscilloscope Function
(L 4.2 "NORD CON").
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In the following illustration, the curve for an optimally adjusted reluctance angle for a 3.0 kW IPMSM
synchronous motor (third party motor) is shown as the target.

65 Hz| 2600 pm|- 65 Al 65A[

{1 - o s "% S S S N S _——
60 Hz|- 2400 rpm 6 A 6 Af—!
55 Hz| 2200 pm|- 55AF 55A} L1 A
50 Hz{- 2000 rpm 5A 5 Aff——————— - \\ !
45 Hz{- 1800 pm|- 4,5 Al- 4,5Af[— ! :
40 Hz|- 1600 rpm 4 A 4 A
35 Hz{- 1400 pm|- 35 Af 35A
30 Hz[- 1200 pm|-  3AL  3A
25 Hz{- 1000 pm|- 25 A 25A
20 Hz{- 800 Ml 2AL  2A
15 Hz}- 600 rpm 1,5 A 1,5 Af———— 1 | N N N O A |
10 Hz|- 400 rpm 1A 1A
5Hz{- 200 pm{- 05A} 0,5A}—
0Hz 0 pm| 0A 0 Al—
-5 Hz{- -200 pmf- -0,5 Al- -0,5 A

55s 575s 6s B6,25s 65s 5,75 8 Ts

v

Fig. 58: Example of an optimised reluctance angle

The optimum curve for the Torque current =P720 at the operating point under nominal load
conditions is illustrated.

The following illustrations show the shape of the curve if the reluctance angle is set "too high" and
"too low". The value for the Reluctance angle IPMSM P243 which is set too high or too low causes
an increased Torque current =P720 or an increase in the current consumption of the motor.

AL A
65 Hz|- 2600 pm|- 65A[ B65A} 1 1 - -
60 Hz| 2400 rpm BA 6 Af——t - \ { . T T T S S . -

55 Hz|- 2200 pm{- 55 AL 55A}

G o e PV e WVCN o VN I |

50 Hz{- 2000 rpm| 5A 5 Af————+
45 Hz|- 1800 pm|- 45A| 45A 1 I O A
40Hz|- 1600 M| 4Al  4A
35 Hz|- 1400 pm- 35AL 35
30 Hz|-1200pml-  3AL  3A
25 Hzl-1000 pm- 25 Al 25A
20 Hz{- 800 rpm- 2AF 2A

15 Hz{- 600 rpm 1.5 A 1.5 A1 T B e B
10 Hz{- 400 rpm 1A 1A}
5 Hz- 200 pm{- 05 AR 05Af——— ot B e S e e
0 Hz 0 rpm 0A 0Af—
-5 Hz|- -200 pm- 0,5 Al -05

55s 575s 6s 8,255 6,5s 755 7s 55s 5755 635 6255 B5% B75s Ts

Fig. 59: Example with the reluctance angle set too high (right) and too low (left)

The next optimisation steps and scope recordings should be carried out as follows:

(il Information Oscilloscope recording

If a range is reached in which the changes in the curve cannot be viewed directly, it is advisable to save the
oscilloscope recordings. With the facility for displaying several recordings simultaneously a direct
comparison with the previous settings is possible.
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7.3.1 Reluctance angle value

Increase or reduce the parameter for the Reluctance angle IPMSM P243 in e.g. 1° or 2° increments
until the Actual current P719 reaches the lowest possible minimum e.g. during the acceleration
ramp for movement applications.

The curve is as illustrated in the first lllustration (Ed 7 "Reluctance torque").

The optimum setting of the Reluctance angle IPMSM P243 has been achieved, when a further
increase or decrease of the value does not result in a better shape of the curve (in the sense of the
minimum current). A value which is set "too low" or "too high” always causes an increase of the
Torque current =P720.

7.3.2 Criteria

The following criteria should be noted for optimisation of the reluctance angle:

The objective is to achieve a minimum Torque current = P720
(? with the "correct” setting of the reluctance angle.

» For movement applications, the curve for the Torque current = P720 during the
acceleration ramp under nominal load should reach a minimum

(il Information Optimisation steps

The increments stated for the optimisation of the reluctance torque may differ depending on the application. In
addition, the increments can be selected even finer for the final optimisation steps.
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7.4 Optimisation procedure

Instructions

The following illustrations show the optimisation process of the reluctance angle IPMSM using the
example of a 3.0 kW synchronous motor (third party motor) on the basis of individual scope
recordings.
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Legend Setpoint ~P718[02] Speed encoder =P735
Torque current =P720 Actual current =P719
Step 1. Scope recording 2. Scope recording
Parameter
. P243=1° P243=2°
settings
65 Hz| zﬁuorpm B5A [ T T T F T e ot S S e S S 1 | |
60 Hzl- 2400 rpm GA 7 1 56 1 A A I i o i e e e Y it e O e
55 Hzi-2200 pmE- S5 A 5.5A
50 Hz{- 2000 mm) 5A L e A o ) 2 ) s
asvizbwoomml asal asal I I O T T T e
40 Hz}- 1600 rpm) 4 A 44
35Hzl1400mml- 25AF asaf+ 1+ + 1 L L4 1L Lt b 1Lttty
0 Hzf-1200mmE  3AR 3A
25Hz| 1000 oM} 265A) Z5A
16 Hz} eoompml 154l 1saft L L L L T
10 Hz|- 400 pm 14 1Attt UL L L L L L L8 E TP LR — !
S5Hz{- 200 mpmi- 05A 0,5 A} - | N N N ——— T
0z 0 rpm 0A oAl Startlng pOInt ------ Value¢
SHzf 200 mpml O5A O85A—— o o oo oo o L L L Ll L L Tt | L
5Es I rvs 5253 YT 575s = 55s 5755 6s 6,255 6558 75 s Ts
Step 3. Scope recording 8. Scope recording
Parameter
. P243=3° P243=8"°
settings
65 Hz| 2600 ipm|- BSAl B5A M- I~ DAL
% T R " I B g S, S RSN AR RN RN P, o pu u VR R |- | SN N N N Y N — —
0 Hz}{- 2400 ipm BA [, 52 0 S O T N TNy K O L 1 N
55 Hz{- 2200 pm|- 55A} S§5AF{—1—1—t—tt—t—t—t—A—t—t—t—t—t—t—1 S . YO N |
SOHz- 2000 pml  5AF 5 Attt L L T T \ T
45 Ml 1800 pmi- 45AF dS5AR 4ttt L e e L AT T T T T T T T T T
35 Hz{- 1400 rpm 35A b )%, | S UND U U VD N G SN U W G Y U U N S S S S D D S U U U G U —" - -
30 Hz{- 1200 rpm A A
25 Hzt- 1000 rpm|- 25AF 25A
20 Hz|- 800 rpm 2A 2 A
15 Hzy- 600 rpm 154 1,5 Ab4——"7"+r1+rttr—rrtrrrr-—tr-—t-r-v— l =__—t4+44 11ttt
10 Hz}- 400 rpm 1A 1A+ttt t+t+t+t+t+t+t+t++r+++-+-+-+r+t+t++t+-t+-++++t++-a4——-——+++ L L1 LT LT L]
SHz- 200mpm- 05AF 0SAM—2wwwwwweeerr—1+—7 - 1771171771717 7010717177111 004 L
OHzl-  Opm-  OAL  0A Valuev' |||/ [l
5 Hz{ 200 pmi- 05 AL 05 AR Value* --------------------- L
L ' 1 - - - | - - - ‘ ‘ | |
553 Bi=s 8 825 6,59 e 555 5758 ' 6s 6255 655 755 7s
Step 9. Scope recording 12. Scope recording
Parameter
. P243=9° P212=12°
settings
6 Hal- 2600 rom sxal 8 A:_a"\/_;‘_'/-_" S P i N, -uﬂ..—\ L e S, P N R I, e b L ML I S
60 Hz|- 2400 rpm A 6 A
55 Hz|- 2200 rpm 55 A 5-5A. .
50 Hef- 2000 rpm S A S A
45Hz[- 1800 mm|- 45A1 45AL
40 Hz| 1600 rpm 4 A 4 A}
35 Hzf- 1400 rpm|- 35A 3 5A-
30 Hz|- 1200 rpm 3A 3A o S aiteing Sl e = e R I
25 Hzf 1000 rpm 25A 25A}
20 Hz[- 800 rpm 2 Al 2A
15 Hz| 600 rpm 15A 15A
10 Hz|- 400 rpm 1A 1A
S5Hz|- 200 rpm 05A| 05 .ﬂ: H
O He 0mpm 04 0 Ak value* Value too hlgh¢
S Hz{- 200 pmf- 05 A[ -05 A . e S . . R
g 7 5i5s 6 8255 B5% 6i5% s T B5s  Gi5s 6s  B255  B5s  675% Ts
Fig. 60: Graph of reluctance angle IPMSM
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8 Parameter lists

Information
8.1 Basic Commissioning
Parameter List oﬂp
Device Name : Offline parameterize N
Device Type : 20xE 4,0/ 400V DRIVESYSTEMS
Database : Basic sefting parameter NORD IE4 10072-4
Filter: Release: Off, No standard value: On, Info parameter: No, Supervisor: Yes
Nr_Index Parameter Name Parameter Set 1 Parameter Set2  Par Set3  Par Setd  Unit
1 @ Select of dispvalue IS;]JI point frequency
3 0 Supervisor-Code 3
105 0 Maximum fraquency 70 50 50 50 Hz
010 Nominal frequency 70 50 50 50 Hz
2020 MNominal speed 2100 1445 1445 1445 pm
2030 Mominal current 54 83 83 83 A
204 0 Nominal voltage 385 400 400 400 v
2050 Nominal power 3 4 4 4 K
2086 0 Cosphi 0,92 08 08 08
07 0 Star Delta con. Star [0 Delta [1] Delta [1] Delta [1]
208 0 Stator resistance 1,44 344 344 344 Ohm
098 0 Mo Load Current 5.4 4.4 44 44 A
2400 EMF voltage PMSM L] o 0 o v
210 Inductivity PMSM[1] 228 20 20 20 mH
2411 Inductivity PMSM[2] 459 20 20 20 mH
2430 Reluct. angle IPMSM 10 1] 0 0 "
244 0 Peak current PMSM 14 5 5 5 A
246 0 Mass Inertia PMSM 458 5 5 5 karen®
300 0 Servo Mode On {CFC closed O {¥F C open loop) O VFC open loop) O (VF C open loop)
loop) [1] 10] ul} (0]
30 0 Incremental encodar 2048 [5)
330 0 Regulation PMSM Value CANopen
enc. [3)
B340 Encoder offsel PMSM 0,491 ey
420 1 digt inputs2] Mo function [
420 2 dight inputs(3] Mo function [0)
501 0 Inverter name
604 0 Entoder type CANopen abs. [1]
605 0 Absolute encoder(1] 12 Bl
605 1 Absolute encoder(2] 13 Bit
Parameter Number 28

15.12.2015, 16:06:30 ©MNORD CONV2.4

Fig. 61: Parameter list for basic commissioning

108

AG 0101 EN-3216



DRIVESYSTEMS

8 Parameter lists

8.2 Current control

Parameter List Noﬂp
Device Name:  Offline parameterize
Device Type : 20xE 4,0KWr400V DRIVESYSTEMS
Database : oplimized torque & field controller NORD IE4 100T2-4
Filter: Release: Off, No standard value: On, Info parameter. No, Supervisor. Yes
Nr Index Parameter Name Parameter Set 1 Parameter Set2 Parameter Set 3 Parameter Set 4 Unit
[Operating displays |
1 0 Select of disp.value Sel point frequency

[2]
3 0 Supervisor-Code 3
[Basic parameter ]
105 0 Maximum frequency 70 50 50 50 Hz
[Motor data ]
201 0 MNorminal frequency 70 50 50 50 Hz
202 0 Mominal speed 2100 1445 1445 1445 pm
030 Mormninal current 5.4 83 83 83 A
204 0 Mominal votage 385 400 400 400 v
205 0 Mominal power 3 4 4 4 Ky
206 0 Cos phi 0,92 08 0,8 08
207 0 Star Delta con, Star [0] Delta [1] Delta [1]) Delta [1)
208 0 Stator resistance 1,44 3,44 3,44 3,44 Ohm
208 0 Mo Load Current 0-=54 4.4 44 4.4 A
2400 EMF voltage PMSM k1Y) 0 0 0 v
2410 Inductivity PMSM[1] 226 20 20 20 mH
411 Inductivity PMSM[2] 459 20 20 20 mH
2430 Reluct. angle IPMSM 10 0 0 0 &
244 0 Peak current PMSM 14 5 5 5 A
46 0 Mass Inertia PMSM 458 5 5 5 kgrenm?®
[Speed control ]
300 0 Servo Mode On (CFC closed Off (VF C open loop) Off (VF C open loop) Off (VF C open loop)

loop) [1) 0] 0] 10}
301 0 Incremantal encoder 2048 [5)
3120 Torgue curr, ctrl. P 200 400 400 400 %
3130 Torque curr. ctrl | 8 50 50 50 K%ms
N5 0 Field curr. etrl. P 200 400 400 400 %
H6 0 Field curr. ctrl. | 5 50 50 50 Wms
3300 Requlation PMSM Value CANopen

enc. [3]
334 0 Encoder offset PMSM 0,4M rey
Control clamps ]
420 1 digit inputs(2) Mo function [0
420 2 digit inputs(3] No function [0]
[Extra functions ]
§01 0 Inverter name
11.01.20186, 12:10:08 @NORD CONV24 112

Fig. 62: Parameter list for optimised current control page 1
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Parameter List "oﬂp
Device Name:  Offline parameterize
Device Type: 2Ux_E f.UWWwW DRIVESYSTEMS
Datahase : optimized torque & field controller NORD IE4 100T2-4
Filter: Release: Off, No standard value: On, Info parameter. No, Supervisor: Yes
Nr Index Parameter Name Parameter Set1 Parameter Set 2 Parameter Set3 Parameter Set4 Unit
[Positioning
604 0 Encoder type CANopen abs. [1]

605 0 Absolute encoder(1] 12 Bit
605 1 Absolute encoder(2) 13 Bit
Parameter Number 32
Legend
Parameter does not depend on the parameter set
1] The value is invalid
11.01.2016, 12:10:08 @NORD CONV24 212

Fig. 63: Parameter list for optimised current control page 2
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8.3 Speed control

Parameter List

Device Name:  Offline parameterize
Device Type : 20xE 4,0k 400V
Datahase :

Filter:

optimized speed controller NORD IE4 100T2-4
Release: Of, No standard value: On, Info parameter. No, Supervisor: Yes

HorR?

DRIVESYSTEMS

Nr Index Parameter Name Parameter Set 1 Parameter Set2 Parameter Set 3 Parameter Set 4 Unit
[Operating displays |
1 0 Select of disp.value Sel point frequency

(2]
3 0 Supervisor-Code 3
[Basic parameter ]
102 0 Acceleration time 0.3 2 2 2 s
105 0 Maximum frequency 70 50 50 50 Hz
130 Jog frequency 50 0 0 0 Hz
| Motor data |
201 0 Mominal frequency 70 50 50 50 Hz
2020 Mominal speed 2100 1445 1445 1445 mm
203 0 Mominal current 5.4 83 8,3 8,3 A
204 0 MNominal votage 385 400 400 400 v
205 0 MNominal power 3 4 4 4 KW
206 0 Cos phi 0,92 0,8 0,8 0,8
2070 Star Delta con. Star [0 Deita [1] Delta [1] Deita [1]
208 0 Stator resistance 1,44 3,44 3,44 3,44 Ohm
209 0 Mo Load Current 0 44 44 44 A
240 0 EMF voltage PMEM N 0 0 0 v
241 0 Inductivity PMSM([1] 226 20 20 20 mH
2411 Inductivity PMSM[2] 459 20 20 20 mH
2430 Reluct. angle IPMSM 10 0 0 1] i
244 0 Peak current PMSM 14 5 5 5 A
246 0 Mass Inertia PMSM 458 5 5 5 kg“end®
|Speed control ]
300 0 Servo Mode On (CFC closed Off (VF C open loop) Off (VFC open loop) Off (VF C open loop)

loop) 1) [0} [0 0
301 0 Incremental encoder 2048 [5)
310 0 Speed Clrl P 200 100 100 100 %
320 Torque curr. ctrl P 200 400 400 400 %
313 0 Torgue curr. ctrl. | § 50 50 50 wms
3150 Field curr. ctrl. P 200 400 400 400 %
316 0 Field curr. ctrl. | 5 50 50 50 Wims
330 0 Regulation PMSM Value CANopen

ent. [3]
334 0 Encoder offset PMSMW 0,491 rev
|Control clamps |
420 1 digit inputs[2] No function [0]
420 2 digit inputs(3) No function (0]
[Extra functions ]
501 0 Inverter name
11.01.2016, 12:14:31 @NORD CONV24 11 2

Fig. 64: Parameter list for optimised speed control page 1
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Parameter List

Device Name:  Offline parameterize

Device Type : 20xE 4,06M/ 400V

Database : optimized speed controller NORD IE4 100T2-4

Filter: Release: Off, No standard value: On, Info parameter; No, Supervisor. Yes

DRIVESYSTEMS

HorR?

Nr Index Parameter Name

Parameter Set1 Parameter Set2 Parameter Set3 Parameter Set4 Unit

505 0 Absolute mini. freq.

|F'asi1ioning

604 0 Encoder type

605 0 Absolute encoder(1)
605 1 Absolute encoder(2)

Parameter Number

Legend

36

0 2 2

CANopen abs. [1]
12
13

Parameter does not depend on the parameter set

[] The value is invalid

2

Bit
Bit

11.01.2016, 12:14:31

@MORD CONV24

Fig. 65: Parameter list for optimised speed control page 2
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8 Parameter lists

8.4 Position control

Parameter List oRP
Device Name:  Offline parameterize “
Device Type: 2I]x.E i.waW DRIVESYSTEMS
Database : optimized postion contraller NORD IE4 10072-4
Filter: Release: Off, No standard value: On, Info parameter. No, Supervisor: Yes
Nr Index Parameter Name Parameter Set 1 Parameter Set2 Parameter Set 3 Parameter Set4  Unit
|Operating displays |
1 0 Select of disp.value Set point frequency

2]
3 0 Supervisor-Code 3
[Basic parameter ]
102 0 Acceleration time 0,3 2 2 2 s
103 0 Deceleration time 0,3 2 2 2 s
105 0 Maximum fraquency 70 50 50 50 Hz
13 0 Jog frequency 50 0 0 0 Hz
[Motor data |
201 0 Norminal frequency 70 50 50 50 Hz
2020 MNorninal spead 2100 1445 1445 1445 pm
2030 MNorminal current 5.4 8,3 83 83 A
204 0 Norminal voltage 385 400 400 400 v
205 0 Nominal power 3 4 4 4 Ky
206 0 Cos phi 0,92 0,8 0,8 08
207 0 Star Delta con. Star 0] Delta [1) Delta [1) Delta [1)
208 0 Stator resistance 1,44 3,44 3,44 3,44 Ohm
09 0 Mo Load Current 0 4.4 4.4 44 A
240 0 EMF voltage PMSM 341 0 0 0 v
241 0 Inductivity PMSM[1] 226 20 20 20 mH
241 1 Inductivity PMSM[2] 459 20 20 20 mH
2430 Reluct. angle IPMSM 10 0 0 0 =
244 0 Peak current PMSM 14 5 5 5 A
246 0 Mass Inertia PMSM 458 5 5 5 kgren®
|Speed control |
3000 Servo Mode On (CFC closed Off (VF C open loog) Off (VF C open loop) Off (VF C open loop)

loop) [1] ] (0] (0]
301 0 Incremental encoder 2048 [5)
3100 Speed Cirl P 200 100 100 100 %
N2 0 Torque curr. ctrl. P 200 400 400 400 %
A3 0 Torque curr. ctrl | 5 50 50 50 wWms
350 Field curr. ctrL P 200 400 400 400 %
316 0 Field curr. ctrl | 5 50 50 50 Y%fms
3300 Regulation PMSM Value CANopen

enc. [3]
334 0 Encoder offsel PMSM 0,491 ren
[Control clamps |
420 1 digt inputs(2] Mo function [0)
420 2 digit inputs|3] No function [0)
11.01.2018, 12:13:51 @MNORD CONV24 112
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Parameter List "OBD
Device Name : Offline parameterize
Device Type: 20xE 4,0KwW/ 400V DRIVESYSTEMS
Database : optimized posttion controller NORD |E4 10072-4
Filter: Release: Off, Mo standard value: On, Info parameter; No, Supervisor: Yes
Nr Index Parameter Name Parameter Set1 Parameter Set2 Parameter Set3 Parameter Set4  Unit
480 10 Funct. BusiO In Bits[11]  Bit 0 Pos&rr /inc

[55]
|Extra functions |
501 0 Inverter name
509 0 Source control word Uss (2
[Postioning |
600 0 Position Control lin.ramp (seffreq.) [2) Off [0) orf [0 off [0
604 0 Encoder type CANopen abs. [1)
605 0 Absolute encoder(1) 12 Bit
605 1 Absolute encoder(2) 13 Bit
611 0 P Pos. Control 35 %
613 0 position[1) 10 rey
Parameter Number 41
Legend
Parameter does not depend on the parameter set
[] The value is invalid
11.01.20186, 12:13:51 @ NORD CONV24 2/ 2

Fig. 67: Parameter list for optimised position control page 2

114

AG 0101 EN-3216



DRIVESYSTEMS 8 Parameter lists

8.5 Reluctance torque

Parameter List OBD
Device Name:  Offline Parametrierung “
Device Type: 20xE 4,0k 400V DRIVESYSTEMS
Database : optimized reluct. angle IPMSM NORD IE4 100T2-4
Filter: Release: Off, No standard value: On, Info parameter: No, Supervisor: Yes
Nr Index Parameter Name Parameter Set1 Parameter Set2 Parameter Set3 Parameter Set4 Unit
[Operating displays |
1 0 Select of disp.value Sollfrequenz [2]
3 0 Supervisor-Code -
|Basic parameter |
102 0 Acceleration time 0,3 2 2 2 s
103 0 Deceleration time 0,3 2 2 2 s
105 0 Maximum frequency 70 50 50 50 Hz
130 Jog frequency 50 0 0 0 Hz
[Motor data |
201 0 Nominal frequency 70 50 50 50 Hz
202 0 Nominal speed 2100 1445 1445 1445 pm
203 0 Norninal current 54 83 83 8,3 A
204 0 Nominal voRage 385 400 400 400 v
205 0 Nominal power 3 4 4 4 Ky
206 0 Cosphi 0,92 0,8 08 08
2070 Star Delta con. Stern [0] Dreieck [1] Dreieck [1] Dreieck [1]
208 0 Stator resistance 1,44 3,44 344 344 Ohm
209 0 No Load Current ] 44 44 4.4 A
2400 EMF voltage PMSM 3 0 0 0 v
2410 Inductivity PMSM([1] 2286 20 20 20 mH
2411 Inductivity PMSM[2] 459 20 20 20 mH
2430 Reluct. angle IPMSM 8 0 0 0 .
244 0 Peak current PMSM 14 5 5 5 A
246 0 Mass Inertia PMSM 458 5 5 5 katerr®
[Speed control |
300 0 Servo Mode An(CFC Aus(VFC open-loop) Aus(VFC open-loop) Aus(VFC open-loop)
closed-loop) [1) [0) [0] [0}
301 0 Incremental encoder 2048 [5)
300 Speed Cirl P 200 100 100 100 %
320 Torgue curr. ctrl. P 200 400 400 400 %
330 Torque curr. ctrl. | Y 50 50 50 %ms
N5 0 Field curr. ¢trl P 200 400 400 400 %
N6 0 Field curr, ctrl. | B 50 50 50 %ims
330 0 Regulation PMSM Wert v,
CANopengeber [3]
334 0 Encoder offset PMSM 0,491 rew
[Control clamps |
420 1 digit inputs[2) keine Funktion [0]
420 2 digit inputs[3] keine Funktion [0]
480 10 Funct. BuslO In Bits[11]  Bit 0 PosArr / Inc
155]
11.01.2016, 12:11:47 @NORD CONV24 1/ 2

Fig. 68: Parameter list for optimised reluctance angle page 1
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Parameter List "oﬂp
Device Name : Offline Parametrierung
Device Type : IOXIE ji,thdBtN DRIVESYSTEMS
Database : oplimized reluct. angle IPMSM NORD IE4 100T2-4
Filter: Release: Off, No standard value: On, Info parameter: No, Supervisor: Yes
Nr Index Parameter Name Parameter Set1 Parameter Set2 Parameter Set3 Parameter Set4d  Unit
Extra funclions ]

501 0 Inverter name
500 0 Source control word uss (2]
[Positioning |
600 O Pasition Conlrol Lin.Rampe(Solifreq) Aus (0] Aus (0] Aus[0]
2]
604 0 Encoder type CANMNopen absolut [1]
605 0 Absolute encoder[1) 12 Bit
605 1 Absolute encoder(2] 13 Bit
611 0 P Pos. Control 35 %
613 0 position[1] 10 rev
Parameter Numher 41
Legend
Parameter does not depend on the parameter set
[ The value is invalid
11.01.2018, 12:11:47 @MORD CONV2.4 212

Fig. 69: Parameter list for optimised reluctance angle page 2
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9 Further documentation

Information

In case of queries and for further information regarding this document, please contact Electronics
Support at Getriebebau NORD GmbH & Co. KG.

On request, further information which is required, e.g. technical data sheets which are not available
under www.nord.com - Documentation can be made available to users after technical consultation.

9.1 Manuals

Document | Name

BU 0000 NORD CON Software Manual (the Help function of the software should preferably be used)
BU 0200 SK 200E — Manual

BU 0210 POSICON for SK 200E - Manual

BU 0500 SK 5xxE — Manual (SK 500E ... SK 535E)

BU 0505 SK 54xE — Manual (SK 540E ... SK 545E)

BU 0510 POSICON for SK 500E - Position Control Manual = SK 530E

Table 7: Manuals

9.2 Technical Information / Data Sheets

9.3 TlIs - Guidelines

Document | Name

T180 0010 | Planning and Commissioning Guide for IE4 motors operated with frequency inverters

Table 8: Tls - Guidelines

9.3.1 TIs — Incremental encoder (IG)

Document | Name Supplier / Type Part No. Data sheet

[ ror &8

Enquiries to | Incremental encoder IG4 Fritz Kibler GmbH 19551020 &
Service |4096, TTL,5V,1.5m 8.5820.0H10.xxxx.5093.xXXX A0828_5_8.5820.0H1
_ 0.XXXX.5093.XXXX.pc

o

Enquiries to | Incremental encoder 1G41 Fritz Kibler GmbH 19551021 ﬁ
Service |4096, TTL,10-30V, 1.5 m |8.5820.0H30.xxxx.5093.xxxx A1495_1_8.5820.0H3
0.XXXX.5093.XXXX.pc

o

Enquiries to | Incremental encoder 1G42 Fritz Kibler GmbH 19551022 ﬁ
Service |4096, HTL, 10-30V, 1.5 m | 8.5820.0H40.xxxx.5093.xxxx A1451_0_8.5820.0H4

0.XXXX.5093.XXXX.pc

Table 9: Tls — Incremental encoder (IG)
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http://www.nord.com/cms/en/nord_group/service_1/service_electronics/cp_service_drive_electronics.jsp
http://www.nord.com/cms/en/documentation/dop_documentation.jsp
http://www.nord.com/cms/en/documentation/manuals/details_1139/detail_7430.jsp
http://www.nord.com/cms/en/documentation/manuals/details_1139/detail_42480.jsp
http://www.nord.com/cms/en/documentation/manuals/details_1139/detail_44614.jsp
http://www.nord.com/cms/en/documentation/manuals/details_1139/detail_7443.jsp
http://www.nord.com/cms/en/documentation/manuals/details_1139/detail_70272.jsp
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9.3.2 TIs - CANopen absolute encoder (AG)
Document | Name Supplier / Type Part No. Data sheet
Absolute encoder with
Enquiries to | incremental track AG1 Fritz Kiibler GmbH 19551881 ||
Service | CANopen, Single / Multiturn | 8.5888.0452.2102.S010.K014 25122522612153'1%8%'13
8192-4096/2048 TTL T
Absolute encoder with
Enquiries to | incremental track AG4 Fritz Kibler GmbH 19551886 | A
i i i A1731_4 8.5888.04
Service CANopen, Single / Multiturn | 8.5888.0400.2102.S014.K029 00.2102.5014 K029,
8192-4096/2048 HTL
Absolute encoder with .
Enquiries to | incremental track AG6 Baumer IVO GmbH & Co. KG 19556994 E}
Service | CANopen, Single / Multiturn | GXMMS.Z18 AZ4654-1.PDF
8192-65K/2048 HTL
Absolute encoder with Ei:
Enquiries to | incremental track AG3 Baumer IVO GmbH & Co. KG 19556995 Fim
Service CANopen, Single / Multiturn | GXMMS.Z10 AZ3903-1.PDF
8192-65K/2048 TTL
Table 10: Tls - CANopen absolute encoder (AG)
9.3.3 TIs - Options / Accessory components
Document | Name Supplier / Type Part No. Data sheet
- . WAGO Kontakttechnik GmbH
Enqumgs to | RJ 45 WAGO connection RJ45 connection 24 V + 278910300 in preparation
Service module

CANopen

Table 11: Options and accessory components
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10 Appendix

10.1 Abbreviations

AG Absolute encoder IG Incremental encoder
ASM Asynchronous machine / motors 10 Input / Output
BG Size IPMSM Interior Permanent Magnet Synchronous
Motor
CAN Controller Area Network PMSM Permanent Magnet Synchronous Motor
CANopen International standardised protocol Pl controller Proportional-integral controller
CFC Current Flux Control P Parameter
DIN Digital input POSICON Positioning control
ENC Special encoder extension SK Schlicht & Kiichenmeister
SCD Schematic circuit diagram SPMSM Surface Permanent Magnet Synchronous
Motor
Fl Frequency inverter
SSI Synchronous Serial Interface
HTL High Transistor Logic
Technical Inf i D h
IE1 Efficiency class of standard motors TI echnical Information / Data Sheet

(Data sheet for NORD accessories)
Efficiency class of motors with higher

IE2 . TTL Transistor-Transistor Logic
efficiency
Efficiency class of motors with even

IE4 higher efficiency, e.g. synchronous VFC Voltage Flux Control

motors
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