5.5.2.4  Configuration 210 —
Field-oriented control, speed-controlled

Configuration 210 contains the functions for speed-controlled, field-oriented control of
a 3-phase machine with speed sensor feedback. The separate control of torque and
flux-forming current enables a high drive dynamism with a high moment of load. The
necessary speed sensor feedback leads to a precise speed and torque behavior.

X210A
[1]+24v/180mA [X210A.1 | Supply voltage

GND 24V X210A.2 |-

S1IND X210A.3 | Controller release / Error

S2IND acknowledgment
1 S3IND X210A.4_| Start clockwise
) gg:mg X210A.5 | Start anticlockwise

X210A.6 | Speed sensor track B

N
=
o

X210A.7 | Speed sensor track A
X210B
S6IND

GND 24V X210B.1 | Motor thermal contact
S10UT X210B.2 |-
MFO1A X210B.3 | Operating report
+10V/4mA  [X210B.4 |Analog signal proportional to the
MFI1A actual frequency
GND 10V X210B.5 | Supply reference value
potentiometer
X210B.6 | Reference speed 0 to +10V

X210B.7 |-

5.5.2.5 Configuration 230 — Field-oriented control,
speed and torque controlled

Configuration 230 extends configuration 210 by functions for torque-dependent field-
oriented control. The reference torque is represented as a percentage and
transmitted to a corresponding operating behavior of the application. The switch-over
between variable-speed control and torque-dependent control is done via a digital
control input.

X210A

1] +24V/180mA [X210A.1 | Supply voltage
| 2| GND 24V X210A.2 |-

‘:::_3 S1IND X210A.3 | Controller release / Error

e _‘51 gg:mg acknowledgment

+A' B 6] a4IND X210A.4 | Start clockwise
) AT S5IND X210A.5 | Change-over control function

— X210A.6 | Speed sensor track B

N
=
o

X210A.7 | Speed sensor track A
X210B
S6IND

GND 24V X210B.1 | Motor thermal contact
S10UT X210B.2 |-
MFO1A X210B.3 | Operating report
+10V/4mA  [X210B.4 |Analog signal proportional to the
MFI1D actual frequency
GND 10V X210B.5 | Supply voltage
X210B.6 | Fixed percentage 1 value change-
over
X210B.7 |-
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5.6 Optional components

The frequency inverters are easy to integrate into the automation concept thanks to
the modular hardware components. The modules available as a standard feature or
customer-specifically are recognized upon initialization and the control functionality
automatically adapted. The necessary information of installation and handling of the
optional extensions can be found in the matching documentation.

@ Operating unit KP500
Connection of the optional operating unit KP500 or an
interface adapter KP232.

® Communication module CM

@ Plug-in section for a connection to various communication
protocols:

CM-232, RS232 interface
CM-485, RS485 interface
CM-LON, LON interface
CM-PDP, Profibus—DP interface
CM-CAN, CANopen interface

@ Extension module EM

@ Plug-in section for customer-specific adaptation of the
control inputs and outputs to various applications:

EM-ENC, extended speed sensor evaluation,

EM-I/O, analog and digital inputs and outputs

EM-SYS, system bus

(System bus in combination with the CM-CAN
communication module on request)

Danger: Assembly and dismantling the hardware modules at plug-in sections B
and C may only be done if the frequency inverter has been safely
switched off. Work may only be done after a waiting time of some

minutes until the DC link capacitors are discharged.
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6 Operating unit KP500

The parameterization, parameter display and control of the frequency inverter can be
done via the optional operating unit KP500.

The operating unit is not absolutely necessary for the operation of the frequency
inverter and can added on if necessary.

I

WS

Q RUN | Start of the drive mechanism and change to the CTRL menu.
Pressing the RUN key branches to the motor potentiometer function.
STOP |Change to the CTRL menu and stop of the drive mechanism.
Acknowledge fault.
® | A Y |Navigation in the menu structure and selection of parameters.
Enlarge or reduce parameter values.
ENT | Call parameters or change within the menu structure.
Confirmation of the selection function or the parameter.
ESC | Quitting parameters or return within the menu structure. cancellation of
the function or reset of the parameter value.
FUN | Switch-over of the key function and access to special functions.

Three-digit 7-segment display to show the parameter number

Single-digit 7-segment display for the active data set, direction of rotation etc.

0e®

Display of the selected menu branch:

VAL Display actual values

PARA | Parameter selection and editing of the parameter values

CTRL | Selection of functions which can be used via the operating unit:
SEtUP Guided commissioning
CtrL  Motorpoti and jog function

CPY Copy function of the parameters via the operating unit:

ALL  All the parameter values are copied
FOr  Memory in the operating unit is formatted or deleted

@® | Status and operating messages:

WARN | Warning about a critical operating behavior
FAULT [ Fault switch-off with the matching message
RUN Flashing signalizes readiness for operation
Lighting signalizes operation and release of the power part
REM Active remote control via interface connection
F Function switch-over with the FUN key

Five-digit 7-segment display for parameter value and sign

Phys. unit for the parameter value displayed

Active acceleration or deceleration ramp

o0

Current direction of rotation of the drive mechanism
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6.1 Menu structure

The menu structure is arranged via the operating unit according to the graphic
overview. The PC program structures the functions and parameters functionally on
various levels. The complete information is stored in the software and enables flexible
use of the options for parameterization and control of the frequency inverters.

A \2

ocoooo

e (RUN)|

coooo

o[l - e -
Ml el
[ R I

SEEUP

6.2 Main menu (MENU)

The various parameters and information of the frequency inverters can be displayed
with the help of the operating unit. The menu structure thematically groups the
various functions and parameters in four menu branches. Within the menu structure,
you change to the main menu by pressing the ESC key for a long time or pressing it
repeatedly.

o A em Menu branch VAL

Display of actual values

oo coooo

v Menu branch PARA
Display and change of parameters

Menu branch CPY
Copy function of the parameters

cocoo Menu branch CTRL
v Selection of control and test functions

PARA

coocoo

You select the required menu branch with the arrow keys. The selected menu branch
is shown flashing on the display.

Select the menu branch by pressing the ENT key. The display changes to the first
parameter of the first function in the selected menu branch.

Pressing the ESC key leads back to the main menu of the operating unit.

A+VY Navigation in the menu structure and selection of a menu branch
ENT Transition into the selected menu branch
ESC Quitting the menu branch and return to the main menu.
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6.3

Actual value menu (VAL)

In the VAL menu branch, the operating unit displays a variety of actual values as a
function of the configuration selected and the options installed. The operating
instructions document the parameters and the basic functions of the software
connected with the actual value in question.

vaL

= e

s/«[ 5

G ®

With the help of the arrow keys, select the required number from the actual
values displayed in numerical order.

Actual value parameters capable of a data set switch are displayed in the
current data set with the matching data set number. The seven-segment display
shows data set 0 if the actual values in the four data sets are identical.

A+V Change to actual value parameter on switch-on
FUN, A Display of last actual value parameters (highest number)
FUN, V¥V Display of first actual value parameters (lowest number)

By pressing the ENT key, you select the actual value that is displayed with the
current parameter value, unit and active data set.

©]
[C]

In the course of the commissioning, operating and error analysis, it is possible
to monitor each actual value parameter.

Some of the actual value parameters have been arranged in the four available
data sets. If the parameter values in the four data sets are identical, the actual
value is displayed in data set 0. Differing actual values in the four data sets are
marked in data set 0 by the display dIFF.

A,V Change of the data set with adjustable actual values

FUN, A Maximum actual value is continuously determined and displayed

FUN, Vv Minimum actual value is continuously determined and displayed

FUN, ENT |Mean value of the actual value dimension in the period of
monitoring

The selected actual value is stored as a parameter at switch-on by pressing the
ENT key. The message SEt with the parameter number appears for a short
time. When the frequency inverter is switched on, this actual value is
automatically displayed in future.

After the parameter has been stored, you can monitor and display the value
again. By pressing the ESC key, you change into the parameter selection of the
VAL menu branch.
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6.4

Parameter menu (PARA)

The parameters inquired within the guided commissioning have been selected from
known applications and can be supplemented as required by further settings in the
PARA menu branch. The operating instructions document the parameters and the
basic functions of the software connected with the actual value in question.

© 3 g » 318 o
® - HOfD - | SEE
R YoF Mg e ==
4000 « e BO0E v | o ®

With the help of the arrow keys, select the required number from the
parameters displayed in numerical order.

Actual value parameters capable of a data set switch are displayed in the
current data set with the matching data set number. The seven-segment display
shows data set 0 if the actual values in the four data sets are identical.

A+V Change to the last parameter altered
FUN, A Display of last parameters (highest number)
FUN, Vv Display of first parameters (lowest number)

By pressing the ENT key, you select the actual value that is displayed with the
current parameter value, unit and active data set. Settings in data set O change
the parameter values in the four data sets.

The arrow keys enable adaptation of the parameter value. The value can be
changed or an operating mode selected as a function of the parameter.
Pressing the arrow keys for a long time increases the value of the change. The
change speed is reduced to a tenth of the value difference previously reached
after an interruption. If the parameter starts to flash, the increment has been
returned to the starting value.

A+V Parameter is set to the factory setting

FUN, A Parameter is set to the highest setting

FUN, ¥V Parameter is set to the smallest setting

FUN, ENT | Change of the data set with adjustable parameters

The parameter value is stored by pressing the ENT key. For a short time, the
message SEt with the parameter number and the data set is displayed. If you
would like to quit the parameter without an alteration, press the ESC key.

Errl: EEPrO | Parameter has not been stored

Err2: StOP | Parameter can only be read in operation

Err3: Error | Other kind of error

i

After the parameter has been stored, you can change the value again or
change to the parameter selection by pressing the ESC key.
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6.5 Copy menu (CPY)

The copy function of the operating unit enables a copying of parameter values from
the frequency inverter into a non-volatile memory (upload) in the operating unit and
storing the values back (download) into a frequency inverter.

The parameterization of recurring applications is facilitated by the copy function. The
function archives all the parameters, regardless of the access control and the value
range. The memory space available in the operating unit for four files is dynamically
scaled to match the scope of the data.

6.5.1 Reading the stored information

If the CPY menu branch is called, information about the data SE
stored in the operating unit must be read out. This process

takes a few seconds. For this duration, init and a progress E
display are shown. After the initialization, the function can be 1 0
selected in the copy menu.

If the existing memory information in the operating unit is not E@
valid, the initialization is stopped with an error message.

In this case, the memory in the operating unit must be EU;U;
formatted. Please take the following steps:

1. Confirm the fault message with the ENT key.
2. With the help of the arrow keys, select the Format function HE
of the memory FOr and confirm the selection with the ENT

i
key. F ﬂ =

3. For the duration of the formatting, the display shows the
sign FCOPY and a progress display.

4. The process if complete after a few seconds. The display
shows rdY. o

Confirm the display with the ENT key. U:ﬂ

7
A

5. Now, you can continue with the selection of the copy
function.

6.5.2 Menu structure

The copy menu CPY is structured in two principal part functions. With the help of the
arrow keys, a selection can be made between the memory functionality and deletion
of the stored data. The source and the target are to be selected for the process. The
three-digit seven-segment display gives information about the free memory space in
the non-volatile memory of the operating unit.

Function — FOr H@E

The FOr function provides the functionality for formatting and o
deleting the memory in the operating unit. This can be FE
necessary in the first use of a new operating unit. r
Function — ALL 1@

All the read and write-capable parameter values are il
transferred. For a normal copying process, confirm this HH:B:

selection with the ENT key and continue with the selection of
the source.
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6.5.3 Selection of the source

The ALL part function in the CPY menu branch is to be parameterized specific to the
application. With the help of the arrow keys, select the origin of the data for the copy
process from the sources available (upload). The seven-segment display shows the
free memory space in the operating unit.

Src. 0 The data of the four data sets of the frequency inverter are copied
Src. 1 The data from data set 1 are copied

Src. 2 The data from data set 2 are copied

Src. 3 The data from data set 3 are copied

Src. 4 The data from data set 4 are copied

Src. E An empty data set for deletion of a file in the operating unit

Src. F1 |File 1 is transferred from the memory

Src. F2 | File 2 is transferred from the memory

Src. F3 | File 3 is transferred from the memory

Src. F4 | File 4 is transferred from the memory

6.5.4 Selection of the target

The target for the copy process is likewise to be parameterized specific to the
application. The data source is transferred to the selected target (download). The
targets available correspond to the logical allocation of the data source selected.

dst. The four data sets of the frequency inverter are overwritten

dst. The data are copied into data set 1

0

1
dst. 2 The data are copied into data set 2
dst. 3 The data are copied into data set 3

dst. 4 The data are copied into data set 4

dSt. F1 | The data are transferred into file 1

dSt. F2 [ The data are transferred into file 2

dSt. F3 [ The data are transferred into file 3

dSt. F4 | The data are transferred into file 4

6.5.5 Copy process

Warning:  Transmission of the parameter setting to the frequency inverter
demands examination of the individual parameter values.
The value range and the parameter setting can differ according to the
power range of the frequency inverter. Transmission of parameter
values outside the value range leads to an error message.

The display shows COPY during the copy process and, as a 31@
process display, the number of the parameter currently being

copied. Parameters that have no importance for the selected E@P%ﬂ
configuration are also copied.

cPY

The copy process is complete after about 100 seconds and the ggg

display shows rdY. o
By pressing the ENT key, you change the display to the copy ﬁ%
menu and with the help of the ESC key to the selection of the [P
target.
If the ESC key is pressed during the copy process, the copy 151

cPY

process is stopped and the data transmitted incomplete. The
display shows Abr and the number of the last parameter which %hﬂ:
was copied.

The ENT key leads back to the selection in the copy menu and

the ESC key to the selection of the target.
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6.5.6 Error messages

The copy function archives all the parameters regardless of the
access control and the value range. Some of the parameters
are only write-capable if the frequency inverter is not in
operation. The controller release (S1IND) may not be activated
during the copy process and leads to a stoppage of the data
transmission. The display shows FUF and the number of the
last parameter which was copied. If the controller release is
deactivated again, the interrupted copy process is continued.

The data transmission from the selected source to the target is
continuously monitored by the copy function. If an error occurs,

ELl

FUF

=t

=24

the copy process is stopped and the message Err is displayed EBDDD
with an error key.

Key Meaning
0 1 | Writing error in the memory of the operating unit;
repeat the copy function or format the memory in the case of a multiple
error.
2 | Reading error in the memory of the operating unit;
repeat the copy function or format the memory in the case of a multiple
error.
3 | The memory size of the operating unit has been established wrongly; if
this error occurs repeatedly, replace the operating unit.
4 | Insufficient memory space, the data are incomplete;
delete the incomplete file and data no longer required from the
operating unit.
5 | The communication has been disturbed or interrupted;
repeat the copy function, delete the incomplete file if necessary.
1 0 | Invalid identification of a file in the operating unit;
delete faulty file and format memory if necessary.
2 | The memory space of the selected target file is occupied,;
delete file or use different target file in the operating unit.
3 | The source file to be read in the operating unit is empty;
only select files containing sensible data as a source.
4 | Faulty file in the operating unit;
delete faulty file and format memory if necessary.
2 0 | The memory in the operating unit is not formatted;
implement the part function for formatting in the copy menu.
3 0 | Reading error of a parameter from the frequency inverter;
check connection and repeat reading process.
1 | Writing error of a parameter from the frequency inverter;
check connection and repeat reading process.
2 | Unknown parameter type;
delete faulty file and format memory if necessary.
4 0 | The communication has been disturbed or interrupted;
repeat the copy function, delete the incomplete file if necessary.
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6.6

Control menu (CTRL)

The control of the frequency inverters can be done with the help of the operating unit.
In the CTRL menu branch, various functions facilitating a commissioning and
enabling control via the operating unit can be selected.

The control of the frequency inverters via an optional communication module can be
parameterized with the help of the parameter Local/Remote 412. With the help of the
parameter, the possibilities of control that can be available can be selected or limited.
The control menu is only partly available as a function of the operating mode
selected.

Control via contacts

The Start and Stop command as well as the statement
of the direction of rotation are via digital signals.

The Start and Stop command as well as the statement

1- Control via . of the direction of rotation are via the DRIVECOM State
State machine . A
machine of the communication interface.
. The Start and Stop command as well as the statement
Control via L . f b
2- remote contacts of the direction of rotation are via logic signals by the
communication protocol.
The Start and Stop command comes from the operating
Cont. Keypad, ) e ) .
3- Dir. rot. contacts unit anq the statement of the direction of rotation via
digital signals.
The Start and Stop command comes from the operating
4- g?rn:'otKig:ncom” unit or via digital signals. The statement of the direction
T ) of rotation only with the help of the digital signals.
13- Control. Keypad, The Start and Stop command as well as the statement
Dir. rot. Keypad of the direction of rotation are via the operating unit.
The Start and Stop command comes from the operating
14 - gt" Krgt+KceontZ§t, unit or via digital signals. The statement of the direction
- fot. Reyp of rotation only with the help of the operating unit.
The Start and Stop command is via digital signals. The
Control contacts, L - -
20 - ) statement of the direction of rotation is fixed, only
only clockwise )
clockwise.
The Start and Stop command is via the operating unit.
23 - Control Key_pad, The statement of the direction of rotation is fixed, only
only clockwise :
clockwise.
Control. contacts + The Start and Stop command comes from the operating
24 - Kp onI. clockwise unit or via digital signals. The statement of the direction
»only of rotation is fixed, only clockwise.
Operating mode 20 to 24, direction of rotation only
301034 anticlockwise.
Control KP The Start and Stop command is via the operating unit.
43 - . ! The statement of the direction of rotation comes from
Dir. rot. contact + KP ) : o
the operating unit or via digital signals.
The Start and Stop command and the statement of the
Control contact + KP, | ..~ = - : . )
-2 direction of rotation come from the operating unit or via
Dir. rot. contact + KP P ]
digital signals.
Warning: Control of the drive mechanism via the operating unit demands the

release of the power component via the digital input controller release
S1IND. To avoid serious physical injuries or considerable damage to
property, only qualified persons may work on the devices. Qualified
means people who are acquainted with the erection, assembly,
commissioning and operation and have corresponding qualifications for
their activity. The documentation is to be read carefully beforehand and
the safety instructions are to be obeyed.
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6.7 Control motor via the operating unit

The operating unit enables control of the connected motor in accordance with the
selected operating mode of the parameter Local/Remote 412.

Warning:

Control of the drive mechanism via the operating unit demands the
release of the power component via the digital input controller release
S1IND. To avoid serious physical injuries or considerable damage to
property, only qualified persons may work on the devices. Qualified
means people who are acquainted with the erection, assembly,
commissioning and operation and have corresponding qualifications for
their activity. The documentation is to be read carefully beforehand and

the safety instructions are to be obeyed.

The CTRL menu branch can be reached via the navigation oL
within the menu structure. The CtrL function contains sub- F )
functions which can be displayed according to the operating L&fﬂ:

point of the frequency inverter.

Pressing the RUN key leads to a direct change from anywhere
within the menu structure to the motorpoti function Pot or the
internal reference value int.

Motorpoti function Pot

With the help of the arrow keys, the output frequency of the
frequency inverter can be set from the minimum frequency 418
to the maximum frequency 419. The acceleration corresponds
to the factory setting (2 Hz/s) for the parameter Ramp Keypad-
Motorpoti 473. The parameters Acceleration (clockwise) 420
and Deceleration (clockwise) 421 are taken into account with
lower acceleration values.

Internal reference value int

The drive mechanism is in operation and the current actual
value is being displayed. By pressing the arrow keys, you
change into the motorpoti function Pot, with the current value
of the frequency being taken over.

JOG frequency JOG

By pressing the FUN key, you change from the internal
reference value int or the motorpoti function Pot to the JOG
frequency 489. The frequency can be set with the help of the
arrow keys. If the FUN key is released, the drive mechanism
stops and the display changes to the output function Pot or int.
The last frequency value is stored in the parameter JOG
frequency 489.

ENT Adjustment of the direction of rotation independent of the control signal on

the terminals clockwise S2IND or anticlockwise S3IND.

ESC Quit function and change back into the menu structure.

FUN Pressing the key changes to the JOG frequency and drive mechanism
starts. Releasing the key changes to the sub-function and stops the drive
mechanism.

RUN Start drive mechanism; alternative to control signal S2IND or S3IND

STOP Stop drive mechanism; alternative to control signal S2IND or S3IND

Attention: The ENT key results in a change of direction of rotation independent

of the signal on the terminals clockwise S2IND or anticlockwise S3IND.
If the minimum frequency 418 has been set to 0.00 Hz, there is a
change of direction of rotation of the motor with a change of sign of
the reference frequency value.
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7 Commissioning of the frequency inverter
7.1 Switching mains voltage on

After the installation work has been completed, all the control and power connections
should be checked again before the mains voltage is switched on. If all the electrical
connections are correct, please make sure that the release of the frequency inverter
has been switched off (control output S1IND open). After the mains voltage has been
switched on, the frequency inverter carries out a self-test and the relay output (X10)
reports "Fault".

The frequency inverter concludes the self-test after a few seconds, the relay reacts
and reports "No fault ".

In the state on delivery and after adjustment of the factory setting, the guided
commissioning is automatically called. The operating unit shows the menu point
“SEtUP* from the CTRL menu branch.

7.2 Set-up with the operating unit

The guided commissioning of the frequency inverter finds all the parameter settings
relevant for the desired application. The selection of the available parameters has
been derived from the known standard applications of drive technique. This facilitates
the selection of the important parameters. After a successful completion of the
SETUP routine, the actual value Actual frequency 241 from the VAL menu branch is
displayed in the operating unit. After this, the user should check whether further
parameters are relevant for the application.

Attention: The guided commissioning contains the function for parameter
identification. With a measurement, the parameters are determined and
set accordingly. Before the start of the measurement, the motor should
not yet have been operated, as a part of the machine data depends
upon the operating temperature.

The guided commissioning appears automatically in the state upon omRL
delivery. Following a successful commissioning, you can select the
CTRL sub-menu in the main menu and call the function once more. EEBDB:

o
By pressing the ENT key, you change to the CTRL sub-menu. In -
this sub-menu, you use the arrow keys to select the menu point e
“SEtUP* and confirm it with the ENT key. gEEHjF

b d

As a function of the selected Control level 28 the configurations .
available are automatically displayed to you. The operating %ﬂ R
instructions document the configurations described in the following
chapter. With the help of the arrow keys, select the number of the 8 gﬂ
required configuration and confirm the input with the ENT key. ¥
If the configuration has been altered, the hardware and software A

functionality are configured. After the initialization, please confirm
the selected configuration once more and continue the guided
commissioning.
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7.2.1 Configuration

The Configuration 30 determines the occupancy and basic function of the control
inputs and outputs and the software functions. The software of the frequency inverter
provides a number of configurations for selection. The configurations essentially differ
in the way in which the drive mechanism is controlled. The analog and digital inputs
are to be combined within the configuration and supplemented by optional
communication protocols. The operating instructions describe the following
configurations and matching parameters on the third Control level 28.

Configuration 110, sensor-less control

Configuration 110 contains the functions for variable-speed controls of a 3-phase
machine in a large number of standard applications. The motor speed is set
according to the V/f characteristic in accordance with the ratio of voltage and
frequency.

Configuration 111, sensor-less control with technology controller
Configuration 111 extends the sensor-less control by software functions that
facilitate customer-specific adaptation in various applications. The technology
controller, the volume flow control and the V-belt monitoring are to be used
relative to the application.

Configuration 410, sensor-less field-oriented control

Configuration 410 contains the functions for sensor-less, field-oriented control of
a 3-phase machine. The current motor speed is determined from the present
currents and voltages in combination with the machine parameters. Parallel
switching of 3-phase motors is only restrictedly possible in this configuration.

Configuration 210, field-oriented control

Configuration 210 contains the functions for speed-controlled, field-oriented
control of a 3-phase machine with speed sensor feedback. The separate control
of torque and flux-forming current enables high drive dynamism with a high
moment of load. The necessary speed sensor feedback leads to a precise speed
and torque behavior.

Configuration 230, field-oriented control with torque control

Configuration 230 extends configuration 210 by functions for torque-dependent
field-oriented control. The reference torque is represented as a percentage and
transmitted to a corresponding operating behavior of the application. The switch-
over between variable-speed control and torque-dependent control is done via a
digital control input.

7.2.2 Data set

ﬁg cR: The parameter Data set enables a selection between four data sets for storing
parameter settings.

In data set O, data sets 1 to 4 are stored with the same parameter values. The
standard application of the frequency inverter, without use of the data set switch-over,
uses data set 1.

Parameter dS Function
0 All data sets (DS0)
1 Data set 1 (DS1)
2 Data set 2 (DS2)
3 Data set 3 (DS3)
4 Data set 4 (DS4)
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7.2.3 Motor type

The properties of the control functions and methods to be set vary with the motor
connected. The parameter Motor type 369 provides a selection of motor variants with
the matching table values. The check of the rated values input and the guided
commissioning take the parameterized motor type into account. The selection of
motor types varies according to the applications of the various control functions and
methods. The operating instructions describe the functionality and the operating
behavior for the 3-phase motor.

0 - Unknown The motor is not one of the standard types
1- Asynchronous Three-phase asynchronous motor, squirrel cage
2 - Synchronous Three-phase synchronous motor
3 - Reluctance Three-phase reluctance motor
10 - Transformer Transformer with three primary windings
Note: The setting of the motor type leads to differing results in the inquiry and

pre-setting of the relevant parameters. A faulty input can lead to damage
to the drive mechanism.

After this, you enter the machine data appearing in a tabular order, which are
described in the following chapters. Confirm the input of the parameters and the
selection by pressing the ENT key. Navigate between the parameters and change the
necessary value with the help of the cursors. After input of the machine data, the
calculation or examination of the parameters is automatically started. The display
briefly changes to CALC, in order to continue the guided commissioning with the
parameter identification if the check of the machine data is successful.

724 Machine data

The machine data to be input in the following sequence of the guided commissioning
can be seen on the rating plate or the data sheet of the motor. The factory settings of
the machine parameters are relative to the reference data of the frequency inverter
and to the applicable four-poled three-phase motor. The machine data necessary for
the control functions and methods are calculated in the course of the commissioning
from the settings that have been checked for plausibility. The rated values for the
three-phase motor stated by the factory are to be checked by the user.

No. Description Min. Max. Fact. sett.
370 | Rated voltage 0.17-Ugy 2-Ugiy Urin
371 | Rated current 0.01-lgy 10-0:lgiy leny
372 | Rated speed 96 min" | 60,000 min™" Ny
374 | Rated cosine Phi 0.01 1.00 CoS(Q)n
375 | Rated frequency 10.00 Hz | 1000.00 Hz 50.00
376 | Rated mechanical power 0.01-Pgiy 10-Peny Pein

Attention: The guided commissioning takes the increase of the rated speed with
constant torque into account by switching over the motor winding from
star to delta connection. The rated data are to be parameterized
according to the rating plate of the motor for the switching of the motor
winding. The increased rated current of the connected three-phase
motor is to be taken into account.
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7.2.5

Configurations 210 and 230 of the field-oriented control demand the connection of an
incremental speed sensor. The track signals of the speed sensor are to be connected

Speed sensor

data

to digital inputs S5IND (track A) and S4IND (track B).
The Operation mode speed sensor 1 490 defines the form of measurement.

Speed measurement is not active; the digital inputs

Evaluation negative

0- off are available for further functions.
Two-channel speed sensor with recognition of
1- Single Evaluation direction of rotation via track signals A and B;
one signal edge is evaluated per division mark.
Two-channel speed sensor with recognition of
4 - Quadruple Evaluation |direction of rotation via track signals A and B;
four signal edges are evaluated per division mark.
One-channel speed sensor via track signal A. The
11 - Single actual speed value is positive. One signal edge is
Evaluation unsigned | evaluated per division mark. The digital input S4IND is
available for further functions.
One-channel speed sensor via track signal A. The
12- Double actual speed value is positive. Two signal edges are
Evaluation unsigned | evaluated per division mark. The digital input S4IND is
available for further functions.
101 - Single Like operation mode 1. The actual speed value is
Evaluation inverted inverted. (Alternative to exchanging the track signals)
104 - Quadruple Like operation mode 4. The actual speed value is
Evaluation inverted inverted. (Alternative to exchanging the track signals)
111 - Single Like operation mode 11. The actual speed value is
Evaluation negative negative.
112 - Double Like operation mode 12. The actual speed value is

negative.

The number of increments of the speed sensor is to be parameterized via the

parameter Division marks, speed sensor 1 491.

[No. |

Description

[ Min. | Max. [ Fact. sett.

l

[ 491 [ Division marks, speed sensor 1 | 1 [ 8192 | 1024
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7.2.6 Plausibility check

Checking the machine data should only be omitted by an expert user. The
configurations contain complex control systems that are essentially dependent on the
correct input of the machine parameters. The warning and error reports shown in the
test sequence must therefore be obeyed. If a critical condition is recognized in the
sequence of the guided commissioning, it is displayed on the operating unit. A
warning or error message matching the deviation from the expected parameter value
is displayed.

The warning message can be acknowledged with the ENT key and the guided
commissioning is continued. A correction of the input parameter values can be done
by a subsequent pressing of the ESC key.

Code Measures / Remedy

SA000 No warning message exists. This message can be read out via an optional
communication card.

The Rated voltage 370 is outside the inverter nominal voltage range. The
SA001 | maximum reference voltage is stated on the rating plate of the frequency
inverter.

The Rated current 371, the Rated power 376 and the Rated voltage 370
SA002 |are to be checked. The calculated efficiency is in the threshold area for a
three-phased motor.

SA003 | The Rated cosine phi 374 is outside the standard range (0.6 to 0.95).

The Rated speed 372 and the Rated frequency 375 are to be checked. The
SA004 o
slip is in the threshold area for a three-phase motor.

If an error message appears, the parameterized rated data are to be checked and
input again. The guided commissioning is repeated until error-free input of the rated
values. Premature ending of the guided commissioning with the help of the ESC key
should only be done by expert users, as a part of the rated data is not correct.

Code Measures / Remedy

SFO000 | No error message exists

SF001 | The input Rated current 371 is too low.

The Rated current 371 is too high relative to the Rated power 376 and the

SFo02 Rated voltage 370.

SF003 | The Rated cosine phi 374 is faulty (larger than 1 or smaller than 0.3).

SF004 The slip frequency calculated from the reference values is negative. The
Rated speed 372 and the Rated frequency 375 are to be checked.

The input Rated speed 372 and the Rated frequency 375 are to be checked

F X .
SF005 as the calculated slip frequency is too large.

SFO06 The overall output of the drive mechanism calculated from the reference
data is lower than the rated power input.

SF007 | The set configuration is not supported by the guided commissioning.
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7.2.7 Parameter identification

As a supplement to the parameterized rated data, the selected configuration
demands knowledge of further machine data not stated on the rating plate of the
three-phase machine. As a supplement to the manufacturer's data sheet or as an
alternative, the guided commissioning can measure the necessary machine data. The
variables measured with the drive mechanism at a standstill are input directly or
following a calculation for the parameter. The sequence and the duration of the
parameter identification varies according to the machine connection and the device
output. The PAIdE display is to be confirmed by pressing the ENT key. The load
connected is measured in the following sequence of the parameter identification with
the displayed signals.

After checking the input machine data, the guided commissioning changes to the
functions of the parameter identification. The security functions of the frequency
inverter prevent the release of the power component without switching on digital input
S1IND. If a signal has been applied at the start of the guided commissioning, the FUF
message is not displayed.

Warning:  The parameter identification of the frequency inverter demands the
release of the power component. To avoid serious physical injury or
considerable damage to property, only qualified people may work on the
devices. Qualified means people who are acquainted with erection,
assembly, commissioning and operation of frequency inverters or who
have qualifications corresponding to their activity. The necessary
documentation must therefore be read carefully and the safety
information obeyed.

The final message rEAdY is to be confirmed with the ENT key. Cancellation by
pressing the ESC key or withholding the release S1IND leads to an incomplete take-
over of values.

7.2.8 Application data

The varied drive applications with the parameter settings resulting from them demand
the check of further parameters. The parameters inquired within the guided
commissioning have been selected from known applications and are to be
supplemented by further settings in the PARA menu branch after completion of the
commissioning.

No. Description Min. Max. Fact. sett.
420 | Acceleration (clockwise) 0.00 Hz/s | 999.99 Hz/s | 5.00 Hz/s
421 | Deceleration (clockwise) 0.00 Hz/s | 999.99 Hz/s | 5.00 Hz/s

Attention:  The deceleration of the drive mechanism is monitored in the parameter
setting Voltage controller operation mode 670 from the factory settings.
The deceleration ramp can be extended with an increase in the DC link
voltage in generator operation or in the braking process.
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The multifunctional input MFI1 is to be parameterized in Operation mode 452
according to the reference value signal. Operation mode 3 should only be selected by
expert users who would like to use a drive mechanism control via Fixed frequency 1
480 and Fixed frequency 2 481.

1- Voltage input Voltage signal (MFI1A), OV to 10V
2 - Current input Current signal (MFI1A), OmA to 20mA
3 - Digital input Digital signal (MFI1D), OV to 24V

i

&
ch B

The operating unit shows the message End, which you confirm with the ENT key. The
guided commissioning of the frequency inverter is ended with a reset and the
initialization of the frequency inverter. Relay output X10 reports a fault in the
initialization.

Following the faulty initialization of the frequency inverter, the parameter Actual
frequency 241 defined in the factory settings is displayed. If there is a signal on digital
input 1 and on digital input 2 or digital input 3, the drive mechanism is accelerated to
the set Minimum frequency 418 (factory setting: 3.50 Hz)

The guided commissioning facilitates selection of the important parameters for you
and finds further rated data of the motor. If the settings of the parameters have been
done via the optional operating software or in the PARA menu branch of the
operating unit, the display of the selected actual value is to be activated manually.
When the frequency inverter is switched on, the set-up function appears, which you
quit with the ESC key. Change to the VAL menu branch and select the required
actual value that is to be displayed in future. By pressing the ENT key, the value of
the parameter is displayed and selected as the actual value in a new start by
repeated pressing of the ENT key.

7.3 Check direction of rotation

The interconnection of reference value and actual direction of rotation of the drive
mechanism is to be checked. A check should be done as follows. State a reference
value of about 10% and briefly switch on the release of the frequency inverter (control
inputs FUF (S1IND) and STR (S2IND) for clockwise or FUF (S1IND) and STL
(S3IND) for anticlockwise). In the acceleration of the drive mechanism, check whether
the motor shaft turns in the right direction. In addition to a check of the drive
mechanism, corresponding actual values and operating messages can be read out
with the help of the operating unit. If for example, a wrong direction of rotation is
established, two motor phases, e.g. U and V, are to be exchanged on the terminals of
the frequency inverter. The mains side connection of the frequency inverter has no
effects on the direction of rotation of the drive mechanism.

Within the field-oriented control with incremental speed sensor, the actual value is
compared with the nominal value via the Speed Sensor monitoring 760. The faulty
registered direction of rotation demands not only a check of the motor connection, but
also a check of the digital inputs S5IND (track A) and S4IND (track B).

Note: The commissioning of the frequency inverter has been completed and
can now be supplemented by further settings in the PARA menu. The
set parameters have been selected in such a way that they are
sufficient for a commissioning in most cases of application. The
checking of the further settings relevant for the application is to be done
on the basis of the operating instructions.

45



7.4 Set-up via the communication interface

The parameterization and commissioning of the frequency inverter via one of the
optional communication interfaces contains the functions of the plausibility check and
the parameter identification. Before starting, the documentation is to be read carefully
and the safety information to be obeyed, as the relevant parameter settings are to be
parameterized independently by the expert user. The parameter selection within the
guided commissioning contains the underlying parameters of known standard
applications of the configuration in question and can be used as a guideline.

The parameter SETUP Select 796 defines the function that is directly implemented.
The operation modes share the steps automatically following one another in the
course of the guided commissioning.

0 - Clear Status

The auto set-up does not implement a function

1- Continue

The warning message is acknowledged and the
auto set-up continued.

2 - Abort

The auto set-up is stopped and a RESET of the
frequency inverter implemented.

10 - Complete Setup, DSO

The auto set-up is implemented in data set 0 and
the parameter values are stored identically in all
four data sets.

11 - Complete Setup, DS1

The parameter values of the auto set-up are stored
in data set 1.

12 - Complete Setup, DS2

The parameter values of the auto set-up are stored
in data set 2.

13- Complete Setup, DS3

The parameter values of the auto set-up are stored
in data set 3.

14 - Complete Setup, DS4

The parameter values of the auto set-up are stored
in data set 4.

20- Plaus.-Check The auto set-up checks the rated motor parameters
Machine Data, DSO in the four data sets.
21 - Plaus.-Check The rated motor parameters are checked for
Machine Data, DS1 plausibility in data set 1.
2. Plaus.-Check The rated motor parameters are checked for
Machine Data, DS2 plausibility in data set 2.
23 Plaus.-Check The rated motor parameters are checked for
Machine Data, DS3 plausibility in data set 3.
24 - Plaus.-Check The rated motor parameters are checked for
Machine Data, DS4 plausibility in data set 4.
The auto set-up determines extended motor data
20- Calculation and via the parameter identification, calculates
Para-ldent., DSO dependent parameters and stores the parameter
values identically in all four data sets.
. Extended motor data are measured, dependent
31 . Calculation and parameters calculated and the parameter values
Para-ldent., DS1 -
stored in data set 1
. Extended motor data are measured, dependent
Calculation and
32- parameters calculated and the parameter values
Para-ldent., DS2 -
stored in data set 2
Calculation and Extended motor data are measured, dependent
33- Para-ldent. DS3 parameters calculated and the parameter values
N stored in data set 3
. Extended motor data are measured, dependent
Calculation and
34 - parameters calculated and the parameter values

Para-ldent., DS4

stored in data set 4
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The monitoring and checking of the individual steps in the course of the auto set-up
can be done via the parameter SETUP Status 797. The setup via the communication
interface continuously updates the status parameter, which can be read out via the

interface.
0- Ok Auto set-up has been carried out.
1- PCPhasel The plausibility check of the motor data is active.
2- PC Phase 2 The calculation of dependent parameters is active.
3. EUF The parameter identifi_ce_ltion demands the
controller release at digital input S1IND.

— The rated motor values are being checked by the

4 - Parameter Identification

parameter identification.

10 - Setup already active Setup via the operating unit is being carried out.
11 - gg?e%o(ljurrent Too Low The registered Rated current 371 is too low.
12- SF0002 The Rated current 371 is too high relative to the
Rated Current Too High Rated output 376 and the Rated voltage 370.
13- SF0003 The Rated Cos phi 374 is faulty (larger than 1 or
Rated Cos-Phi smaller than 0.3).
SF0004 _The slip ‘frequency calculated from the rated values
14 - Negative Slip Frequency is negative. The Rated speed 372 and the Rated
frequency 375 are to be checked.
The input Rated speed 372 and the Rated frequency
15 - S'.:OOOS ; 375 are to be checked as the calculated slip
Slip Frequency Too High -
frequency is too large.
SF0006 The overall output of the d_rive mechanism
16 - calculated from the rated values is lower than the
Power Balance )
input rated power.
17- SF0007 Unsupported The set configuration is not supported by the auto
Configuration set-up.
The Rated voltage 370 is outside the reference
) voltage range of the inverter. The maximum
21- SA00O1 Rated Voltage reference voltage is stated on the rating plate of the
frequency inverter.
The Rated current 371, the Rated output 376 and
22 SA0002 Efficiency the Rated VO'Itgge 370 are to be checked. The
calculated efficient is in the threshold area for a
three-phase motor.
23. SA0003 Rated Cos-phi | Te Rated Cos phi 374 is outside the standard area
(0.6 to 0.95).
The Rated speed 372 and the Rated frequency 375
24 - SA0004 Slip Frequency are to be checked. The slip is in the threshold area
for a three-phase motor.
The parameter identification demands the
80 - NoRelease contr[z)ller release on digital input S1IND
31- Error ﬁ; error has occurred in the course of the auto set-
Warning The param_eter identification has _established an
32- unbalance in the measurements in the three motor

Phase Asymmetry

phases.
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8 Inverter data

The series ACT frequency inverters are suited for a wide range of applications. The
modular hardware and software structure enables customer-specific adaptation. The
available hardware functionality of the frequency inverter is displayed and can be
modified by setting the software parameters specific to the application.

8.1 Serial number

The Serial number 0 is entered when the frequency inverter is manufactured.
Information on the type of device and the production data with an 8-digit number are
displayed. In addition, the serial number is printed on the rating plate.

Serial number 0 : ACT 400 - 003 ; 02102013
Rating plate: Type: ACT 400 — 003 ; Serial No.: 02102013

8.2 Optional modules

Modular extension of the hardware is possible via the plug-in sections. The Optional
modules 1 recognized by the frequency inverter are displayed with the matching
abbreviations after initialization.

CM-232 ; EM-SYS

8.3 Inverter software version

The firmware stored in the frequency inverter defines an available parameter and
function structure of the software. The Inverter software version 12 is displayed. In
addition to the version, the 6-digit software key is printed on the rating plate of the
frequency inverter.

Inverter software version 12 : 4.0.2
Rating plate: Version: 4.0.2 ; Software: 140001

8.4 Set password

As a protection against unauthorized access, the parameter Set password 27 can be
set in such a way that this password in inquired when a parameter is changed. A
change of parameter is only possible if the password in entered correctly. If the Set
password 27 parameter is set with the value zero, there is no password inquiry in
access to the parameters. The previous password is deleted.

[No. | Description [ Min. [ Max. [ Factsett. |
[ 27 | Set password | 0 | 999 | 0

8.5 Control level

The Control level 28 defines the scope of the functions to be parameterized. The
operating instructions describe the parameters on the third control level, which should
only be set by qualified users. Before starting work, please read the documentation
and comply with the safety instructions. For the purposes of the instructions, a
"qualified person" means a person acquainted with the erection, assembly,
commissioning and operation of the frequency inverters and in possession of a
qualification matching the work.

[No. | Description [ Min. | Max. [ Factsett. |
[ 28 [Control level [ 1 | 3 [ 1
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8.6 User name

The User name 29 can be entered via the optional operating software VPlus. The
display of the plant or machine designation is only possible in a limited way via the
operating unit.

32 alphanumeric characters

8.7 Configuration

The Configuration 30 determines the occupancy and basic function of the control
inputs and outputs and the software functions. The software of the frequency
inverters offers a number of configurations for selection. The configurations
essentially differ in the way in which the drive mechanism is controlled. The analog
and digital inputs are to be combined within the configuration and supplemented by
optional communication protocols. The operating instructions describe the following
configurations and matching parameters on the third Control level 28.

Configuration 110, sensor-less control

Configuration 110 contains the functions for variable-speed controls of a 3-phase
machine in a large number of standard applications. The motor speed is set
according to the V/f characteristic in accordance with the ratio of voltage and
frequency.

Configuration 111, sensor-less control with technology controller
Configuration 111 extends the sensor-less control by software functions that
facilitate customer-specific adaptation in various applications. The technology
controller, the volume flow control and the V-belt monitoring are to be used
relative to the application.

Configuration 410, sensor-less field-oriented control

Configuration 410 contains the functions for sensor-less, field-oriented control of
a 3-phase machine. The current motor speed is determined from the present
currents and voltages in combination with the machine parameters. Parallel
switching of 3-phase motors is only restrictedly possible in this configuration.

Configuration 210, field-oriented control

Configuration 210 contains the functions for speed-controlled, field-oriented
control of a 3-phase machine with speed sensor feedback. The separate control
of torque and flux-forming current enables a high drive dynamism with a high
moment of load. The necessary speed sensor feedback leads to a precise speed
and torque behavior.

Configuration 230, field-oriented control with torque control

Configuration 230 extends configuration 210 by functions for torque-dependent
field-oriented control. The reference torque is represented as a percentage and
transmitted to a corresponding operating behavior of the application. The switch-
over between variable-speed control and torque-dependent control is done via a
digital control input.

8.8 Language

The parameters are stored in the frequency inverter in various languages. The
parameter description is displayed, for example by the PC program VPlus, in the
selected Language 33.

1- Deutsch Parameter description in the German language
2 - English Parameter description in the English language
3 - ltaliano Parameter description in the Italian language
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8.9 Programming

The parameter Program 34 permits acknowledgment of a fault message and
resetting of the factory setting. The display of the operating unit shows the message
"dEFLt" or "rESEt", and the light diodes additionally signalize the status of the
frequency inverter.

The current error report can be acknowledged via digital
123 input S1IND and the software parameter. The display of the
operating unit shows the message "rESEt".

The setting of the parameters within the selected
4444 configuration is overwritten with the factory settings. The
display of the operating unit shows the message "dEFLt".
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9 Machine data

The input of the machine data is the foundation for the functionality of the control
functions and methods. In the course of the guided commissioning, the necessary
parameters are inquired according to the selected Configuration 30.

9.1 Rated motor parameters

The rated parameters of the three-phase asynchronous machine are to be
parameterized according to the rating plate or the data sheet of the motor. The
factory settings of the machine parameters are relative to the reference data of the
frequency inverter and the matching four-poled 3-phase machine. The machine data
necessary for the control functions and methods are calculated in the course of the
commissioning from the settings, which have been checked for plausibility.

The factory settings of the rated parameters are to be checked by the user.

No. Description Min. Max. Fact. sett.
370 | Rated voltage 0.17-Ugn 2-Ugin Uein
371 | Rated current 0.01 Iy 100l lEin
372 [ Rated speed 96 min™ [ 60.000 min™ Ny
373 | No. of pole pairs 1 24 2
374 | Rated cosine (@) 0.01 1.00 cos(Q)n
375 | Rated frequency 10.00 Hz | 1000.00 Hz 50.00
376 | Rated mechanical power 0.01-Pey 10-Pepy Pen

The increase of the rated speed at constant torque can be implemented in 3-speed
machines if the motor winding can be changed over from star to delta circuit. The
change-over leads to a modification of the dependent rated values by a square root of
three.

The admissible rated voltage and rated speed must be observed!

9.2 Further motor parameters

The selected control functions and methods demand determination of further data
which cannot be read off the rating plate of the 3-phase machine, in particular with
field-oriented controlling, for the precise calculation of the machine model. In the
course of the guided commissioning, the parameter identification has been done to
measure the further motor parameters.

9.2.1 Stator resistance

The resistance of the stator winding has been measured in the course of the guided
commissioning. The parameter is parameterized as a phase value and is a factor of 3
smaller than the winding resistance in the delta circuit.

In the factory, the alternative stator resistance of a standard motor has been input to
match the reference output of the frequency inverter.

No. Description Min. Max. Fact. sett.

377 | Stator resistance 0omQ 65535 mQ Rsn

The stator resistance can be optimized in the open circuit of the machine. At the
stationary operating point, the torque-forming current Isq 216 or the selected Active
current 214 should be zero. The adjustment should be done at a winding temperature
also reached in normal operation of the motor, as the stator resistance is
temperature-dependent.
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9.2.2 Leakage coefficient

The leakage coefficient of the machine defines the ratio of the leakage inductivity to
the main inductivity. The torque and flux-forming current components are thus
coupled via the leakage coefficient. Optimization of the leakage coefficient within the
field-oriented control systems demands movement to various operating points of the
drive mechanism. The flux-forming current Isd 215 should be independent of the load
moment to a large extent, unlike the torque-forming current Isq 216. The flux-forming
current component behaves inversely proportional to the leakage coefficient. If the
leakage coefficient is increased, the torque-forming current increases and the flux-
forming component drops. The adjustment should result in a relatively constant actual
current value Isd 215, matching the set Rated magnetizing current 716, regardless of
the load on the drive mechanism.

The sensor-less controlling uses the parameter Leakage coefficient 378 for
optimization of the synchronization to one drive.

[No. | Description [ Min. | Max. [ Fact. sett.
| 378 | Leakage coefficient | 10% | 200% [ 7.0%

|

9.2.3 Magnetizing current

The Rated magnetizing current 716 is a measure of the flux in the motor and thus of
the voltage set on the machine in an open circuit, regardless of the speed. The
guided commissioning determines this value at about 30% of the Rated current 371.
This current is comparable with the field current of an externally excited direct current
machine.

As optimization for the sensor-less field-oriented controls, the machine must be
operated in an open circuit at a rotary frequency below the Rated frequency 375. The
precision of the optimization rises with the set Switching frequency 400 and the open
circuit of the drive to be implemented. The flux-forming actual current value Isd 215 to
be read off should roughly match the set Rated magnetizing current 716.

The field-oriented control with speed sensor feedback uses the parameterized Rated
magnetizing current 716 for the flux in the motor.

The dependence of the magnetizing on the frequency and voltage at the operating
point in question is taken into account by a magnetizing characteristic. The
characteristic is calculated via three points, in particular in the field weakening area
above the rated frequency. The parameter identification has determined the
magnetizing characteristic and set the parameters Magnetizing current 50% 713,
Magnetizing current 80% 713 and Magnetizing current 110% 713.

No. Description Min. Max. Fact. sett.
713 | Magnetizing current 50% 1.00 % 50.00 % 31.00 %
714 | Magnetizing current 80% 1.00 % 80.00 % 65.00 %
715 | Magnetizing current 110% 110.00 % 197.00 % 145.00 %
716 | Rated magnetizing current 0.01 lginy 0lgn 0,3l
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9.24 Rated slip correction factor

The rotor time constant results from the inductivity of the rotor circuit and the rotor
resistance. Due to the temperature-dependence of the rotor resistance and the
saturation effects of the iron, the rotor time constant is also dependent on
temperature and current. The load behavior and thus the rated slip are a function of
the rotor time constant. The guided commissioning has determined the machine data
in the parameter identification and set the parameter Rated slip correction factor 718
accordingly. For the fine adjustment or a control of the rotor time constant, the
following mode of procedure can be used: the machine is loaded at half the Rated
frequency 375. Then, about half the Rated voltage 370 must result with a deviation of
max. 5 %. If this is not the case, the corresponding correction factor must be
modified. The larger the correction factor is set, the stronger the drop in the voltage
upon load. The value of the rotor time constant calculated by the software can be
read out via the actual value Current rotor time constant 227. The adjustment should
be done at a winding temperature also reached in normal operation of the motor.

[ Min. | Max. [ Fact. sett. |
0.01% | 300.00% | 100.00% |

[No. | Description
[ 718 [ Rated slip correction factor |

9.3 Speed sensor 1

The frequency inverters are to be adapted according to the requirements in the
application. Some of the available Configurations 30 demand continuous
measurement of the actual speed value for the control functions and methods. The
necessary connection of an incremental speed sensor is done on the digital control
terminals S5IND (track A) and S4IND (track B) of the frequency inverter.

9.3.1 Operation mode speed sensor 1

Operation mode speed sensor 1 490 is to be selected according to the connected
incremental speed sensor. A unipolar speed sensor is to be connected to the
standard control terminals.

Speed measurement is not active; the digital inputs
0- off ) -
are available for further functions.
Single Two-channel speed sensor with recognition of
1- gle direction of rotation via track signals A and B;
Evaluation ; )
one signal edge is evaluated per mark.
Quadruple T_wo-qhannel sp_eed sensor W|t_h recognition (?f
4 — : direction of rotation via track signals A and B;
Evaluation -
four signal edges are evaluated per mark.
One-channel speed sensor via track signal A. The
11— Single actual speed value is positive. One signal edge is
Evaluation unsigned | evaluated per mark. The digital input S4IND is
available for further functions.
One-channel speed sensor via track signal A. The
12— Double actual speed value is positive. Two signal edges are
Evaluation unsigned | evaluated per mark. The digital input S4IND is
available for further functions.
101 — Single As operation mode 1. The actual speed value is
Evaluation inverted | inverted. (Alternative to exchanging the track signals)
104 — Quadruple As operation mode 4. The actual speed value is
Evaluation inverted | inverted. (Alternative to exchanging the track signals)
11— Single As operation mode 11. The actual speed value is
Evaluation negative | negative.
112 - Double As operation mode 12. actual speed value is negative.
Evaluation negative
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9.3.2 Division marks speed sensor 1

The number of increments of the connected speed sensor is to be parameterized via
the parameter Division marks speed sensor 1 491. The division marks of the speed
sensor are to be selected according to the speed range of the application.

The maximum number of division marks Sy, is defined by the frequency limit of fax =
150 kHz of the digital inputs S5IND (track A) and S4IND (track B).

60s/min

S,ax =150000Hz -
Max Nmax = Max. speed of the motor in RPM
In order to guarantee a good true running of the drive, a sensor signal must be
evaluated at least every 2 ms (signal frequency f = 500 Hz). From this demand, the
minimum number of division marks Spy, of the incremental speed sensor can be
calculated for the required minimum speed Ny

60s/min
Smm =500Hz Ai Nmin = Min. speed of the motor in RPM
“Ninin A = Evaluation (1,2,4)
[ No. | Description [ Min. | Max. [ Fact. sett. |
[ 491 | Division marks, speed sensor 1 [ 1 | 8192 | 1024 |

10 System data

The various control functions and methods according to the selected Configuration
30 are supplemented by control and special functions. A calculation of process values
from the electrical control values to monitor the application specific to the application
in question in helpful.

10.1  Volume flow and pressure

The parameterization of the factors Nominal volumetric flow 397 and Nominal
pressure 398 is necessary if the matching actual values Volumetric flow 285 and
Pressure 286 are used to monitor the drive mechanism. The conversion of the
electrical control value is done by the bad point method. In the bad point method, the
working point is displaced by modification of the speed on the characteristic.

No. Description Min. Max. Fact. sett.
397 | Nominal volumetric flow 1 m’h 99999 m’/h 10 m'/h
398 | Nominal pressure 0.1 kPa 999.9 kPa 100.0 kPa

Pipe network or channel characteristic:

P~ method
B1, o metho

~“"bad point method

T > m’/h

Point A in the figure describes the rating point of a pump. The transition into part-load
operation can be done with constant pressure (modification of conveying flow,
pressure remains constant) or by the bad point method (modification of pressure and
conveying flow). Both methods can be realized with the integrated technology
controller. The actual values displayed are calculated by the bad point method
independently of the operation mode of the technology controller selected.
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11 Operational behavior

The operational behavior of the frequency inverter is to be parameterized relative to
the application. In particular, the starting and stopping behavior is to be configured
freely according to the selected Configuration 30. In addition, functions such as the
auto-start, synchronization and positioning facilitate integration into the application.

11.1  Starting behavior

The start of the 3-phase machine is to be parameterized in accordance with the
control functions and methods. The field-oriented control systems are based on a
complex controller structure and only demand definition of the maximum Flux-
formation time 780 and Current during flux-formation 781 limit values, unlike
sensor-less controlling, which is supplemented by the selected Operation mode 620
of the starting behavior.

11.1.1 Starting behavior of sensor-less controlling

The parameter Operation mode starting behavior 620 is available in the configuration
110 and the configuration 111. Depending on the operation mode selected, the
machine is firstly magnetized or a starting current is impressed. The loss of voltage
on the stator resistance, which reduces the torque in the lower frequency range, can
be compensated by the IXR compensation.

At the start, the voltage set with the parameter Starting
voltage 600 is output with an output frequency of 0 Hz.
After this, the output voltage and the output frequency are
0- off altered according to the control functions and methods.
The break-away torque or the current at the start is
determined by the starting voltage set. The starting
behavior must possibly be optimized with the parameter
Starting voltage 600.

In this operation mode, the Current during flux-formation
781 for magnetization is impressed into the motor after
release. The output frequency is kept to the value of zero
Hz for the Maximum flux-formation time 780. After this
time has expired, there is continuation with the set V/f
characteristic. (see operation mode 0)

1- Magnetisation

Operation mode 2 contains operation mode 1. After the
expiry of the Maximum flux-formation time 780, the
output frequency is increased according to the set
acceleration. If the output frequency reaches the value
set with the parameter Limit frequency 624, the Starting
current 623 is withdrawn. There is a smooth transition to
1.4 times the limit frequency to the set V/f characteristic.
The output current is dependent on the load from this
operating point on.

Magnetisation +
Current Impr.

Operation mode 3 contains operation mode 1 of the start
function. If the output frequency reaches the value set
Magnetisation + with parameter Limit frequency 624, the increase of the
IXR-Comp. output voltage by the IXR compensation becomes
effective. The V/f characteristic is displaced by the share
of voltage dependent on the stator resistance.
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Magnet. +
4 - Curr.mp. +
IXR-Comp.

In this operation mode, the current set with the parameter
Current during flux-formation 781 is impressed into the
motor for magnetization after release. The output
frequency is kept to the value of zero Hz for the
Maximum flux-formation time 780. After expiry of the
time, the output frequency is increased according to the
set acceleration. If the output frequency reaches the
value set with the parameter Limit frequency 624, the
Starting current 623 is withdrawn. There is a smooth
transition to the V/f characteristic and an output current
dependent on the load is set. At the same time, the
increase of the output voltage by the IXR compensation
becomes effective from this output frequency onwards.
The V/f characteristic is displaced by the share of voltage
dependent on the stator resistance.

Magn. +
12 - Curr.Imp. w.
Ramp Stop

Operation mode 12 contains an additional function to
guarantee a starting behavior under difficult conditions.
The magnetization and starting current impress are done
according to operation mode 2. The ramp stop takes the
current consumption of the motor at the operating point in
question into account and controls the frequency and
voltage alteration by stopping the ramp. The Controller
status 275 reports the contact of the controller with the
message “RSTP".

Magn. +
Current Imp. w
RS. +
IXR-Comp.

14 -

In this operation mode, the functions of operation mode
12 are extended by the compensation of the loss of
voltage on the stator resistance. If the output frequency
reaches the value set with the parameter Limit frequency
624, the increase of the output voltage by the IxR
compensation becomes effective. The V/f characteristic is
displaced by the share of voltage dependent on the stator
resistance.

Unlike the field-oriented control systems, sensor-less controls are extended by a
current controller for the starting behavior. The compensated proportional regulator
controls the current impress of the parameterized Starting current 623.

No. Description Min. Max. Fact. set.
621 | Amplification 0.01 10.00 1.00
622 | Integral time 1ms 30000 ms 50 ms

11.1.1.1 Starting current

The configurations 110, 111 and 410 for sensor-less control of a 3-phase machine
use the starting current impress in operation modes 2, 4, 12 and 14. The Starting
current 623 guarantees, in particular for high start torque, sufficient torque to reach

Limit frequency 624.

Applications in which high current is permanently needed at a low speed are to be
implemented with forced-ventilated motors for thermal reasons.

No. Description Min. Max. Fact. set.

623 | Starting current

0.0A 0 leny I
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11.1.1.2 Limit frequency

The Starting current 624 is impressed in configurations 110, 111 and 410 for sensor-
less control of a 3-phase machine until the Limit frequency 624 is reached.
Permanent operating points below the limit frequency are only admissible if forced-
ventilated motors are used. Above the limit frequency, there is the transition to the
control functions and methods of the selected configuration 30.

[No. | Description [ Min. | Max. [ Fact. Set. |
[ 624 [ Limit frequency | 0.00Hz | 100.00Hz | 2.60Hz |

11.1.2 Flux-formation

Field-oriented control in the configurations 210, 230 and the configuration 410 are
based on separate regulation of the flux-forming and torque-forming current
components. At the start of the machine, there is firstly excitation or impressing of a
current. With the parameter Current during flux formation 781 the magnetization
current lgg is set, with the parameter Maximum flux-formation time 780 setting the
maximum time for the current impress.

The current impress is done until the reference value of the rated magnetizing current
is reached or the Maximum flux-formation time 780 has been exceeded.

No. Description Min. Max. Fact. Set.
780 | Maximum flux-formation time 1ms 10000 ms 1000 ms
781 | Current during flux formation 0.1l Ol I

11.2  Stopping behavior

The stop function of the 3-phase machine is to be defined in stopping behavior via
Operation mode 630 and is activated via the digital logic signals Start clockwise 68
and Start anticlockwise 69. The following operation modes can be selected by
combination of the logic signals that are assigned to the digital inputs as follows in the
factory setting.

Start clockwise = 0 and Start anticlockwise =0
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Stopping behavior 7 70 71 72 73 74 75 76 77
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Operation mode 630 of the stopping behavior is to be parameterized according to the
matrix. The selection of the operation modes can vary according to the control
functions and methods and the control inputs available.

Stopping behavior 0

Free stopping

The converter is inhibited immediately. The drive
mechanism is free of voltage immediately and stops
freely.

Stopping behavior 1

Stop
+ Switch off

The drive mechanism is taken to a standstill with the set
deceleration. When standstill has been reached, the
converter is inhibited after a holding time. The holding
time can be set with the parameter Holding time 638.
Depending on the setting of the parameter Starting
function 620, there is impressing for the duration of the
holding time of the starting current, or the starting voltage
is applied.

Stopping behavior 2

Stop + Hold

The drive mechanism is taken to a standstill with the set
deceleration and remains permanently supplied with
current.

Depending on the setting of the parameter Starting
function 620 there is impressing from the standstill of the
Starting current 623, or the starting voltage is applied.

Stopping behavior 3

Stop + brake

The drive mechanism is taken to a standstill with the set
deceleration. From the standstill, the DC set with the
parameter Braking current 631 is impressed for the
Braking time 632.

Stopping behaviors 3, 6 and 7 are only available in the
configurations for sensor-less control.

Stopping behavior 4

Emergency stop
+ switch off

The drive mechanism is guided to a standstill with the
emergency stop deceleration. When a standstill has been
reached, the converter is inhibited after a holding time.
The holding time can be set with the parameter Holding
time 638. Depending on the setting of the parameter
Starting function 620 the starting current is impressed or
the starting voltage applied from standstill.

Stopping behavior 5

Emergency stop + Hold

The drive mechanism is taken to a standstill with the
emergency stop deceleration and remains permanently
supplied with current.

Depending on the setting of the parameter Starting
function 620, the Starting current 623 is impressed or
the starting voltage applied from standstill.

Stopping behavior 6

Emergency stop +
Brake

The drive mechanism is guided until a standstill with the
set emergency stop deceleration. From standstill, the DC
set for the Braking time 632 with the parameter Braking
current 631 is impressed.

Stopping behaviors 3, 6 and 7 are only available in the
configurations for sensor-less control.

Stopping behavior 7

Direct current brake

Direct current braking is activated immediately. The direct
current set with the parameter Braking current 631 is
impressed for the die Braking time 632.

Stopping behaviors 3, 6 and 7 are only available in the
configurations for sensor-less control.

58






