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Preface

General

First we would like to welcome you as a customer of the company Karl E. Brinkmann GmbH and congratula-
tion to the purchase of this product. You have decided for a product on highest technical level.

The described hard- and software are developments of the Karl E. Brinkmann GmbH. The enclosed docu-
ments correspond to conditions valid at printing. Misprint, mistakes and technical changes reserved.

The instruction manual must be made available to the user. Prior to performing any work on the unit the user
must familiarize himself with the unit. This especially applies to the knowledge and observance of the follow-
ing safety and warning indications. The used pictograms have following significance:

D
A Wz:r:g;rg Is used when the life or health of the user is in danger or consider-
. able damage to property can occur.

Caution g property
Attention . .

ﬂ Is used when a measure is necessary for safe and disturbance-free
observe at :

operation.

beachten
Information
Aid Is used, if a measure simplifies the handling or operation of the unit.
Tip

Safety Instructions

Precondition for all further steps is the knowledge and observance of
Observe safety and the safety, EMC and operating instructions (Part 1 ,Before beginning"
operating instructions OOOONEB-0000%). This is provided accompanied by the device or by
the download site of www.keb.de.

Non-observance of the safety and operating instructions leads to the loss of any liability claims. The warnings
and safety instructions in this manual work only supplementary. This list is not exhaustive.

The respective control circuit instruction manual is available at www.keb.de for more information.

>

Validity and liability

The information contained in the technical documentation, as well as any user-specific advice in spoken and
written and through tests, are made to best of our knowledge and information about the application. However,
they are considered for information only without responsibility. This also applies to any violation of industrial
property rights of a third-party.

Selection of our units in view of their suitability for the intended use must be done generally by the user.
Tests can only be done by the machine manufacturer in combination with the application. They must be re-
peated, even if only parts of hardware, software or the unit adjustment are modified.

The suspension of liability is also valid especially for operation interruption damages, loss of profit, data loss
or other damages. This is also valid, if we referred first to the possibility of such damages.

If individual regulations should be futile, not effective or impracticable, then the effectivity of all other regula-
tions or agreements is not affected by this.

Copyright

The customer may use the instruction manual as well as further documents or parts from it for internal pur-
poses. Copyrights are with KEB and remain valid in its entirety. All rights reserved.

KEB®, COMBIVERT®, COMBICONTROL® and COMBIVIS® are registered trademarks of Karl E. Brinkmann
GmbH.

COMBIVERT G6 © KEB, 2019-03
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2.5

2.6

Other wordmarks or/and logos are trademarks (™) or registered trademarks (®) of their respective owners
and are listed in the footnote on the first occurrence.

When creating our documents we pay attention with the utmost care to the rights of third parties. Should
we have not marked a trademark or breach a copyright, please inform us in order to have the possibility of
remedy.

Specified application

The COMBIVERT G6 serves exclusively for the control and regulation of three-phase motors. The operation
of other electric consumers is prohibited and can lead to the destruction of the unit. Inverter are components
designed for inclusion in electrical installations or machinery.

The used semiconductors and components of KEB are developed and dimensioned for the use in industrial
products. If the KEB COMBIVERT F5 is used in machines, which work under exceptional conditions or if es-
sential functions, life-supporting measures or an extraordinary safety step must be fulfilled, the necessary
reliability and security must be ensured by the machine builder. The operation of our products outside the
indicated limit values of the technical data leads to the loss of any liability claims.

Product description

The product family COMBIVERT G6 has been developed for the universal use at open-loop three-phase dri-
ves. The COMBIVERT G6 can be operated open-loop or encoderless speed or torque-controlled. The units
are equipped with an integrated EMC filter according to class C1 and C2. Caused by low leakage currents
of the filter to ground, the COMBIVERT G6 is well qualified for the use with FI protective switches | <30mA.

www.keb.de.

ﬂ An instruction manual with general safety instructions and EMC-compatible wiring is available at

© KEB, 2019-03 COMBIVERT G6 13
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2.7

Type code
[xx][es) [X][(X][XHX][X][X][x]

Coo

ling (not valid for customer-/special version)

0

Air-cooling (housing C, E); air-cooling/flat rear (housing A, B)

1

Flat rear

Con

trol/keyboard/display (not valid for customer-/special version)

G6L-G | Open-loop without keyboard/display

G6L-G | Open-loop with keyboard/display

G6P-S | SCL* without keyboard/display

G6P-S | SCL with keyboard/display

G6L-M | ASCL** without keyboard/display

A
B
2
3
4
5

G6L-M | ASCL with keyboard/display

Switching frequency; short time current limit; overcurrent cut-off

(not

valid at customer/special version)

4kHz |125% [150%

8kHz [125% [150%

4kHz |150% [180%

8kHz [150% [180%

4kHz |180% [216%

>|lololnin) =

8kHz [180% [216%

\Voltage, connection type (not valid for customer-/special version)

0 |1-phase |230V |AC/DC 3 |3-phase 400V AC/DC
1 |3-phase |230V |AC/DC 5 400V DC

2 |1/3-phase |230V |AC/DC 6 |1-phase [230V AC
A-Z| Customer-/special version (firmware, hardware and download)

IHousing type A, B, C, E

Variants
without filter, no braking transistor, like A
0 . : King | A |like 0 with STO | H |with
without safety function STO _
f=0Hz
without filter, with braking transis- like B
1 ) ’ ing B |like 1 with STO | | |with
tor, without safety function STO _
f=0Hz
. e . like C
2 mternal f|lter, without bralqng tran- c llike 2 with sSTO | K |with
sistor, without safety function STO _
f=0Hz
. , , . . like D
3 mtern_al filter, with brak_mg transis- D |like 3 with STO | L |with
tor, without safety function STO f=OHz

Control type

C | Analog/digital (standard)
D |CAN®'
E |IO-Link®?2
continued on the next page
14 COMBIVERT G6 © KEB, 2019-03
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Dxx] (8] [X][X] [XHX] [X][X][X]
F |EtherCAT®3
H [reserved

| |VARAN

IG6 unit type |

Inverter size |

CANopen® is registered trademark of CAN in AUTOMATION - International Users and Manufacturers
Group e.V.

IO-LINK® is registered trademark of PROFIBUS user organisation e.V.

EtherCAT® is registered trademark and patented technology, licensed by Beckhoff Automation GmbH,
Germany

SCL = Sensorless Closed Loop
ASCL = Asynchronous Sensorless Closed Loop

*%

© KEB, 2019-03 COMBIVERT G6 15




Hardware

3. Hardware

3.1 Overview of the control unit interfaces

No. Name Description

1 X4A Diagnosis interface
2 X2B Safety function STO STO (optional) |3
3 X2A  Control terminal block
4 LED1 Inverter state LED 2
5 - Display/keyboard (optional)
6  X4B _ _ 4
RJ45 terminals (optional)
7 X4C
1
6
5
7

Figure 3.1 Sample image

The following controls are available for the KEB COMBIVERT G6:
Control type

+ | Standard
* | CANopen
* | 10-Link

* | EtherCAT
* | VARAN

In this chapter there are not any more information on the single controls. The respective control circuit instruc-
tion manual is available at www.keb.de for more information.

16 COMBIVERT G6 © KEB, 2019-03
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4. Operation

The following chapter describes the fundamentals of the software structure.

ﬂ The operation of the LC display is described in the respective programming manual of the control.

4.1 Fundamentals

The G6 frequency inverter includes the following operating modes:

Display mode of the control board

Customer mode

Application mode

the end user

- is a list of parameters (CP-Parameter), freely
definable, which are necessary or important for

- supplied with a parameter list defined by KEB
- is generated by the application parameters

- all parameters, parameter groups
(exception:CP-parameter) and param-
eter sets can be selected and, if necessary,
changed

- usually it is activated only for the adaption to
the application

4.2 Password structure

The KEB COMBIVERT G6 is provided with extensive password protection. The different passwords are used

to

- change the display modes

421 Passwords and password levels

By selecting one of the following passwords you can switch to the respective password level:

Password level password Description
Only the customer parameter group is vis-
CP - read only 100 ible, except for CP0O0 all parameters are in
read-only state
CP - on 200 iny the customer parameter group is vis-
ible. All parameters can be changed.
Application 440 All application, operator and CP-Parame-

ters are visible and can be changed.

The passwords are only valid for the display. These passwords are irrelevant in COMBIVIS, since

the inverter is not in CP mode.
ﬂ The password input is dependent on the current operating mode. The password in parameter
CPO00 must be changed if the inverter is in the CP mode. The password in parameter Ud01 must
be changed if the inverter is in the application mode.

© KEB, 2019-03
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Selection of Operating Mode

5. Selection of Operating Mode
This instruction manual is valid for the following software conditions:
Control type
Software type | Control type (adjust- Description
ment in Ud02)
Standard software for the operation:
0: G6L-G / 400Hz . .
G6L-G V2.1.5.x - of asynchronous motors with v/f characteristic control
1: G6L-G / 800Hz
ASCL software for the operation:
0: G6L-G / 400Hz . .
- of asynchronous motors with v/f characteristic control
1: G6L-G / 800Hz
4: G6L-M / 4000rpm
G6L -M V2.1.5.x
5: G6L-M / 8000rpm .
- of asynchronous motors with vector control
6: G6L-M / 16000rpm
7: G6L-M / 32000rpm
SCL software for the operation:
0: G6P-G / 400Hz - of asynchronous motors with v/f characteristic control
8: G6P-S / 4000rpm
G6P-S V2.1.3.x | 9: G6P-S / 8000rpm - of synchronous motors with vector control
10: G6P-S / 16000rpm
11: G6P-S / 32000rpm
Some parameters (e.g. set speed, speed limits, etc.) are not correct displayed if a download list
is downloaded to an inverter with different control type, or if the COMBIVIS Config-File is used
A for another control type. COMBIVIS recognizes the use of inappropriate lists and select the cor-
rect config file automatically. Unintended settings and wrong displays can occur if the warning
messages are ignored.
Products made for export are limited to an output frequency of 599Hz. Ramps and setpoint limits
are calculated to the adjusted value in parameter Ud02 (e.g. 800Hz).
18 COMBIVERT G6 © KEB, 2019-03




Selection of Operating Mode E

The standardisation of some parameters is depending on the speed range of the control type. The following
parameters are affected.

5.1

Software Control type Speed- / fre- Resolu- Parameter
type (adjustment in Ud02) | quency range tion
ru01, ru02, ru07, ru10
) oP03, oP06, oP07, oP10, oP11, oP14,
G6L-G ?j ggtg ggg H; 06082255;422 oP15, oP21, oP22, oP23, oP40, oP41,
' ' oP65, oP66, oP67, oP68
Pn32, Pn37, Pn41, Pn48
ru01, ru02, ru07, ru10, ru79
4: G6L-M / 8: G6P-S 4000 rpm 0.125 rpm | 0P03, oP06, oP07, oP10, oP11, oP14,
5: G6L-M / 9: G6P-S 8000 rpm 0.25rpm | oP15, oP21, oP22, oP23, oP40, oP41,
6: G6L-M / 10: G6P-S 16000 rpm 0.5rpm | oP65, oP66, oP67, oP68
G6L-M/ | 7: G6L-M / 11: G6P-S 32000 rpm 1 rpm Pn32, Pn37, Pn41, Pn48
G6P-S ds21
4: G6L-M / 8: G6P-S 4000 rpm 0.0125 Hz
5: G6L-M / 9: G6P-S 8000 rpm 0.025 Hz | ru03
6: G6L-M / 10: G6P-S 16000 rpm 0.05Hz | uF00, uF02
7: G6L-M / 11: G6P-S 32000 rpm 0.1Hz

Reference speed / reference frequency

Some parameters (e.g. ramp adjustments) have reference values, which are depending on the selected
speed range (4000, 8000, 16000, 32000 rpm).

Speed range / Reference value Parameter

frequency range

400Hz 100Hz

800Hz 200Hz amongst others

4000 rpm 1000 rpm Pn21, Pn60

8000 rpm 2000 rpm 851298 ..0P31, oP46 ... oP48
16000 rpm 4000 rpm ds22

32000 rpm 8000 rpm

/N

The description of single parameter adjustments provides (unless otherwise mentioned) a
speed range of 4000 rpm (Ud02 = 4 or 8).

© KEB, 2019-03
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Start-Up

6.1

6.2

Start-Up
But because of the complex application possibilities we must restrict ourselves to explaining the start-up of
standard applications.

Preparatory measures

After unpacking the goods
After unpacking the goods and checking them for complete delivery following measures are to be carried out:

Visual control for transport damage:
Should any external damages to the KEB COMBIVERT be visible get in tough with your forwarding agent and
return the unit with a corresponding report to KEB.

Check the voltage class:
Absolute check before assembly whether the supply voltage of the KEB COMBIVERT matches the applica-
tion.

Installation and connection
A manual with installation and connecting-up instructions is available at www.keb.de.

Checklist prior to start-up
Before switching on the inverter go through the following checklist:

- Is the inverter firmly screwed in the control cabinet?

- Is there enough space to ensure sufficient air circulation?

- Are mains and motor cables as well as the control cables installed separately from each other?
- Are the inverters connected to the correct supply voltage?

- Are all mass and earthing cables attached and well contacted?

- Ensure that mains and motor cables are not interchanged as that will lead to the destruction of the
inverter!

- Is the motor connected in phase?

- Check tacho, initiator and encoder for firm attachment and correct connection!

- Check, whether all power and control cables are firmly in place!

- Remove any tools from the control cabinet!

- Attach all covers and protective caps to ensure that all live parts are secured against direct contact.

- When using measuring instruments or computers an isolating transformer should be used, if not, make
sure that the equipotential bonding between the supply lines is guaranteed!

- Open the control release of the inverter to avoid the unintended starting of the machine.

Initial Start-up

After all preparatory measures have been carried out and checked, the KEB COMBIVERT G6 can be switched
on.

20
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The control release ST (X2A.6) must be deactivated when switching on the first time, since the frequency
inverter is not custom-specific parameterized.

The following descriptions suppose that the inverter is on the password level "application mode" (Ud01 = ap-
plication mode). The selection of the password level is described in the manual chapter 4. The start-up should
be executed with COMBIVIS in order to have a short start-up time.

Attention: The start-up instruction manual can only give a short overview of the parameter adjustments which
are mandatory necessary to start-up the motor.

Thus it represents a check list and not a complete parameter description.

The appropriate chapters of the application manual must be read carefully for exact information about the
parameters, additionally points to consider and application-specific adjustments!

The wiring of the motor must be checked before start-up:

In-phase connection (inverter terminals U, V, W must be connected at the motor terminal board with the
appropriate contacts):
If the wiring is correct the following direction of rotation occurs at setting "forward rotation":

Figure 6.1 Sample illustration of an asynchronous motor

6.2.1 Start-up of an asynchronous motor
The following chapters describe the start-up of an asynchronous motor in the two available modes:

- v/f characteristic open-loop operation (G6L-G or G6P-G)
- speed-controlled operation without encoder feedback (ASCL / G6L-M)

© KEB, 2019-03 COMBIVERT G6 21
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6.2.1.1

v/f characteristic operation

1. Open control release

deactivate terminal X2A.6
- inverter state ru00 = ,0: no control release*

2, Selection of the speed range

The required speed range / frequency range (e.g.: 0: 400Hz) is selected.
- Ud02 control type = 0...1

All data for the adjustment of the controller type (e.g. resolution of the speed, etc.) see chapter 5.1

m Changing the control type releases loading of the default parameters! The speed range should be
: selected at least 10% higher than the highest setpoint speed in the application.

3. Loading the default parameters

Loading the default parameters (KEB factory setting) by

- Fr01 copy parameter set=-4

Pre-adjustments (e.g. function of the digital inputs) disappear.

4. Selection of the controller configuration

adjust V/f characteristic operation

- ¢S00 controller configuration = 0: off
(default v/f — characteristic operation)

Motor data are not necessary for standard v/f - characteristic operation.

The following parameters must be examined if SMM (sensorless motor management for speed stabilization
during load) should not be used:

Frequency when the highest voltage is output:

- uF0O0 rated frequency (typically rated motor frequency)

Voltage in [%], which is output at OHz:

- uF01 boost

Parameter uF09 must be adjusted if the motor input voltage does not agree with the mains voltage.

- uF09 voltage stabilisation

ﬂ Points 5-8 are for the SMM mode. If standard v/f characteristic operation is used, you can proceed
with step 9.

22
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5. Input of the motor data

Values dr00 to dr05 must be taken from the motor name plate.
The value for dr06 can be identified automatically (see point 6).

- drO0 DASM rated current

- drO1 DASM rated speed

- dr02 DASM rated voltage

- dr04 DASM cos phi

- dr05 DASM rated frequency
- dr06 DASM stator resistance

6. Measurement of the stator resistance

The stator resistance drO6 can be determined automatically by the KEB COMBIVERT. Inverter must be in
status ,,70: standstill (modulation off)“. This can be achieved e.g. by setting oP02 to value 0. Then start the
measurement with the input of

=> dr06 = 250000: on.

Open control release (X2A.6) after measurement

7. Calculation of motor-dependent data
Activation of SMM, as well as the adaption of the v/f characteristic is made by the input of:

- Fr10 load mot. dependent parameter = 3

8. Adjust speed controller
The speed controller must be adjusted via cS06 and ¢S09 to the application.

9. Enter application specific data

e.g. limits (speed limits, torque limits etc.) acceleration / deceleration ramps, function of the digital inputs/
outputs, type of speed setpoint setting etc.

Proper data for the adaption of the inverter to the respective application can be find in the corre-
sponding chapters.

10. Test run

Test run, in order to check whether the drive runs stable in all speed ranges and under all load conditions
and if a sufficient safety distance to the current- and load limits is available etc.

© KEB, 2019-03 COMBIVERT G6 23




Start-Up

6.2.1.2  Start-up G6L-M (ASCL/ vector controlled with motor model)

The motor temperature sensor must be connected.

1. Open control release

deactivate terminal X2A.6

- inverter state ru00 = ,0: no control release”

2. Selection of the speed range

The required speed range is selected in control type Ud02 (e.g.: 0..+/- 4000 rpm).
- The required speed range is selected in control type Ud02 control type = 4...7

The speed range should be selected at least 10% higher than the highest setpoint speed in the application.

m Changing the control type releases loading of the default parameters! All data for the adjustment of
: _\| the control type (e.g. resolution of the speed, etc.) see chapter 5.1.

3. Loading the default parameters

If the control type Ud02 was not changed, loading of the default parameters (KEB factory setting) can be
released by setting

- FrO1 copy parameter set = 4

/‘\ Pre-adjustments (e.g. function of the digital inputs) disappear

4. Selection of the controller configuration

adjust speed-controlled operation
- ¢S00 controller configuration = 4

(control mode = speed control)

5. Select source of the speed feedback

Motor speed feedback not available.

- ¢S01 actual source = 2: calculated actual value
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6. Input of the motor data

Values dr00 to dr05 must be taken from the motor name plate. The values for dr06 to dr08 (if available) can
be taken from the motor data sheet or automatically identified (see point 10). The DASM head-inductance
(dr10) should always be identified, because it is dependent on the selected magnetizing current.

- drO0 DASM rated current

- drO1 DASM rated speed

- dr02 DASM rated voltage

- drO3 DASM rated power

- dr0O4 DASM cos phi

- drO5 DASM rated frequency

- dr0O6 DASM stator resistance

- drO7 DASM leakage inductance
- drO8 DASM rotor resistance

- dr10 DASM head inductance

parameters dr06...dr10.

If no equivalent circuit data are known the default values can remain in dr06 to dr10 up to the iden-

The interconnection of the motor must be considered at acceptance of the values of the motor data
sheet. The data sheet contains mostly phase values. The phase-phase values must be entered in
ﬂ tification

7. Parameterize flux-/rotor adaptation mode

The operation with motor model is activated in parameter dS04 flux/rotor adaptation mode.
- dS04 =249
Further necessary adjustments for the operation with motor model are additionally made by this parameter:

+ Maximum voltage controller active, maximum voltage 100% (no overmodulation)
* Flux controller and magnetization build-up active before start-up

Further adjustments must be done in connection with the maximum voltage controller: Parameteri-
sation of the controller, activating of the active current limitation in the field weakening range (see
chapter 14).

Further information about the flux controller and flux build-up see chapter 11 Adjustments of the
asynchronous motor.

8. Calculation of motor-dependent data

Even if the motor data dr06 to dr10 are unknown, the motor-dependent data (e.g. dr18 field weak. speed)
must be calculated once at this point.

- Fr10 motor adaption = 1: uF09
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9. Identification of the equivalent circuit data

The equivalent circuit data dr06...dr10 can be determined automatically by the KEB COMBIVERT. The fol-
lowing must be considered:

» The motor must be in no-load operation for identification of the main inductance. By default, the motor
rotates with dr17: "Speed for maximum torque". The speed limits (oP-Parameter see chapter 10.5) must be
programmed accordingly if this is not permissible.

* The direction of rotation is forward, the acceleration time is preset by dr49: ,Lh.ident. acc/dec time*

» The speeed controller must be parameterized for acceleration (dynamics not necessary => select small
value for ¢S09: Kl speed)

» The brake control mode must be activated
(corresponding to KEB factory setting)

+ After successful measurement ru00 = 127 (drive data calculated/Cddr) is displayed.
The identification is started with

- dr48 = 8:complete auto identification! with rotation!

Close control release (X2A.6) for starting the identification and open it after the measurement.

Depending on the used motor the identification takes some minutes. Noises in the motor can occur
caused by high frequency test signals. The sequence of the identification can be tracked in param-

eter dr62 dr.,state motor ident.".
Since the drive is not optimally parameterized, a flat acceleration ramp (dr49) should be selected
for the identification to avoid overload of the motor.

Note: If the measurement is interrupted with an error, ru00 = 60 (Error! drive data / E.Cdd) is dis-
played. Read chapter 14.2 for further data of the identification.

10. Adjustment of specific data

- dS02 current decoupling = 1: on
- uF15 hardware current lim. mode = 0: off
- uF18 deadtime compensation mode = 3: automatically

26

COMBIVERT G6 © KEB, 2019-03




11. Enter application specific data

Application specifc data are e.g.
* limit values (speec limits, torque limits etc.)

- oP parameter (chapter 10 Setpoint limits)
- ¢S parameter (chapter 14 Torque display and limitation)

sacceleration- / deceleration ramps

- oP parameter (chapter 10 Ramp generator)
+ Function of the digital in-/ outputs

- di parameter (chapter 9 digital in- and outputs)
* type of speed setpoint setting

- oP parameter (chapter 10) etc.

Proper data for the adaption of the inverter to the respective application can be find in the corre-
sponding chapters

12. Adjust speed controller

The speed controller parameters can be calculated by the inverter for applications with constant inertia and
rigidly coupled load (see chapter 17).

The speed controller must be manually adapted if this adjustment is not workable for the application or if
the result is nonsatisfying. The maximum voltage controller must be parameterized if the field weakening
range is used.

ﬂ Current and flux controller are automatically adjusted during identification.

13. Test run

Check whether the drive operates stable in all speed ranges and under all load conditions. In some cases
operation with ASCL at low speed is critical. If the behaviour of the drive (e.g. when reversing or stopping)
is not optimal, additional measures must be executed (described in chapter 11 "operation at low speed").

If error messages occur during the start-up phase, read chapter 22 ,Fault diagnosis®.
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6.2.2 Start-up of a synchronous motor

The following chapter describes the initial start-up of a speed-controlled synchronous motor without encoder
feedback (G6P-S).

6.22.1  Start-up G6P-S (SCL)

1. Open control release

deactivate terminal X2A.6
- ru00 inverter state = nop/ ,no control release“

2. Selection of the speed range
The usable speed range is set with Ud02: - Ud02 control type = 8...11

ﬂ See chapter 5.1 for all data of the adjustment

3. Loading the default parameters
- Fr01 copy parameter set=-4

4. speed control configuration
- ¢S00 control mode = 4: speed control

5. Select source of the speed feedback
- ¢S01 actual source = 2:calculated actual value

6. Input of the motor rating plate data

- dr23 DSM rated current

- dr24 DSM rated speed

- dr25 DSM rated frequency

- dr26 DSM EMF voltage constant [Vpk x 1000rpm] *
- dr27 DSM rated torque

- dr28 DSM current for zero speed

- dr30 DSM stator resistance *

- dr31 DSM inductance *

* dr30 and dr31 must be entered as phase-phase value (R, L, ). Equivalent circuit data must
be entered according to the data sheet OR the data must be identified automatically like step 8.
ﬂ Parameter dr26 must be programmed as peak value of the phase-phase voltage U . Equivalent
circuit data must be entered according to the data sheet OR the data must be identified automati-
cally like step 8.

7. Calculation of motor-dependent data
- Fr10 motor adaption = 1: uF09
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8. Identification of the equivalent circuit data

ATTENTION: Requires motor revolution in no-load operation

- dr48 motor identification = 8: complete auto-identification, close control release (X2A.6)
- After successful identification ru00 = 127: cddr/ ,drive data calculated” is displayed.
Open control release again (X2A.6). Further data see chapter 12.

Depending on the used motor the identification takes some minutes. Noises in the motor can occur
caused by high frequency test signals.

9. Adjustment of specific data

dS02 current decoupling = 1:0n

uF15 hardware current lim. mode = 0: off

uF18 deadtime compensation mode = 3: automatically overload characteristic of the motor:
dr33 DSM max. torque (otherwise 5 x dr27 rated torque)

10. Optimize speed controller

See chapter 13 for all data of the adjustment

The start-up is successful completed if no error messages have arisen.
A detailed parameter description and their effects are described in chapter 12.

m Special adjustments are required for the operation of special or high-frequency motors. Please
: contact KEB for this case.
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7. Functions

71 Operating and appliance data
The parameter groups ,ru“, ,In“and ,SY* are described in this chapter. They serve for the operational moni-

toring, error analysis and evaluation as well as for the unit identification.

711 Overview of the ru-Parameters

The ru- (run) parameter group represents the multimeter of the inverter. Here speeds, currents, voltages etc.
are displayed, with those a statement about the operating condition of the inverter can be made. Especially
during start-up or trouble shooting on a unit, this can turn out to be a great aid. Following parameters are

available:
ru00 |inverter state ru41 modulation on counter
ru01 set value display ru42 | modulation grade
ru02 |ramp output display ru43 |timer 1 display
ru03 | actual frequency display rud4 |timer 2 display
ru05 |encoder 2 frequency ru4d5 | act. switching frequency
ru06 |actual value calculated ru46 | motor temperature
ru07 |actual value display ru47 |act. torque limit mot.
ru10 | encoder 2 speed ru48 |act. torque limit gen.
ruii set torque display ru49 | actual reference torque
ru12 | actual torque display ru52 | ext. PID out display
ru13 |actual utilization rus3 | AUX display
ru14 | peak utilization ru68 |rated DC voltage
ru15 |apparent current ru73 |settorque in percent
ru16 | peak apparent current ru74 |act. torque in percent
rul7 |active current ru78 |act. val.display in perc.
ru18 |actual DC voltage ru79 |abs. speed value (EMK)
ru19 |peak DC voltage ru80 | digital output state
ru20 |output voltage rug1 active power
ru21 input terminal state ru82 | ramp value disp. high-res.
ru22 |internal input state ru83 |act. value display high-res.
ru23 |output condition state ru87 | magnetising current
ru24 | State of output flags ru89 |act. src. speed
ru25 |output terminal state ru90 | max. torque in percent
ru26 |active parameter set ru91 energy over gtr7
ru27 | AN1 pre amplifier disp. ru92 |input power
ru28 | AN1 post amplifier display ru93 | power loss
ru29 | AN2 pre amplifier disp. ru96é | active sub index
ru30 | AN2 post ampl. disp. ru97 |internel temperature
ru33 |ANOUT1 pre ampl. disp.
rud4 | ANOUT1 post ampl. disp.
ru35 |ANOUTZ2 pre ampl. disp.
ru36 |ANOUTZ2 post ampl. disp.
ru37 | motorpoti actual value
ru38 | Power module temperature
ru39 |Overload integrator (E.OL)
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71.2 Overview of the In-Parameters

The In- (Information) parameter group contains data and information on the identification of the hardware and
software as well as on the type and number of the errors that occurred. Following parameters are available:

In00 | inverter type

In01 rated inverter current

In02 | max. output frequency
In03 | max. carrier frequency

In04 | rated switching frequency

In06 | software version

In07 | software date

In09 | serial no.

In10 | serial no. (date)
In11 serial no. (count)
In12 | serial no. (AB-no. high)

In13 | serial no. (AB-no. low)
In14 | customer no. high

In15 | customer no. low
In16 | QS no.
In17 | temp.- mode

In18 hardware current inverter

InN19 | rated inverter act. power
In22 | user parameter 1

In23 | user parameter 2

In24 last error

In25 | Error Assistance

In26 E.OC error counter

In27 | E.OL error counter

In28 E.OP error counter

In29 E.OH error counter

In30 | E.OHI error counter

In39 | deadtime selector

In40 | Dead time value

In41 | serial no. 2 (date)
In42 | serial no. 2 (count)
Ind3 | QS no. 2
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713 Overview of the Sy-Parameters
The Sy- (system) parameter group contains system specific parameters. Following parameters are available:

Sy02 | inverter identifier

Sy03 | power unit code

Sy06 |inverter address

Sy09 | watchdog time int. bus

Sy11 baud rate int. bus

Sy32 | scope timer

Sy41 | control word (high)

Sy42 | status word (high)

Sy43 | control word (long)

Sy44 | status word (long)

Sy50 | control word (low)

Sy51 | status word (low)

Sy52 | set speed value

Sy53 | actual speed value

Sy56 | start display address

71.4 Explanation to parameter description
The ru-, In-, Sy parameters are described in detail in this chapter.

Legend:
Addr. = Address
+ = set-programmable
PG = setprogrammable  — - = not set-programmable
+ = yes
E = ENTER-Parameter —
- = no
. ro = read only
R = Rights — _
rw = read/ write
D = Resolution and value range depending on the control type (Ud02)
Min. value = Minimum value
Max. = Maximum value
value
Res. = Resolution
Default = Default value
[ = Unit
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715

Description of the ru-Parameters

Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default

ru00 inverter state 2200h | ro - - 0 255 1 - 0

The inverter status shows the current operating condition of the inverter. In the case of an error the cur-
rent error message is displayed, even if the display has already been reset with ENTER (Error-LED on the
operator is still blinking). For more information about status messages as well as its cause and removal
refer to chapter 18.1 ,Errors and warning messages*.

Parameter Addr. | R | PG| E | Min.value | Max. value | Res. [?] | Default

ru01 |Setva|ue display 220th | ro | - | - -4000 4000 0.125 | rpm 0

Display of the actual set speed. For control reasons the set speed is displayed even if control release or
direction of rotation are not switched. If no direction of rotation is set, the set speed for clockwise rotation
(forward) is displayed.

A counter-clockwise rotating field (reverse) is represented by a negative sign. Precondition is the phase-
correct connection of the motor.

Parameter Addr. | R |PG|E Min. Max. value | Res. [?] | Default
value
ru02 | Display ramp output " 2202h | ro | - | - -4000 4000 0.125 | rpm 0

The displayed speed corresponds to the synchronous speed output at the ramp output. The output is dis-
played like ru01.

Parameter Addr. | R |PG| E | Min. value | Max. value | Res. [?] | Default
ru03 actual frequency 2203h [ ro | - | - -400 400 0.0125 | Hz 0
display "

The displayed actual frequency corresponds to the rotary field frequency output at the inverter output. The
output is displayed like ru01.

Parameter Addr. | R | PG| E | Min. value | Max. value | Res. [?] | Default

ru0s encoder 2 frequency | 2205h | ro | - | - -400 400 0.0125 | Hz 0

The displayed value corresponds to the measured frequency of encoder 2. Channel 2 is an initiator input
and can not be used as speed feedback or for the motor model. The initiator input channel 2 is only avail-
able for inverters with CAN control board.

Parameter Addr. | R | PG| E | Min. value | Max. value | Res. [?] | Default
ru06 actual value calcu- 2206h | ro | - | - -400 400 0.0125| Hz 0
lated

Display of the calculated rotor speed in act. speed resolution

Parameter Addr. | R | PG| E | Min.value | Max. value | Res. [?] | Default

ru07 |actua| value display " | 2207h | ro | - | - -4000 4000 0.125 | rpm 0

The actual speed is calculated or encoder channel 2 is displayed depending on the adjusted actual source
(cS01).
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Parameter Addr. | R | PG| E | Min.value | Max. value | Res. [?] | Default

ru10 | encoder 2 speed” 2210h | ro | - | - -4000 4000 0.125 | rpm 0

The displayed value corresponds to the measured actual speed of encoder 2. Channel 2 is an initiator input
and can not be used as speed feedback or for the motor model. The initiator input channel 2 is only avail-
able for inverters with CAN control board.

Parameter Addr. | R | PG| E | Min. value | Max. value | Res. [?] | Default
ruti set torque display 220Bh [ ro | - | - -32000 32000 0.01 Nm 0
The indicated value corresponds to the current set torque.

Parameter Addr. | R |PG | E | Min. value | Max. value | Res. [?] | Default
rui2 | actual torque display | 220Ch | ro | - | - -32000 32000 0.01 Nm 0

The indicated value corresponds to the actual torque.

Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default

ru13 | actual utilization 220Dh [ ro | - | - 0 255 1| % 0

Display of the current utilization referred to the rated current of the inverter. Only positive values are indi-
cated, thus it is not possible to differentiate between a motoric or generatoric operation.

Parameter Addr. R |PG | E | Min. value | Max. value | Res. | [?] | Default

ru14 peak utilization 220Eh | rw | - | - 0 255 1 % 0

ru14 permits the detection of short-time peak loads within an operating cycle. To this end the highest oc-
curred value of ru13 is stored in ru14. The peak value memory can be deleted by pressing the keys UP,
DOWN or ENTER and via bus by writing any chosen value to the address of ru14. Switching off the inverter
also clears the memory.

Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default

ru1d |apparentcurrent 220Fh | ro | - | - 0 6553.5 0.1 A 0

Display of the actual apparent current.

Parameter Addr. R | PG| E | Min. value | Max. value | Res. | [?] | Default

ru16 |peakapparentcurrent 2210h | rw | - | - 0 6553.5 0.1 A 0

ru16 permits the detection of short-time peak currents within an operating cycle. To this end the highest
occurred value of ru15 is stored in ru16. The peak value memory can be deleted by pressing the keys UP,
DOWN or ENTER and via bus by writing any chosen value to the address of ru16. The switch off of the
inverter also clears the memory.

Parameter Addr. | R | PG| E | Min. value | Max. value | Res. | [?] | Default

rul?7 active current 2211h | ro - - -3276.7 3276.7 0.1 A 0

Display of the torque-forming active current. Negative current corresponds to generatoric operation, posi-
tive current corresponds to motoric operation. The more precise the motor data are entered, the more pre-
cise is the indication of the active current. The maximum values depend on the size of the inverter.
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Parameter Addr. | R | PG| E | Min. value | Max. value | Res. | [?] | Default
ru18 actual DC voltage 2212h | rw | - | - 0 1500 1 V 0
Display of current DC-link voltage. Typical values:
Normal operation Overvoltage (E.OP): Undervoltage (E.UP):
230V class approx. 300...330VDC approx. 400VDC approx. 216V
400V class approx. 530...620VDC approx. 840VDC approx. 240V
Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default
ru19 peak DC voltage 2213h | ro | - | - 0 1500 1 Vv 0

ru19 permits the detection of short-time voltage rise within an operating cycle. To this end the highest oc-
curred value of ru18 is stored in ru19. The peak value memory can be deleted by pressing the keys UP,
DOWN or ENTER and via bus by writing any chosen value to the address of ru19. The switch off of the
inverter also clears the memory.

Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default
ru20 output voltage 2214h | ro | - | - 0 1167 1 Vv 0
Display of the current output voltage.

Parameter Addr. | R | PG| E | Min. value | Max. value | Res. | [?] | Default
ru21 input terminal state 2215h | ro | - | - 0 4095 1 - 0

Display of the digital inputs controlled currently. The logic levels are indicated at the input terminals or at the
internal inputs regardless of the following logic operations (see chapt. 9 ,Digital in- and outputs®). According
to following table a specific decimal value is given out for each digital input. If several inputs are controlled,
the sum of the decimal values is indicated.

Bit -No. | Dec. Input Terminal
0 1 ST (Prog. input ,control release/reset”) X2A.6
1 2 RST (Prog. input ,reset®) X2A.5
2 4 F (Prog. input ,forward) X2A.8
3 8 R (Prog. input ,reverse) X2A.7
4 16 11 (Prog. input 1) X2A.10
5 32 12 (Prog. input 2) X2A.9
6 64 13 (Prog. input 3) X2A.12
7 128 14 (Prog. input 4) X2A.11
8 256 IA (internal input A) no
9 512 IB (internal input B) no
10 1024 IC (internal input C) no
11 2048 ID (internal input D) no
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Addr. | R |PG|E Max. value | Res. | [?] | Default
ru22 |interna| input state 2216h | ro | - | - 0 4095 1 - 0

Display of the digital external and internal inputs set currently. The input is only regarded as set if it is avail-
able as effective signal to the further processing (i.e. accepted by strobe, edge-triggering or logic opera-
tion). A specific decimal value is output for each digital input according to table like ru21. If several inputs
are controlled, the sum of the decimal values is indicated (also see Chapt. 9 ,Digital in- and outputs®).

Parameter Min. value

Parameter Addr. | R | PG| E | Min. value | Max. value | Res. | [?] | Default

ru23 |outputcondition state 2217h | ro | - | - 0 255 1 - 0

Switching conditions that serve as base for setting the outputs can be selected with parameters do00...do07.
This parameter indicates which of the selected switching conditions are met before they are linked or in-
verted by the programmable logic (also see chapter 9 "Digital inputs and outputs"). According to following
table a specific decimal value is given out for the switching conditions. If several of the selected switching
conditions are met, the sum of the decimal values is indicated.

Bit Decimal Output

-No. value
0 1 Condition 0 (do00)
1 2 Condition 1 (do01)
2 4 Condition 2 (do02)
3 8 Condition 3 (do03)
4 16 Condition 4 (do04)
5 32 Condition 5 (do05)
6 64 Condition 6 (do06)
7 128 Condition 7 (do07)

Parameter Addr. | R | PG| E | Min.value | Max. value | Res. | [?] | Default
ru24 | state of output flags 2218h | ro | - | - 0 255 1 - 0

Display of the output flags after logic step 1. The selected switching conditions are linked in logic step 1
(do08...23) and indicated (see also Chapter 9 ,Digital Inputs and Outputs®). According to following table a
specific decimal value is given out for any output flags. If several output flags are set, the sum of the decimal
values is indicated.

Bit Decimal Output

-No. value
0 1 Flag 0 (do08...do23)
1 2 Flag 1 (do08...do23)
2 4 Flag 2 (do08...do23)
3 8 Flag 3 (do08...do23)
4 16 Flag 4 (do08...do23)
5 32 Flag 5 (do08...do23)
6 64 Flag 6 (do08...do23)
7 128 Flag 7 (do08...do23)
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Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default
ru25 | output terminal state 221%h | ro | - | - 0 255 1 - 0
Display of the external and internal digital outputs set currently. According to following table a specific deci-
mal value is given out for each digital output. If several outputs are set, the sum of the decimal values is
indicated.
Bit Decimal Output Terminal
-No. value
0 1 O1 (digital output 1) X2A.14
1 2 02 (digital output 2) X2A.13
2 4 R1 (Relay R1-A, R1-B, R1-C) X2A 30, 28, 26
3 8 R2 (Relay R2-A, R2-B, R2-C) X2A 29, 27, 25
4 16 OA (internal output A) no
5 32 OB (internal output B) no
6 64 OC (internal output C) no
7 128 OD (internal output D) no
Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default
ru26 active parameter set 221Ah | ro | - | - 0 7 1 - 0

The KEB COMBIVERT can have access to 8 parameter sets (0-7). Through programming the inverter can
change parameter sets autonomously and can thus start different modes of operation. This parameter
shows the parameter set, with which the inverter is operating currently. Another parameter set can be edited
independently via bus (see also chapter 19 "Parameter sets").

Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default

ru27 | AN1 pre amplifier disp. | 221Bh | ro | - | - -100 100 0.1 % 0

This parameter indicates the value in percent of the analog signal AN1 on the differential voltage input (ter-
minal X2A.17/X2A.18) before signal amplification. The indicated value of 0...£100 % corresponds depend-
ing on An00: 0...£10V; 0...+20 mA or 4...20mA (see also chapter 8 ,Analog in- and outputs®)

Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default
ru2g | AN1 postamplifier o500 o | - [ 2] -400 400 01| % | o
display

This parameter shows the value of the analog signal AN1 in percent after passing the characteristic ampli-
fier. The display range is limited to +400 % (see also chapt. 8 ,Analog in- and outputs®).

Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default

ru29 | AN2 pre amplifier disp. | 221Dh | ro | - | - -100 100 0.1 % 0

This parameter shows the value in percent of the analog signal AN2 on the differential voltage input (ter-
minal X2A.19/X2A.20) before the signal amplification. The indicated value of 0...+100 % corresponds de-
pending on An10: 0...210V; 0...£20mA or 4...20 mA (see also chapter 8 ,Analog in- and outputs®)
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Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default

ru30 | AN2 post ampl. disp. 221Eh | ro | - | - -400 400 0.1 % 0

This parameter shows the value of the analog signal AN2 in percent after passing the characteristic ampli-
fier. The display range is limited to +400 % (see also chapt. 8 ,Analog in- and outputs®).

Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default
ru33 ’;’;‘SU” preampl. | ooo1h | ro | - |- | -400 400 01| % | o

This parameter shows the value of the analog signal ANOUT1 in percent before passing the characteristic
amplifier (also see chapter 8 ,Analog in- and outputs®)

Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default
ru34 ’;’;‘SUH postampl. | oo0oh | 10 | - |- | -115 115 01| % | o

This parameter shows the value of the signal given out on analog output ANOUT1 (terminal X2A.22) in
percent. A value of 0...£115% corresponds to an output signal of 0...£11.5V (also see chapt. 8 ,Analog
in- and outputs®)

Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default
ru35 ﬁir;l;)um preampl. | 5oo3n [ ro | - | -| -400 400 01| % | o

This parameter indicates the value of the analog signal ANOUT2 in percent before passing the characteris-
tic amplifier (also see chapter 8 ,,,Analog in- and outputs®)

Parameter Addr. | R | PG| E | Min. value | Max. value | Res. | [?] | Default
ru36 ';';'poumposmmp" 2224h | ro | - [-| -115 115 01 | % 0

This parameter indicates the value of the signal given out on analog output ANOUT2 (terminal X2A.24) in
percent. A value of 0...£115% corresponds to an output signal of 0...£11.5V (also see chapt. 8 ,Analog
in- and outputs®)

Parameter Addr. | R | PG| E | Min. value | Max. value | Res. | [?] | Default

ru37 |motorpoti actual value | 2225h | ro | - | - -100 100 0.01 % 0

The motorpoti-function in the KEB COMBIVERT imitates a mechanical, motor operated potentiometer. The
control occurs via 2 prog. inputs (,Poti up® and ,Poti down*). The display is limited by oP53/54. The adjust-
ment of the motorpoti is done with parameters oP50...0P59 (also see chapt. 20.3 ,Motorpoti function®). By
way of the bus the motorpoti can be set to any chosen value between -100...100%. In addition to the inputs
the motorpoti can be operated with the keys ,UP* and ,DOWN?®. Then the rate of change is not constant.

Parameter Addr. | R | PG| E | Min. value | Max. value | Res. | [?] | Default
rugg | Powermoduletem- | ooosn | o | - | - -30 127 1 | °c 0
perature

ru38 displays the actual temperature at the power module.
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Parameter

Addr.

R

PG

E

Min. value

Max. value

Res.

[?]

Default

ru39

OL counter display

2227h

ro

0

100

1

%

0

In order to prevent "error: overload" due too high load (timely load reduction) the internal count of the OL
counter can be made visible with this display. On reaching 100 % the inverter switches off with error "error!
overload". The error can be reset only after a cooling time (blinking display ,no ERROR overload®).

Parameter

Addr.

R

PG

E

Min. value

Max. value

Res.

[?]

Default

ru40

power on counter

2228h

ro

0

65535

1

h

0

The operating hours meter shows the time the inverter was switched on. The indicated value comprises all
operating phases. On reaching the maximum value (approx. 7.5 years) the display remains on the maxi-
mum value.

Parameter Addr. | R | PG| E | Min. value | Max. value | Res. | [?] | Default

ru41 | modulation on counter 2229h | ro - | - 0 65535 1 h 0

The modulation hours meter shows the time the inverter was active (power modules controlled). On reach-
ing the maximum value (approx. 7.5 years) the display remains on the maximum value.

Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default

ru42 222Ah | ro | - | - 0 110 1 % 0

modulation grade

The modulation factor shows the output voltage in percent. 100% correspond to the input voltage (no-load).
At a value of > 100 % the inverter works with overmodulation.

Parameter Addr. R | PG| E | Min.value | Max. value | Res. | [?] | Default

ru43 |timer1 display 222Bh | rw | - | - 0 655.35 0.01 - 0

The count of the free-programmable timer 1 is indicated. The display is done either in seconds, in hours
or in slopes/100 (see LE21). The counter can be adjusted to any chosen value by keyboard or bus. The
programming of the counter is done with parameters LE17...LE21 (see also chapter 20.4 ,Timer / counter
programming®)

Parameter Addr. R | PG| E | Min. value | Max. value | Res. | [?] | Default

222Ch | rw | - | - 0 655.35 0.01 - 0

ru44 | timer 2 display

The count of the free-programmable timer 2 is indicated. The display is done either in seconds, in hours
or in slopes/100 (see LE26). The counter can be adjusted to any chosen value by keyboard or bus. The
programming of the counter is done with parameters LE22...LE26 (see also chapter 20.4 ,Timer / counter
programming®)

Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default

ru45 | act. switching fre- 222Dh | ro | - | - 0 4 1 - 0

quency

Indicates the actual switching frequency of the inverter. The displayed values correspond to the following
switching frequencies:

0=2kHz 1=4kHz |2=8kHz 3=12kHz |4=16kHz
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Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default

ru46 | motor temperature 222Eh | ro | - | - 0 255 1 °C 0

Indicates the current motor temperature. Precondition for this function is aspecial power circuit. The tem-
perature detection is connected to terminals T1/T2.

Analog values in °C are only issued with a special power unit (not available for all housing types). If the
special power unit is not available, only the values from the following table can be issued.

0: T1/T2 closed
252: power unit not ready
253, 254: | Cable breakage; short circuit; detection error
255: T1/T2 open
Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default
ru47 | act. torque limit mot. 222Fh | ro | - | - -32000 32000 0.01 | Nm 0

This parameter indicates the actual adjusted set torque limit for motor operation.

Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default

rud8 | act. torque limit gen. 2230h | ro | - | - -32000 32000 0.01 | Nm 0

This parameter displays the currently adjusted set torque limit for generatoric operation.

Parameter Addr. | R |PG | E | Min. value | Max. value | Res. | [?] | Default
ru49 | actual ref. torque 2231th | ro | - | - -32000 32000 0.01 | Nm 0
This parameter displays the preadjusted setpoint torque at the input of the torque controller.

Parameter Addr. | R | PG| E | Min.value | Max. value | Res. | [?] | Default
ru52 | ext. PID out display 2234h | ro | - | - -400 400 0.1 % 0

A universal Pl-controller is integrated into the inverter. It can be used externally as well as internally. So that
the controller is as independent as possible, the displayed manipulated variable, referring to a +/- signal, is
output in percent.

Parameter Addr. | R | PG| E | Min.value | Max. value | Res. | [?] | Default

rus3 | AUX display 2235h | ro | - | - -400 400 0.1 % 0

The AUX input is adjusted with An30. This parameter shows the value of the analog signal AUX in percent.
The display range is limited to +400 % (see also chapt. 8 ,Analog in- and outputs®).

Parameter Addr. | R |PG|E | Min.value | Max.value | Res. | [?] | Default

rué8 | rated DC voltage 2244h | ro | - | - 0 1500 1 \% 0

This parameter displays the rated DC link voltage automatically determined by the inverter. The value is
measured at switch-on.

Parameter Addr. | R |PG|E | Min. value Max. value | Res. | [?] | Default

ru73 |settorque in percent | 2249h | ro | - | - -400 400 0.1 % 0

This parameter displays the adjusted set torque (ru11) in percent at the input referring to the absolute
torque reference (cS19).
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Parameter Addr. | R |PG|E | Min. value Max. value | Res. | [?] | Default
ru74 | 3ctual torque in 224Ah [ ro | - |- | -400 400 01| % | o
percent

This parameter displays the actual torque display (ru12) in percent at the input referring to the absolute
torque reference (cS19).

Parameter Addr. | R |PG|E | Min. value Max. value | Res. | [?] | Default
ruzg | 2Ct valdisplayin oosen | o | - |- | 400 400 01| % | o
perc.
This parameter displays the actual value (ru.07) in percent referring to the max. reference forward
(oP.10).
Parameter Addr. | R |PG| E| Min.value | Max. value | Res. [?] | Default
abs. speed value
ru79 (EMC) 224Fh | ro | - | - -4000 4000 0.125 | rpm 0

In order to protect the inverter against overvoltage in the field weakening range, an EMC dependent
speed should not be exceeded. This calculated value has priority to all other limits and it is displayed in
ru79.

Parameter Addr. | R |PG| E| Min.value | Max. value | Res. [?] | Default
rugo |digita| output state 2250h [ ro | - | - 0 255 1 - 0

The digital output signals can be assigned to the hardware outputs with do51 (see also chapter 9 ,Digital in-
and outputs®). This parameter displays the state of the output signals before the assignment in accordance
with the following table. If several outputs are set, the sum of the decimal values is indicated.

Bit Dec. Output Terminal

-No. value
0 1 O1 (transistor output 1) X2A.14
1 2 02 (transistor output 2) X2A.13
2 4 R1 (Relay R1-A, R1-B, R1-C) | X2A.30, 28, 26
3 8 R2 (Relay R2-A, R2-B, R2-C) | X2A.29, 27, 25
4 16 OA (internal output A) no
5 32 OB (internal output B) no
6 64 OC (internal output C) no
7 128 OD (internal output D) no

Parameter Addr. | R |PG| E| Min.value | Max. value | Res. [?] | Default
ru81 | active power 2251th | ro | - | - -1000 1000 0.01 kW 0

The current active power of the inverter is displayed with parameter ru81. Negative values are displayed
during generatoric operation.

Parameter Addr. | R |PG| E| Min.value | Max. value | Res. [?] | Default
ru82 | ramp value disp. 2252h | ro | - | - | 2147483647 | 2147483647 1 - 0
high-res.
Parameter ru82 displays the value of the ramp output (ru02) in high-resolution (see chapter ,Setpoint set-

ting®).
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Parameter

Addr.

Min. value

Max. value

Res.

[?] | Default

ru83 | act. value display

high-res.

2253h

-2147483647

2147483647

- 0

Parameter ru.83 displays the actual value (ru.07) in high-resolution (see chapter ,Setpoint setting").

Parameter Addr. | R |PG|E | Min. value Max. value | Res. | [?] | Default
ru87 | magnetising current 2257Th | ro | - | - -3276.7 3276.7 0.1 A 0
The magnetizing current is displayed in ru87.

Parameter Addr. | R |PG|E | Min.value | Max.value | Res. [?] | Default
ru8sg |act. src. frequency 2258h | ro | - | - -400 400 0.0125 | Hz 0

Parameter ru88 displays the frequency, which is set in cS01 as the actual value for frequency control.

Parameter Addr. | R |PG| E| Min.value Max. value | Res. [?] | Default
rug9 | act. src. speed 225%h | ro | - | - -32000 32000 1 rom | 0.000
Parameter ru89 displays the speed which is set in cS01 as actual value for speed control.
Parameter Addr. | R |PG|E | Min. value Max. value | Res. | [?] | Default
ru90 | max. torque in per- 225Ah | ro | - | - 0 400 0.01 % 0
cent

Parameter ru90 displays the actual torque in percent related to the max. torque. The max torque can be
related to different parameters (LE27: reference torque, LE28: ref torque mode, act. torque limit ru47/ru48).

Parameter

Addr.

R | PG

E

Min. value

Max. value

Res.

[?] | Default

ru91 | energy over gtr7

225Bh

w | np

0

99999

1

KWh 0

The energy which is converted over the GTRY resistor is displayed in parameter ru91. On reaching the
maximum value of 99999 kWh the counter is limited to this value.Parameter ru91 is writeable. It is set to its
default value by new-initialization

Parameter Addr. | R |PG|E | Min. value Max. value | Res. | [?] | Default
ru92 | input power 225Ch | ro | - | - -1000 1000 0.01 | kW 0
The input power is displayed with parameter ru92.

Parameter Addr. | R |PG|E | Min.value Max. value | Res. | [?] | Default
ru93 | power loss 225Dh | ro | - | - -1000 1000 0.01 | kW 0
The power losses are displayed with parameter ru93.

Parameter Addr. | R [PG|E | Min.value Max. value | Res. | [?] | Default
ru96 | active sub index 2260h | ro | - | - 1 8 1 - 1
Displays the active subindex.

Parameter Addr. | R |PG|E | Min.value Max. value | Res. | [?] | Default
rug7 | internel temperature | 2261h | ro | - | - -30 127 1 °C 0

Displays the internal inverter temperature.
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7.1.6 Description of the In-Parameters
Parameter Addr. R |PG|E| Min.value Max. value | Res. | [?] | Default
In00 inverter type 2E00h | ro - |- 0 65535 1 - 0
Bit Description Meaning
0
1
2 binary coded, e.g. 00101 for size 05
3
4
5 Voltage class 0 230V 1 400V
6 Power phases 0 single phase 1 3-phase
7 free 0
8 000h | Ahousing
9 . . 100h | B-housing
Housing size -
10 200h | C housing
12 400h | E housing
13 0000h | SH2 control C000h | P control
14 Control type 8000h | K control
15 EOQ0Oh | L control
Parameter Addr. | R |PG|E | Min.value Max. value | Res. | [?] | Default
In01 | rated inverter current | 2EO1h | ro | - | - LTK LTK 0.1 A 0

Display of the inverter rated current in A. The value is determined from the power circuit identification (P-ID)
and cannot be changed.

Parameter Addr. | R |PG|E | Min. value Max. value | Res. | [?] | Default
Ing2 | Max. output fre- 2E02h | 1o | - | - 0 32768 1 | Hz| o
quency

Display of the maximum output frequency.

Parameter Addr. | R | PG | E Min. value Max. value | Res. [?] | Default
Ino3 | Max. switching | 5oy | 1o | - | - 0 4 1 . 0
frequency

Display of the maximum possible switching frequency in kHz for this inverter. The displayed values corre-
spond to the following switching frequencies:

0=2kHz 1=4kHz 2=8kHz 3=12kHz | 4=16kHz
Parameter Addr. | R | PG | E Min. value Max. value | Res. [?] | Default
Ino4 | rated switching | oeqpp | g | L | 0 LTK 1 SR
frequency
Display of the rated switching frequency in kHz. The displayed values correspond to the following switching
frequencies:
0=2kHz 1=4kHz 2=8kHz 3=12kHz | 4=16kHz
Parameter Addr. | R |PG| E | Min. value Max. value | Res. | [?] | Default
In06 | software version 2E06h | ro | - | - SW SW 1 - -
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Parameter

| Addr. | R [PG|E| Min. value

Max. value | Res. | [?] |Defau|t

Display of the software version number.

1. and 2. digit: Software version (e.g. 1.1)
3. digit: Special version (0 = standard)
Parameter Addr. | R |PG|E | Min.value Max. value | Res. | [?] | Default
In07 | software date 2EQ7h | ro | - | - SW SwW 0.1 - -
Display of the software date. The value for the software date consists of year, month and day.
Example: Display = 2012.0127
Date =27.01.2012
Parameter Addr. | R |PG|E | Min. value Max. value | Res. | [?] | Default
In09 2EQ%h | ro | - | - 0 2147483647 1 - -
Display of the serial number
Parameter Addr. | R |PG| E | Min.value Max. value | Res. | [?] | Default
In10 | serial no. (date) 2EOAh | ro | - | - 0 65535 1 - 0
In11 | serial no. (count) 2EOBh | ro | - | - 0 65535 1 - 0
In12 | serial no. (AB-no. high) |2EOCh| ro | - | - 0 65535 1 - 0
In13 | serial no. (AB-no. low) 2EODh | ro | - | - 0 65535 1 - 0
In14 | customer no. high 2EOEh | ro | - | - 0 65535 1 - 0
In15 | customer no. low 2EOFh | ro | - | - 0 65535 1 - 0
In16 | QS no. 2E10h | ro | - | - 0 65535 1 - 0

The serial number and the customer number identify the inverter. The QS-number contains production
internal information.

Parameter Addr. R PG | E | Min.value | Max. value | Res. [?] | Default
In17 | Temperature 2E11h ro - |- 0 LTK 1 - LTK
mode
Parameter In17 displays the temperature mode of the inverter.
In17 Function of T1, T2 Pn72 Resistance Display ru46 Error/ warning "
<750Q T1-T2 closed -
0.75...1.65kQ )
) ; not defined -
oxh | PTC (according to DIN| (reset resistance)
EN 60947-8) 1.65...4kQ .
- . not defined X
(tripping resistance)
> 4kQ T1-T2 open X
COMBIVERT G6 © KEB, 2019-03
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Parameter | Addr. | R | PG | E | Min. value | Max. value | Res. | [?] | Default
<215Q Detection error 253 X
498 Q 1°C -2
KTY 84 3 0 1kQ 100°C X2
1.722kQ 200°C x 2
>1811Q Detection error 254 X
7xh <7500 T1-T2 closed -
. 0.75...1.65kQ
PTC (according to DIN (reset resistance) - -
EN 60947-8) 1
(Standard) _ 1_.65...4_kQ ) X
(tripping resistance)
> 4kQ T1-T2 open X
1) The column is valid at factory setting and Ud02 = 4 (G6L, G6P). At Ud02 < 4 the function must
be programmed accordingly with parameters Pn12, Pn13 and Pn62 (not available for all housing
types).
2) The shutdown is dependent on the adjusted temperature in Pn62.
3) A temperature evaluation with KTY sensor is only possible in E housing.
Parameter Addr. | R [PG|E | Min.value Max. value | Res. | [?] | Default
In1g | hardware current 2E12h |ro | - | - LTK LTK 01| A | -
inverter
The short-time current limit can be read in parameter In18.
Parameter Addr. | R [PG|E| Min.value Max. value | Res. | [?] | Default
In1g | rated inverteract. | ez | o | - || LTK LTK | 001 | kw | -
power

Parameter In19 displays the rated inverter act. power of the motor recommended by KEB. The rated active
power of the recommended motor is different (depending on the frequency inverter size)

Parameter Addr. | R [PG|E | Min.value Max. value | Res. | [?] | Default
In22 | User parameter 1 2E16h | rw | - | - 0 65535 1 - 0
In23 | user parameter 1 2E17h | rw | - | - 0 65535 1 - 0
This parameters are not assigned to any function and are available to the user for input.

Parameter Addr. | R [PG|E| Min.value Max. value | Res. | [?] | Default
In24 | last error 2E18h | ro | - | - 0 255 1 - -

In24 stores the 8 errors that occurred last, the display is set-programmable. Errors ,undervoltage®, ,loading*
and ,phase loss” are not stored. The error messages are described in chapter 22.
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Parameter

Addr.

R

PG

E

Min. value

Max. value

Res.

[?] | Default

In25

error diagnosis

2E19h

ro

- 0

65535

1

- 0

Shows the last 8 errors that occurred (in the sets 0...7). Only the errors of parameters In26...In30 are listed.
The oldest error is in set 7. Between errors of the same type a difference time is determined and stored too.

Bit 0...11 Value Description
0...4094 | Difference time in minutes
4095 Difference time > 4094 minutes
Bit 12...15 Value Error Value Error Value Error
0 ERROR 3 E.OP 6...15 free
disabled
1 E.OC 4 E.OH
2 E.OL 5 E.OHI
Parameter Addr. | R [PG|E | Min. value Max. value | Res. | [?] | Default
In26 | E.OC error counter 2E1Ah | ro | - | - 0 65535 1 - 0
In27 | E.OL error counter 2E1Bh | ro | - | - 0 65535 1 - 0
In28 | E.OP error counter 2E1Ch|ro | - | - 0 65535 1 - 0
In29 | E.OH error counter 2E1Dh|ro | - | - 0 65535 1 - 0
In30 | E.OHI error counter 2E1Eh | ro | - | - 0 65535 1 - 0
The error counters (for E.OC, E.OL, E.OP, E.OH, E.OHI) specify the total number of errors of each error
type.
Parameter Addr. | R |PG | E | Min. value Max. value | Res. | [?] | Default
In39 | deadtime selector 2E27h | rw | - |+ 0 329 1 - 0

The measured values of the characteristic "deadtime selector" can be read out in parameter In39. In39 is
the selector parameter for the value in parameter In40.

Parameter Addr. | R |PG|E | Min. value Max. value | Res. | [?] | Default
In40 | deadtime 2E28h | rw | - | - 0 255 1 - 0
The measured values of the characteristic "deadtime" can be read out in parameter In40.

Parameter Addr. | R |PG|E | Min. value Max. value | Res. | [?] | Default
In41 | serial no. 2 (date) 2E29h | ro | - | - |-2147483648 | 2147483647 1 - 0
In42 | serial no. 2 (count) 2E2Ah | ro | - | - |-2147483648 | 2147483647 1 - 0
In43 | QS no. 2 2E2Bh | ro | - | - 0 65535 1 - 0

The serial number 2 identifies the power unit. The QS-number 2 contains production-internal information.
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71.7

Description of the Sy-Parameters

Parameter Addr. | R |PG | E| Min.value | Max. value | Res. | [?] | Default

Sy02 |Inverter identifier 2002h | ro | - | - 0000 9999 1 hex -

An unique number is assigned to each inverter type and firmware version which identifies the inverter. This
value is used for example by COMBIVIS to load the correct configuration files. Sy02 can be written with the
indicated value (e.g. for the identification of download lists).

Parameter Addr. | R |PG| E| Min.value | Max. value | Res. | [?] | Default

Sy03 |powerunitcode 2003h | ro | - | - LTK LTK 1 - LTK

This parameter is used to display the power unit code. On the basis of the power unit code the control rec-
ognizes the used power unit.

Parameter Addr. R |PG|E | Min.value | Max. value | Res. | [?] | Default

Sy06 |inverter address 2006h | rw - |+ 0 239 1 - 1

The address if the inverter shall be responded via ,COMBIVIS® or another control can be adjusted in Sy06.
Values between 0 and 239 are possible, the default value is 1. If several inverters are operated on the bus
simultaneously, it is absolutely necessary to assign different addresses to them. Since otherwise it leads
to communication failures, because several inverters may answer at the same time. This parameter is only
effective for the diagnostic interface. More information can be found in the description of the DIN 66019l
protocol (COF5011-K001). Sy06 is not reset on loading the default parameters.

Parameter Addr. | R |PG| E| Min.value | Max. value | Res. | [?] | Default

Sy09 |watchdog time int. bus | 2009h | rw | - | + 0 10 0.05 s 0

The watchdog function monitors the communication of the internal bus (control board - power unit). After
expiration of an adjustable time (0.05...10 s) without incoming telegrams, the response adjusted in Pn05 is
triggered. Value ,0: off* deactivates the function.

Parameter Addr. | R |PG| E | Min.value | Max. value | Res. | [?] | Default

Sy11 | baud rate int. bus 200Bh | ro | - | + 20 23 1 - LTK

The transmission rate between power unit / control board is determined with the internal baudrate. Follow-
ing values are possible:

Value | Baud rate

20 | Synchronous 1Mbps/1ms BCC

21 | Synchronous 1Mbps/2ms BCC

22 | Synchronous 1Mbps/1ms CRC

23 | Synchronous 1Mbps/2ms CRC

Parameter Addr. | R [PG | E | Min.value | Max. value | Res. | [?] | Default

Sy32 | scope timer 2020h | ro | - | - 0 65535 1 - LTK

The scope timer generates a time period of 1 ms. This can be used by external programs, e.g. scope, to
represent time patterns. The timer counts from 0...65535 and starts again with 0 after an overflow.

© KEB, 2019-03

COMBIVERT G6 47




Functions

Parameter

Addr.

R

PG

E

Min. value

Max. value

Res.

[?]

Default

Sy41 | control word (high) 2029 | rw - |+ 0 65535 1 - 0

The control word is used for state control of the inverter via bus. The control word long (Sy43) consists of
the two 16-bit parameters control word high (Sy41) and control word low (Sy50). The status word is bit-
coded. The description of the individual bits is found in chapter 24.

Parameter Addr. | R |PG| E| Min. value | Max. value | Res. | [?] | Default

Sy42 | status word (high) 202Ah | ro | - | - 0 65535 1 - 0

With the status word the current condition of the inverter can be readout via bus. The status word long
(Sy44) consists of the two 16-bit parameters status word high (Sy42) and status word low (Sy51). The sta-
tus word is bit-coded. The description of the individual bits is found in chapter 24.

Parameter Addr. R |[PG|E| Min.value Max. value | Res. |[?] | Default

Sy43 | control word (long) 202Bh | rw | - |+ |-2147483648 | 2147483647 1 | -| o0

The control word is used for state control of the inverter via bus. The control word long (Sy43) consists of the
two 16-bit parameters control word high (Sy41) and control word low (Sy50). The status word is bit-coded.
The description of the individual bits is found in chapter 24.

Parameter Addr. | R |PG|E| Min.value Max. value | Res. | [?] | Default

Sy44 |status word (long) 202Ch | ro | - | - | 2147483648 | 2147483647 | 1 - 0

With the status word the current condition of the inverter can be readout via bus. The status word long
(Sy44) consists of the two 16-bit parameters status word high (Sy42) and status word low (Sy51). The sta-
tus word is bit-coded. The description of the individual bits is found in chapter 24.

Parameter Addr. R |PG|E| Min.value Max. value | Res. | [?] | Default

Sy50 |control word (low) 2032h | rw - |+ 0 65535 1 - 0

The control word is used for state control of the inverter via bus. The control word long (Sy43) consists of the
two 16-bit parameters control word high (Sy41) and control word low (Sy50). The status word is bit-coded.
The description of the individual bits is found in chapter 24.

Parameter Addr. | R |PG | E | Min.value Max. value | Res. | [?] | Default

Sy51 |status word (low) 2033h | ro | - | - 0 65535 1 - 0

With the status word the current condition of the inverter can be readout via bus. The status word long
(Sy44) consists of the two 16-bit parameters status word high (Sy42) and status word low (Sy51). The sta-
tus word is bit-coded. The description of the individual bits is found in chapter 24.

Parameter Addr. R | PG| E | Min.value | Max. value | Res. | [?] | Default

Sy52 |setspeed value 2034h | rw - |- -32000 32000 1 rpm 0

Setting of the set speed value in the range of £32000 rpm. The reference source oP00 must be set to ,5*
for setpoint setting via Sy52. The rotation source is determined via oP01 like the other absolute reference
sources.
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Parameter Addr. | R |PG| E | Min.value | Max. value | Res. | [?] | Default
Sy53 | actual speed value 2035h | ro | - | - -32000 32000 1 rpm 0

The actual speed in rpm can be read out with this parameter. The direction of rotation is signalled by the
sign. The rated motor speed must be correctly entered in modes G6L-G and G6P-S (v/f operation) to cal-
culate the frequency.

Parameter Addr. R | PG| E | Min.value | Max. value | Res. | [?] | Default
Sy56 |start display address | 2038h | rw | - |+ 0 32767 1 - | K

Sy56 adjusts the parameter address which shall be represented in the display when switching on. Opera-
tor parameters (control board parameter) can also be set as starting display. Only valid addresses are ac-
cepted. If there is adjusted an invalid address (neither assigned in the inverter nor on the control board) the
control board searches for the next existing address of the parameter group.

If this parameters is available in the CP-Mode, the setting becomes effective there. Otherwise CPOO is in-
dicated as start parameter.
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8. Analog Inputs and Outputs

8.1 Summary description analog inputs

By selecting an input interface (An00/An10) input AN1 or AN2 can be adjusted to the applied input signal.
Subsequently the analog inputs are smoothed in an electronic filter (An01 / An11) by averaging. A save mode
can be set with An02/An12 and activated with a programmable input (An03/An13). To avoid voltage fluctua-
tions and ripple voltages around the zero point the analog signal can be faded out around the zero point up
to £10 % (An04/An14). In the characteristic amplifier the input signals can be influenced in X and Y direction
as well as in the rise (An05...An07/ An15...An17/An25...An27). At the output of the characteristic amplifier
the signal can be limited to a minimum and maximum value (An08, An09/An18, An19). At the output of the
block it can be defined with An30 which analog signal serves as reference value and which one serves as
AUX-value. The ru-Parameters are used for the display of the analog signal pre and post amplifier. The in-
ternal values are limited to £400%.

e ]
i An05
! An00 An06  An08 |
AN 0.2100% An04 | |Ano7| An09 (ru2s] _An30 |
* An02 ’ N )i 400%
-AN1ﬁ|>— s \aﬁ’REF
i An15 |
i An16  An18 i
AN2(!?— A:.jfmo% prts A7 | ants [ ”‘130 ) l
' i) (|7 | Nagb/
ANz 7 [>| s T
| |
e |
Figure 8.1 Principle of the analog inputs
An00 ANT1 interface selection An19 AN2 upper limit
An01  AN1 noise filter An30 sel.REF inp./AUX-function
An02 AN1 save mode ru27 AN1 pre amplifier disp.
An03 AN1 save trig. input selection ru28 AN1 post amplifier display
An04 AN1 zero clamp ru29 AN2 pre amplifier disp.
An05 ANT1 gain ru30 AN2 post ampl. disp.

An06 AN1 offset X

An07 AN1 offSet Y

An08 AN1 lower limit

An09 AN1 upper limit

An10 AN?2 interface selection
An11  AN2 noise filter

An12 AN2 save mode

An13 AN2 save trig. input selection
An14  ANZ2 zero clamp

An15 AN2 gain

An16 AN2 offset X

An17 AN2 offset Y

An18 AN2 lower limit
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8.2
8.2.1

Interface selection

AN1/AN2 (An00 / An10)
Depending on the adjusted interface (An00 / An10) the analog inputs AN1 and AN2 can process the following
input signals:

An00 / An10: Interface selection

Value | Meaning
0 0...+10V (default)
1 0...220mA
2 4..20mA

Ri =55kQ

17118 (192021

o

Figure 8.2 Connection as differential voltage inputs 0...£10V DC
1) Terminal strip X2A

2)PLC

3) Connect equipotential bonding conductor only, if a potential difference of > 30 V exists between the con-
trols (PLC -frequency inverter control board). The internal resistance of the frequency inverter is reduced here

to 30 kOhm.

R=0..3/5/10kQ

161820 |22 i

1517|1921
L [ |

Figure 8.3 Control with poti and internal reference voltage

Ri amounts 30kQ at the terminals at value 0 (0...10V DC) in parameters An00/An10. Terminal
CRF (Pin 16) at X2A may be loaded with max. 4mA.

Figure 8.4 Control with current signal (An00/An10 =1 or 2)

© KEB, 2019-03 COMBIVERT G6 51




Analog Inputs and Outputs

8.3 Noise filter (An01 / An11)
The noise filters shall suppress disturbances and ripples of the input signals. If the noise filter is switched off
the analog inputs are queried every 2ms and the recorded value is transferred then. The noise filter adjust-
ments preset the number of sampled values for the averaging.

AnO01 / An11: Noise filter

Value Function

0 off (no averaging)
2 times

4 times

8 times

16 times
32-fold
64-fold

O N IWIN|~

8.4 Save mode (An02 / An12)

Coming from the input filter the save mode can be switched on with An02 / An12. If now the programmable
digital input (value 1) is set the analog signal is processed directly and written parallel into the non-volatile
memory. As soon as the digital input is disconnected (value 0), the inverter continuos to run with value stored
in the memory. Moreover, with An02 / An12 it can be determined whether the memory contents are saved or
deleted upon switch off.

An04 / An14: Save mode

Bit | Value | Meaning
0 Always release (default)

Release via digital input
No reset at power-on-reset (default)
Reset at power-on-reset

N|O|—-
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An02 / An12 Bit0
0: Always release
1: Release via dig. input
I il ‘I ------------------- 1]
I
from the g Xt —! t(;the o
input filter —’f—/1 1\"_>C aracteristic
, |_| ' amplifier
| 1 non-volatile | |
T - > memory !
Input selection An03 / An13 An02 / An12 Bit1
Input inactive: Value is not saved 0: No reset at power-on-reset
Input active: Value is saved 1: Reset at power-on-reset
Figure 8.5 Save mode
8.4.1 Input selection (An03 / An13)

The digital inputs for storing are selected with An03 / An13 in accordance with the table ,Input selection (see
also chapter ,Assignment of the inputs®). In order to store an analog value, the save mode must be switched
on (An02 / An12 = 1) and the selected input must be activated

An03 / An13: Input selection

Bit Decimal value | Input Terminal
0 1 ST (prog. input ,control release/reset”) X2A.6
1 2 RST (prog. input ,reset®) X2A.5
2 4 F (prog. input ,forward®) X2A.8
3 8 R (prog. input ,reverse®) X2A.7
4 16 I1 (prog. input 1) X2A.10
5 32 12 (prog. input 2) X2A.9
6 64 I3 (prog. input 3) X2A.12
7 128 14 (prog. input 4) X2A.11
8 256 IA (internal input A) no

9 512 IB (internal input B) no
10 1024 IC (internal input C) no

11 2048 ID (internal input D) no

© KEB, 2019-03 COMBIVERT G6 53




Analog Inputs and Outputs

8.5 Zero clamp (An04 / An14)
Through capacitive as well as inductive coupling on the input lines or voltage fluctuations of the signal source,
the motor connected to the inverter can still drift (tremble) during standstill in spite of the analog input filter. It
is the task of the zero clamp to suppress this.
With parameters An04 / An14 the respective analog signals can be faded out within a range of 0...£10%.
The adjusted value is valid for positive and negative input signals. If a negative percent value is adjusted the
hysteresis acts in addition to the zero point around the current setpoint. Setpoint changes are accepted only
if they are larger than the adjusted hysteresis.
Output signal (for further sig-
nal processing)
4
T 10%
| Input signal coming
«—=10% » from the noise filter
\ 10%
-10%T  fade-out range

v

Figure 8.6 Zero clamp
An04 / An14: Zero clamp
Value range | Meaning
-10.0%...10.0% | Value range of the hysteresis for An04 and An14.
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8.6

Gain of the input characteristic (An05...An07 / An15...An17)

With these parameters the input signals can be adapted in X and Y direction as well as in the rise to the
requirements. In the case of factory setting no zero point offset is adjusted, the rise (gain) is 1, i.e. the input
value corresponds to the output value of this stage (see Fig. 8.7). The output value is calculated according
to following formula:

ﬂ Out = Amplification « ( In - Offset X) + Offset Y

Output va

lue (Out)

A
100% + - - - - - -5

Input value (In)

-100%

-1 00%;'

N
O+ -—=—=-=-=-=2

'

Qv

Figure 8.7 Factory setting: no offset, gain 1
Input AN1 AN2 Value range Resolution Default
value
Gain An05 An15 -20.00...20.00 0.01 1.00
Offset X An06 An16 -100.0%...100.0% 0.1% 0.0%
Offset Y AnQ7 An17 -100.0%...100.0% 0.1% 0.0%
By means of some examples, we want to show the possibilities of these functions.
According picture 8.8
Example 1. adjustment of the X-offset for input AN1 to 50 (%)
Example 2. adjustment of the gain to 2
1. 100% 4 o= , 2. 100% - oo
ANOG / An05 E
—10:0% /50% 1(3(;% .;0:()% 1(I)0:%
-100%3 100%F == === |
Figure 8.8 X-Offset (An06) = 50%, Gain (An05) = 2.00
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With these settings the entire speed range can be driven with 0...10V via input AN1. (rotation direction =

tanalog)
0% In corresponds to -100% Out
50% In corresponds to 0% Out
100% In corresponds to 100% Out

According picture 8.9

Example 3. adjustment of the X-offset for input AN1 to 75 (%)
Example 4. adjustment of the Y-Offset for input AN1 to 100 (%)
Example 5. adjustment of the gain to -1

3. 4, 5.

An07=100%T - ----r - An07=100% 100% 7

An06=75%

, /

100% -100%

I

-100%

-100%

-100%7 -100%7 -100%7

Figure 8.9 X-Offset (An06) =75%; Y-Offset (An07) = 100%; Gain (An05) = -1.00

8.7 Lower limit and upper limit (An08, An09, An18, An19)

These parameters serve for limiting of the analog signals after the amplifier stage. All parameters are adjust-
able in the range of -400...400 %. Since no mutual locking exists, it is to be ensured, that the lower limit is
adjusted smaller than the upper limit.

An08 AN1 lower limit
An09  AN1 upper limit
An18 AN2 lower limit
An19  AN2 upper limit

An09 / An19

An08 / An18

Figure 8.10 Limitation of the analog signal
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Selection REF input / AUX-function (An30)

Assignment of the analog inputs:

An30: sel.REF inp./ AUX-function

Bit | Function | Value | Description Explanation
Selec-| (o |AN2input (ru30)
0.2 tion The REF input is selected with value 0
|REFt 1 AN2 input (ru30) (analog input 1) or 1(analog input2).
npu

0 Aux = source 1
8 Aux = source 1 + source 2

Selection of the calculation of the AUX in-
put value (addition, multiplication or abso-
lute-value generation)

3 5 AUX 16 Aux = source 1 x (source2 +
mode 100%)

24 Aux = source 1 x source 2
32 Aux = amount source 1

0 AN2 input (ru30) Source 1 = AN1 post amplifier
64 | AN2 input (ru30) Source 1 = AN2 post amplifier
128 | digital % (oP05) Source 1 = value of op05
192 | motorpoti (ru37) Source 1 = motorpoti value
256 | ext. PID output (ru52) Source 1 = PID controller base value
AUX
6...10 320 |reserved
Source 1
384 | reserved
448 | Encoder 2 value (ru05/10) Source 1 =ru10 / reference value x 100%
512 | Actual value (ru07) Frequency-/ speed range value > 100%
576 | ANOUT 1 (ru34) 100% > 100%
640 | ANOUT 2 (ru36) 100% > 100%
0 AN2 input (ru30) Source 2 = AN1 post amplifier
2048 | AN2 input (ru30) Source 2 = AN2 post amplifier
4096 | digital % (oP05) Source 2 = value of oP05
6144 | motorpoti (ru37) Source 2 = motorpoti value
8192 | ext. PID output (ru52) Source 2 = PID controller base value
11...15 AUX 10240 | reserved
Source 2

12288 | reserved
14336 | Encoder 2 value (ru05/ 10) Source 2 = ru10 / reference value x 100%

16384 | Actual value (ru07) Frequency-/ speed range value > 100%
18432 | ANOUT 1 (ru34) 100% > 100%
20480 | ANOUT 2 (ru36) 100% > 100%

The reference value for the calculation of the AUX signal from the encoder values of channel 1 or 2 is de-
pending on Ud02:

- Reference value = 100Hz in the 400Hz mode (Ud02 = 0)

- Reference value = 200Hz in the 800Hz mode (Ud02 = 1)

- Reference value = 1000 rpm in the 4000 mode (Ud02 = 4 or 8)
- Reference value = 2000 rpm in the 8000 mode (Ud02 = 5 or 9)
- etc. (see chapter 5 Selection of the operating mode)
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8.9 Brief description analog outputs
The KEB COMBIVERT has four programmable analog outputs (ANOUT1, 2 and ANOUT3, 4). Outputs
ANOUT 3 and ANOUT4 are realized by software. Parameters An31 / An36 allow the selection of one size
which is given out at the outputs X2A.22 / 24. ANOUT 3 and ANOUT 4 (An41 and 47) can be output as
switching condition 42 or 43 with the digital outputs as PWM signal. The analog signal can be adapted to the
requirements with the characteristic amplifier (An33...An35 / An38...An40 / An43...An45 / An49...An51). The
ru-parameters show the current size before and after the amplification. The period time for the PWM signal
can be adjusted with An46 / An52.
An31/An36 / And1 /| An47
Function Value
Actual value absolute ru07 0
Setpoint absolute ru01 1 An33
Actual value £ru07 | 2 A3 ﬁﬂgg
Setpoint +ru01 3 0..+10V
Output voltage ru20 4 R X2A.22
Actual DC voltage ru18 5 E ANOUTH
Apparent current ru1s 6 _ 0..:2100%
Active current ru17 7 @ ﬁé?\lg
2;gitza/knjzttmg by An32/An37/ Anxx 8 ﬁn?’g
n39
Ext. PID out display +ru52 | 9 An36 An40
Display external PID output absolut rus2 10 j— 0..+10V
Active current absolute rul7 1 g B i[z\j%aﬁ'z
Power module temperature ru38 12 — 0..+100%
Motor temperature ru46 13
Actual torque +rui2 14 @ _l_—o Xé?\IZDB
Actual torque absolute ru12 15 An43
An44
Ref. torque + rull 16 An41 An45 An46
Set torque absolute rui1 17 K 100%
System deviation/speed controller | - 18 o O do00...do07 = 42
Ramp output display + ru02 19 — I> PWM
Display ramp output absolute ru02 20
An49
reserved 21 An50
AN1 pre amplifier disp. w27 | 22 And7 And1 An52
AN1 post amplifier display ru28 23 a 100%
AN2 pre amplifier disp. ru29 24 — O do00...do07 =43
AN2 post ampl. disp. ru30 25 — PWM
Active power ru81 26
reserved 27
reserved 28
Max. torque in percent ru90 29
Figure 8.11 Principle of the analog outputs
ﬂ The reference values for mode 0-3 and 18-20 changes depending on Ud02.
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8.10

8.1

Output signals

ANOUT 1/ ANOUT 2, bipolar

A voltage of 0...+11.5VDC represents the selected size in the range of 0...£115% with a resolution of 11 bit
at the output. In order to be able to balance load-dependent voltage drops, the limitation at the output of the
characteristic amplifiers is £115 %.

Uout=0..£211,5V

out ~

Imax—10mA¢ N
ANOUT1 (X2A.22)/ ' @(szDm I XoA.23
ANOUT2 (X2A.24) (X2A. 23)

1
| S|

Re

Figure 8.12 Analog output

ANOUT 3/ ANOUT 4, PWM outputs

Process variables, that change only slowly, as for example the power module temperature, can be output
over two virtual analog outputs (ANOUT3 und ANOUT 4). This is realised through generation of a PWM-sig-
nal (pulse-width-modulation) on a digital output. The period T can be adjusted with parameter An46 or An52
LANOUT period“ of 1...240s.

ANOUT 3 /ANOUT4

A

Input value 50 %

Input value 25 % ’7 ’7 ’7 ’7

> I I ot

T=An46 / An52
Figure 8.13 PWM output signal

A4

Analog output / display (ru33...ru34 / ru35...ru36)

Following parameters are used for the display of the analog outputs, before and after the characteristic am-
plification:

ru33 ANOUT1 / pre amplifier display 0...2400 %
ru34 ANOUT1 / post amplifier display 0...2100%
ru35 ANOUT2 / pre amplifier display 0...2400 %
ru36 ANOUT2 / post amplifier display 0...2100%

No display is provided at analog outputs ANOUT3 and ANOUTA4.
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8.12

ANOUT 1... 4/ function (An31/ An36 / An41 / An47)

These parameters define the function which controls the respective output. Following adjustments are pos-

sible:
An31/ An36/ An41/ An47
Value | Function Output of 100 % corresponds to
0 | Absolute actual value (ru07) Amount of the speed actual value
y Absolute set value (ru01) Amount of speed set value before ramp
generator 3000rpm 2
2 Actual value (ru07) Speed actual value
3 | Set value (ru01) Speed set value
4 Output voltage (ru20) Output voltage 0...1500V
5 | Actual DC voltage (ru18) Actual DC voltage 0...1167V
6 | Apparent current (ru15) Apparent current 0...2 x rated inverter current
7 | Active current (ru17) Active current (In01)
Digital setting by (An32/ An37/ An42/ | Value setting by An32/ An37/ An42/ o
8 0...100 %
An48) An48
9 External PID output (ru52) Output value of the PID controller
-1 0...400 %
10 | Absolute ext. PIDoutput (ru52) ﬁ\;nount of the PID controller output val 0
11 | Absolute active current (ru17) Amount of the active current ?InO21))( inverter rated current
12 | Power module temperature (ru38) Power module temperature 0..100°C
13 | Motor temperature r(u46) Motor temperature
14 | Actual torque (G6L-M / G6P-S) Actual torque
Absolute actual torque (G6L-M / 0...3 x rated torque
15 Amount actual torque i | Y q
G6P-S) i l‘;’:}'g é’;):r';’ﬁsg DASM: dr14
16 | Set torque (GB6L-M / GBP-S) Ref. torque DSM: dr27
17 | Absolute set torque (G6L-M / GEP-S) Amount set torque
18 iy;stem deviation of the speed control- System deviation of the speed controller
19 | Speed reference variable (ru02) Speed set value after ramp generator 0...3000rpm
20 Absolute speed reference variable Angle difference
(ru02)
21 | reserved
22 | Analog input 1 pre amplifier (ru27) Value of An01 at terminal
23 | Analog input 1 post amplifier (ru28) Valug of An01 post analog value pro-
cessing
- - - 0...100 %
24 | Analog input 2 pre amplifier (ru29) Value of An02 at terminal
25 | Analog input 2 post amplifier (ru30) Valug of An02 post analog value pro-
cessing
0...2 x max. rated motor
26 | Active power (ru81) Active power power of the frequency in-
verter?
27 | reserved
28 | reserved
. Act. torque, referring to the max. permis-
0, 0,
29 | Max. torque in % (ru90) sible torque of the drive chain 0...100 %

" Depending on the rated inverter current (

n01), 2 depending on Ud02, ® depending on the motor
4 The value can be found in the technical data of the power circuit manual .
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8.13

Gain of the output characteristic (An33...An35 / An38...An40 / An43...An45 / An49...An51)

The characteristic amplifier are following after selecting the signal to be given out (see Fig. 8.11). With these
parameters the input signals can be adapted in X and Y direction as well as in the rise to the requirements.
No zero offset is adjusted at factory setting, the gain is 1, i.e. 100% of the output variable correspond to 10V
at the analog output.

Function ANOUT1 | ANOUT2 | ANOUT3 | ANOUT4 | Value range Resolution | Default
Gain An33 An38 An43 An49 +20.00 0.01 1.00
X offset An34 An39 And4 An50 1£100.0% 0.1% 0.0%
Y offset An35 An40 An45 An51 1£100.0% 0.1% 0.0%
Output voltage
out
115% \ Visible range
o /
-400%  -100% : .
B SRR ——————— 1. Fein
i 100%  400%
------- Yoo - - - - 4-100% =-10V
-115%
Figure 8.14 Factory setting: no offset, gain 1
Inverting the analog output
An example for using the characteristic amplifier is shown in Fig. 8.15
1. Adjust X offset (An34) to 100 (%)
2. Adjust the gain (An33) to -1
An35
A
100%
-100%
-100% 1
A
Figure 8.15 Inverting the analog output
These settings result in an inverting of the analog signal.
0% corresponds to 10V at the output
100% corresponds to oV at the output
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Analog output as switch
An example for using the analog output as 0/10V switch is shown in picture 8.16

1. Adjust the gain (An33) to 20.00
2. Adjust X offset (An34) to the desired switching level

r §
100%+ - 7-----,-- 10V

]
y
>
5
[3)
@

:
1

1

1

An34 )

- L
0

-100% 1

-100% ;

Figure 8.16 Analog output as switch

Because of the high amplification the analog output switches in a relative small switching window.
Calculation of the gain (An33 / An38 / An43 / An49)

Since the analog output always works firmly onto the values defined in 8.12, one can adjust the characteristic
with the aid of the gain that the complete range 0...£10V is used.

defined value

= gain (An33 / An38 / An43 / An49)
desired value

Example output frequency:

100Hz
68Hz

=1.47

8.14 ANOUT 1...4 Digital setting (An32 / An37 / An42 | An48)

Analog values can be preset in percent for the respective input with parameters An32 / An37 / An42 / An48.
For that purpose value 8: ,digital setting“ must be adjusted as process variable. The setting is done within the
range 100 %.
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9. Digital Inputs and Outputs

9.1 Summary description digital inputs

KEB COMBIVERT has 8 external digital inputs and 4 internal inputs (IA...ID). All inputs can be assigned to
one or several functions.

The external inputs are generally controlled with PNP wiring in the standard version. Parameter ru21 displays
the actual controlled inputs. Each input can be set either with di01 via the terminal block or by software with
di02. A digital filter di0O3 reduces the noise sensitivity of the inputs. The inputs can be inverted with di04 and
with di05 one can switch to edge-triggering. A strobe mode can be activated with parameters di06...di08.
The input state ru22 displays the inputs that are actually set for processing. The function(s) carried out by a
programmed input is defined by means of the input selection of the corresponding function or di11...22.

e ]
| |
| |
' 8 ‘
X2A5..12 [ ru21 | ru22 ‘
AID b 0 ‘ |
i di01  di40...di55 di04 dio3 dios dio8 Assign
‘ 12| digital 12 -
| { noise fiIterﬁ-{ l/ ~ T ment
‘ | of the
‘ 12 12 A ‘ inputs
y
di02 define | 4
! select 12 Stoba | stroé)e ‘
| digital input mode |
i Sse'e:; o dioe dio7 |
y 2
|| control word 8 |
‘ long ‘
S |
Figure 9.1 Principle of the digital inputs

9.2 Control release with Safe Torque Off (STO)

For safety reasons the control release (ST) or the STO terminals must generally be switched by hardware.
Edge-triggering, inversion and strobe signal can be adjusted but have no influence.

For units with safety function (STO) the STO terminal (X2B) acquires the function of the ST termi-

ﬂ nal (X2A.6)

The G6 Safety manual (Safety function STO) is available at www.keb.de for more information.
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9.3 Input signal PNP
internal supply external supply
Control voltage for digital C”””’””D—é C”’””’””D—%
inputs = 15...30V DC 0% 416811012 416/811012
thed
Smooie 3/5|7/9/|11 3/5/7/9|11
C__] N IS o -] RN o )
Q
Figure 9.2 Digital inputs in PNP control
9.4 Digital input setting per software (di01, di02)
Digital inputs without external wiring can be set with parameters di01 ,select signal source” and di02 ,digital
input setting®.
The control release must generally be switched by means of hardware even if one switches by software (see
Fig. 9.3 AND-operation with di02 and Sy50)!
Sy50 Bit0 =1 dio1
ST t . |:. = ST
. . L4 ) ]
Terminal strip o o o
] ° °
14 <. 128 " internal input state
A 1230 A
internal inputs B 3. 512 B
IC :\1 024 IC
ID ,.\2048 D
1e0¢128 256 512 1024 2048
di02
Figure 9.3 Digital inputs controlled by software (di01/ di02)
As seen in Fig. 9.3, it can be selected with diO1 if the inputs are switched by the terminal strip (default) or
via parameter di02. Both parameters are bit-coded, i.e. the appropriate value for the input is to be entered
according to the following table. In the case of several inputs the sum is to be formed.
Exception: The control release must be supplied with 24V. The 24V supply can be done e.g. with the 24V
output (X2A.4).
64
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9.5

9.6

9.7

Table: Terminal status

di07: select signal source
Bit Decimal Input Terminal
value

0 1 ST (prog. input ,control release/reset”) X2A.6
1 2 RST (prog. input ,reset) X2A.5
2 4 F (prog. input ,forward®) X2A.8
3 8 R (prog. input ,reverse®) X2A.7
4 16 I1 (prog. input 1) X2A.10
5 32 12 (prog. input 2) X2A.9
6 64 I3 (prog. input 3) X2A.12
7 128 14 (prog. input 4) X2A.11
8 256 IA (internal input A) no

9 512 IB (internal input B) no
10 1024 IC (internal input C) no
11 2048 ID (internal input D) no

Example: ST, F and IB are controlled, indicated value = 1+4+512 = 517

Input terminal state (ru21), internal input state (ru22)

The input terminal state (ru21) displays the logical level at the input terminals. It is unimportant, whether the
inputs are internally active or not. If a terminal is controlled, the appropriate decimal value according to table
"terminal state" is output. If several terminals are active, then the sum of the decimal values is output.

The internal input state (ru22) displays the logical state of the digital inputs internally set for further process-
ing. If an input is set, the appropriate decimal value according to the table , Terminal state” is output. If several
inputs are set, then the sum of the decimal values is output.

Digital noise filter (di03)

The digital noise filter reduces the susceptibility to interferences on the digital inputs. Only hardware inputs
can be filtered. Each input has a separate filter counter that counts up at active input and down at inactive
input. The output of the filter is set on reaching the filter time and reset when zero is reached.

An04 / An14: Save mode

Value range
0..127 ms

Input logic (di04)

If a signal is 1- or 0-active (inverted)can be adjusted with parameter di04. The parameter is bit-coded, i.e. the
value corresponding to the input must be entered. If several inputs shall be inverted, then the sum is to be
formed. (Exception: An inversion of the control release remains without function).
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9.8 Turn on- and turn off delay time of the digital inputs
Turn on- and turn off delay time for the digital inputs can be realized with parameters di40...di55.
di40 | I1 activation delay di41 | I1 deactivation delay
di42 |12 turn on delay time di43 |12 deactivation delay
di44 | I3 turn on delay time di45 | I3 deactivation delay
di46 |14 turn on delay time di47 | |4 deactivation delay
di48 | IAturn on delay time di49 | 1A deactivation delay
di50 | IB turn on delay time di51 | IB deactivation delay
di52 | IC turn on delay time di53 | IC deactivation delay
di54 | ID turn on delay time di55 | ID deactivation delay
di40...di55: activation / deactivation delay
Value range Description
0: Protecting function off
0.01...32.00s Adjustable delay time
Function:
The function can be switched off with the value = 0 in parameters di40...di55. The turn on delay starts with
the positive edge of the input, the turn off delay with the negative edge.
9.9 Input trigger (di05)
As a standard the inverter is controlled with static signals, i.e. an input is set for as long as a signal is applied.
However, practice has shown that a signal may be available for a limited time only, but the input shall still
remain set. In that case the input or several inputs can be adjusted to edge-triggered flip-flop. Then a rising
edge with a pulse duration that is longer than the response time of the digital filter is sufficient for switch-on.
Switch-off is effected with the next rising edge.
Control release (ST) can be set to edge-triggered flip-flop, but this remains without affect on the function,
since it is a pure static signal.
A
Input sig-
nal after v v
filtering >t
Input
trigger
Figure 9.4 Example of a signal flow diagram for input 11 (di05 = 16)
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9.10

Strobe dependent inputs (di06, di07, di08)

A strobe signal is used mainly for triggering the input signals. For example, two inputs shall be used for the
parameter set selection. But the signals for the control do not arrive exactly even, so for a short time it would
be switched into an unintended set. With active strobe (scanning signal) the current input signals of the
strobe-dependent inputs are accepted and kept until the next scanning.

Which inputs are switched by strobe?
With di08 any input can be selected as strobe-dependent input. With the control release di.08 has no function
since this is a static input.

From where comes the strobe signal?
The strobe input can be adjusted with parameter di06. If several inputs are adjusted as strobe they are linked
in OR-operation.

Edge-active or static strobe?

As a standard the strobe is edge-active, i.e. the input conditions on the strobe input are accepted with rising
edge and maintained until the next rising edge. For some applications it is sensible to use the strobe in a
manner of a gate function. In that case the strobe signal is static, i.e. the input signals are accepted for as
long as the strobe signal is set (or for as long as the gate is open).
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Strobe mode (di07)

di07: strobe mode

Value Function

Description

Strobe on positive edge
(default)

Input states are transferred with the rising edge at the strobe input
and held until the next rising edge.

1 Strobe static / frooze

Input states are updated as long as the strobe signal is set. If the
signal becomes inactive, the state is held.

Strobe static / reset to 0

Input states are updated as long as the strobe signal is set. If the
signal becomes inactive, the state is reset.

A1;2ms

Scanning grid (acceptance
upon rising edge)

—

Strobe input

T

nOoononnno.

resulting
strobe signal

T

s B B I
I I |

\

Signal at !
terminals | : | | : | ‘
Input state T | |
P [ | ] R
time [t]
Figure 9.5 Edge active strobe (di07 = 0)
Input signal T |—| |—| r|
strobe signal T FI i | |_| rl
Input state T |_| |—|
tTme [t]
Figure 9.6 Static strobe mode 1 (di07 = 1)
, A
Input signal |_|
[ ] [ 1,
strobe signal 4 : : : :
[ir--1 1\ .
Input state T o o
[ 1] (1,
time [t]
Figure 9.7 Static strobe mode 2 (di07 = 2)
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9.1

9.12

Error reset input selection (di09) and error reset negative slope (di10)

Parameter di09 defines the reset input according to the table , Terminal state®. If the reset input shall react
to a negative edge, one or several of the reset inputs defined with di09 can be switched to negative edge
evaluation with di10.

Assignment of the inputs
There are two different procedures for the assignment of inputs.

a.) One or several inputs can be assigned to each function. This means an input can be selected at the
single functions (fixed value selection, increase motorpoti etc.) which activates this function.

b.) One or several functions can be assigned to each digital input. This means, one or more functions
can be assigned to each digital input in parameters di11...di22 ,Function“ and di24...di35 ,+ Function®.
Several functions can be assigned to the respective inputs in parameters di11...di22 , only one can be
selected in parameters di24...di35.

Both variants are locked against each other; if an input is assigned to a function,also parameters di11...di22
and di24...di35 are adjusted accordingly.

Due to the two variants the operation combines two advantages:

- with the functional programming of the inputs, the function's parametrization also permits selecting
which inputs will activate the function,

- the input-related display gives an overview of the complete function of an input and finally it can be
checked if there are undesired function overlappings.

The following table shows a list of parameters with which the various functions can be assigned digital inputs:

An03 save AN1 oP20 step value input sel. 2
An13 save AN2 oP56 mot.poti inc. input sel.
cn PID reset 2 input sel. oP57 mot.poti dec. input sel.
cn12  lresetinp. sel. oP58 mot.poti reset input sel.
cn13 fade in resetinp. sel. op60 dir. forward input sel.
dio9 reset input selection oP61 dir. reverse input sel.
di36 software ST input selection Pn04 ext. fault input select
di37 ST lock input sel. Pn23 LAD stop input selection
di39  disable dig. ST inp.sel. Pn29 DC brake input selection
dr.61 Rs corr auto temp inp.sel Pn42 brake check input sel.
FrO7  paraset input sel. Pn49 power off start inp.sel.
Fr11 reset set input sel. Pn64 set GTRY input selection
LE17 timer 1 start input sel. Pn78 UPS operation input sel.
LE19 timer 1 reset input sel. Pn93 flow switch input select
LE22 timer 2 start input sel. udo7 memory store input sel.
LE24 timer 2 reset input sel. uF08 energy saving input sel.
oP19 step value input sel. 1 uF21 dt. comp. off input sel.

The following table gives an overview of all functions which can be assigned to a digital input with parameters
di11...di22 (several functions are possible).
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di24...di35: input function

Bit | Value Explanation Fct. Para "

0 1: step value 1 . oP19
Select fixed values

1 2: step value 2 oP20

2 | 4:increase motorpoti oP56

3 8: dec motorpoti Motorpoti oP57

4 16: reset motorpoti oP58

5 | 32: forward . ) op60
rotation setting

6 64: reverse oP61

7 128: reset error release reset di09

8 | 256: Ramp stop stop ramp Pn23

9 | 512: dc brake (vvc only) Activate DC braking Pn29

10 | 1024: energy saving (vvc only) Flux reduction uF08

11 | 2048: parameter set selection ) Fro7
Parameter set selection

12 | 4096: Reset to set 0 Fr11

13 | 8192: external fault Release error state in the inverter Pn04

14 | 16384: save AN1 . . An03
activate save mode for the analog inputs

15 | 32768: save AN2 An13

16 | 65536: reserved

17 |1 131072: run timer 1 LE17

18 | 262144: reset timer 1 . LE19

. Start / Stop Timer

19 | 524288: run timer 2 LE22

20 | 1048576: reset timer 2 LE24

21 | 2097152: reset PID controller cn11

22 | 4194304: reset ext.pid(l) PID controller cn12

23 | 8388608: reset ext. pid (fade-in) cn13

24 | 16777216: reserved

25 | 33554432: reserved

26 | 67108864: reserved

27 | 134217728: reserved

28 | 268435456: control GTR7 GTRY (braking transistor) permanently on Pn64

29 | 536870912: reserved

30 [1073741824: reserved

2147483648: |+ prog. function - . « Lo
31 (di24...35) additional function (,+“ function) is selected

" the column "Fct Para" displays the function-related parameter corresponding to the value in di11...di22.
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The following table gives an overview of the functions, which can be assigned additionally to a digital input
with parameters di24...di35 (only one auxilliary function per input is possible / bit 31 I+ function“ must be
activated for the appropriate input):

di24...di35: Input ,,+“ function
Value Explanation Fct. Para"
0...4: reserved
5: Software ST (not at di05) Any digital |pput gets _the function ,,control_release (soft- di36
ware emulation / function can not be set to input ST)
6: ST lock (not at di35) Setting the input effects a locking of the software control di37
release
7: reserved
Between the end of the brake closing time (Pn40) and the
8: Brake monitoring beginning of the break rt_alease time (Pn36).the br_ake_ mu_st Pna2
always be closed. If the input becomes (or is) active in this
phase, error: ,Error! brake control“ is triggered.
9: Dead time compensation off As Iopg as the input is active, the dead time compensation UF21
is switched off
Activation of the input causes reduction of the level for trig-
. . gering and reset of the underpotential error.
10: UPS operation 400V class Reduction of the UP tripping level to 200V Pn78
Reduction of the UP reset level to 280V
11: no digital ST (di35 no func- | Control release is only preset via terminal strip (di01 / di02 di39
tion) and control word Sy43 / Sy50 without function)
12: Start Rs corection auto Start.of the temperature—dep.en_dent stator re3|star)ce ad-
aptation (only at V/f characteristic open-loop operation and dr61
temperature
SMM)
13...18: reserved
Only hardware inputs are supported with this function,
) since these are scanned in the same grid, where the power
19: Start power off off control is active. A setting via the control word or di01/ Pna9
di02 is not possible.
A digital input which can release fast storage of all param-
20: Safe memory eters in the EEPROM is selected with this parameter. See
chapter ,24 auto store (Ud05), auto store state (Ud04)".
) . The flow control with valve control and flow monitor is ad-
21: Flow switch . . . .
justed with this function.
This function deactivates the voltage stabilisation uF09.
22: Voltage stabilization off The motor volta_lge ywll bg gradually |r?creaseq or deqreased UF27
when the function is activated. The time for increasing and
decreasing can be adjusted with uF06.

" the column "Fct Para" displays the function-related parameter corresponding to the value in di11...di22.
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9.13

9.14

Software-ST and locking of the control release
di36 software ST, di37 ST lock, di38 turn off ST delay time

The function is switched off, if no input is selected in di36. ST can not be selected as software ST or input for

locking.

With the locking function the control release can be controlled in case of voltage failure (even if the controlled

PLC is failure) as long as the (e.g.) power off function needs for stopping the drive.
Condition is that the ST terminal (X2A.6) is connected with the 24V output (X2A.4).

The turn off of an input (selection in di36) is decelerated by the delay time adjusted in di38. Within this time

the locking input (selection in di37) must become active in order to secure the function.

A software input e.g. (IA-ID) can be assigned as locking input with the function power off (do.00...do.07 = 17,
switching condition for OA-OD).

ﬂ The safety function must be observed for units which are operated with Safe Torque Off (STO)!

Input software
control release
(di36)

di38

delayed control
release (di36,
di38)

Input ST lock
control release
(di37)

Function soft-
ware control
release

Figure 9.8

Software-ST, locking of the control release

Deactivation of the digital control release

The control release can be set digital (e.g. via bus system) with the digital input selection (di01 / di02) or the

control word (Sy43/Sy50). Additionally terminal ST must always be activated.

An input which can deactivate the digital setting of the control release can be selected with parameter di39

,<disable dig. ST input selection®. Thus only terminal ST is effective.

Thus it is possible to realize hand operation on failure of the bus system.
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9.15 Short description - digital outputs

Switching conditions SBO...SB7 Flags 0...7 Outputs 01...0D
do24 do51
do08 | do25 | Bito- ;
cm 201 I 3 To1=07| Transistor
g | output
sl e e oo, G
Pl 8 H =R14!
128 | | Shil= 3 |01=R2| X2A.14
E]— | H 4
do09 | | do26 Bit23 | T ist
101 4043 do00 7(;10717 o | I on2s ransistor
S e e H e et || [905H| outpu
™ - el o] i | 8 [02=R1H] (02)
dodd oo Uil {|128] i— . il ol 12 02=R2—i X2A.13
:}— 101 22 o — | —
dojﬂ» | e | 1 _Bitd-5 4| Relay output
117 o | 2= IR, 0 [R1=01H!
glidl~l 2 _§_|&ﬁ | Jihil 1| 16(R1=02| | (R1-A) X2A.30
(o] 101 awoz |1l | . 8517 M 32|R1=R1HT° (R1-B) X2A.28
rzs T ||| las[r1=R2H||  (R1-C) X2A.26
do11 | | do28 . |
9 . do-8 Bit 6-7
[e]H ALl o2 011c _§_L£=8 | b [0 IR2=o1—| RFleaX Oxug,jotjtzg
101 do03 gt 2 [T |& | s fidl 64|R2=02 | (R2-A) '
o H e |- Ll [ ThoglRe=RIIT  (R2-B) X2A.27
g (= | to2Re=R2 | (R2-C) X2A.25
do12 ' do29
101 do04 020 | .. ||
I - i 1] 81— ' el
8 el 2 _'"l'i}l [ el . internal
.. 8 | H
Ins @_,_}1 | IrS output OA
101 do05 — | | —
P sl 2 [T 11& 1 | |8 e internal
L 101 do06 P |?1J| HIERE ’ output OB
o AR o S35 P
do14 | | do31
L] o 2o | | [
101 s il 2 —*—!'&}| & efi] . internal
7 - il | 8 ][>l ; output OC
do15 ' ' do32
8 2 H | |e , internal
S ! : output OD
s frzg™ T || s
A= L ASs
8
|ru23 Output cond|-| | ru24 State | | ru25 State | | ru25 State
tion state of output flags output state Digital outputs
Figure 9.9 Principle of the digital outputs
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9.16

9.17

Description of the digital outputs

Up to 8 different conditions can be selected for switching the digital outputs. These are entered in do0O...
do07. Switching condition 0 and 1 can be filtered by do43 and do44. Parameter ru23 displays if one or sev-
eral of these conditions are met. For each flag it can be selected now which of the 8 conditions shall apply
to it (do.16...do.23). Each condition can still be inverted before selection (do08...do15). As a standard all
conditions (if several are selected) are OR operated. This can be changed to AND operation with do24, i.e. all
conditions selected for this flag must be fulfilled before it is set. Parameter ru24 displays the flags which are
set in this stage. Parameters do33...do40 form a second logic step whereby a selection of the flags from logic
step 1 can be made. Each single flag can be inverted with do25...do32. The type of the connection (AND/ OR,
like do24) can be adjusted with parameter do41. Parameter do42 is used for inverting one or several outputs.
The output signals are assigned to the terminals with do51. ru.80 serves for the display of the digital output
state, thereafter ru25. The internal outputs OA...OD are directly connected with the internal inputs IA...ID.
All switching conditions and flags are set-programmable. The appropriate comparison level (parameters
LEQO...LEQO7) must be adjusted to many switching conditions (parameters do00...do07). Switching conditions
(do00...do07) can be connected simultaneously with different flags.

Output signals / Hardware

14 d}‘bi

13 |15 26|28 |30

LR

25|27 |29
Cl__[__
A\, 1
Figure 9.10 Transistor outputs Figure 9.11 Relay outputs

The total current of X2A.13 or X2A.14 is limited to 50mA. In case of inductive load at the relay outputs or at
the transistor output a protective wiring is to be provided (free-wheeling diode)!

Output filter (do43, do44)

A filter can be set for switching condition 0 with do43. With do44 for switching condition 1. The change of a
switching condition must be applied for the filter time, then it becomes active at the output of the filter. If the
change is cancelled during the filter time the filter time is reset and restarted with the next change. The filter
time can be adjusted in a range of 0 (off)...1000 ms.
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9.18 Switching conditions (do00...do07)

From the following switching conditions one can select up to 8 for further processing. The values are entered
in parameters do00...do07.

do00...do07: switching conditions

Value

Function

Description

always switched-off

Switching condition never fulfilled

always active

Switching condition always fulfilled

Run signal

Drive is running and there is no malfunction (also set if
modulation generally released, but temporary blocked by for
example "motor de-excitation").

ready (no error)

Drive is ready for operation (inverter state without error).

error message

There is an error message (inverter state equal to error).

error mess./no ar.

Is not set for errors for which an automatic restart is pro-
grammed.

err.mess./abn.stopping

Warning or error message is also issued when the inverter
fulfils an abnormal stopping condition (ru00).

OL warning

ru39 is an overload counter, counting in steps of 1%. On
reaching 100 % the inverter switches off. Upon exceeding of
level Pn09 (default 80 %) the overload warning is given. The
performance in case of a warning can be adjusted with Pn08
(response to OL-warning).

OH warning

Overheating-prewarning (OH)! Depending on the power
circuit the inverter switches off between 60...95°C heat
sink temperature. The prewarning is output, when the level
OH-warning (Pn11) is reached (default 70 °C). The per-
formance in case of a warning can be adjusted with Pn10
(response to OL-warning).

dOH warning

PTC-prewarning (dOH), on tripping of the motor-PTC con-
nected to the terminals T1/T2. The inverter switches off with
E.dOH after expiration of an adjustable delay time Pn13
(0...120s). The behaviour in case of a warning can be adjust-
ed with Pn12 (response to dOH-warning).

10

OH2 warning

Motor protection pre-warning (OH2), if the defined motor pro-
tection release time according VDE has expired. The behav-
iour in case of a warning can be adjusted with Pn14 (warning
OH2 stop. mode).

1

OHI warning

Interior temperature-prewarning (OHlI) is output if the interior
temperature of the inverter exceeds the level OHI-warning.
The behavior can be adjusted with Pn16 (response to
OHl-warning).

12

error AN1 4...20mA

13

error AN3 4...20mA

Cable breakage at 4...20mA setpoint setting at An01 or An02.
Trips, if the setpoint current drops below 2mA.

14

stall (1> Pn20)

Pn20 ,Stall level “ exceeded (only for v/f characteristic-con-
trolled operation).

15

LAD stop

Ramp is stopped (LA-/LD-Stop active). Pn24 ,LAD load level*
or Pn25 LD voltage® exceeded at acceleration/deceleration.

16

DC-braking

DC voltage-braking active

continued on the next page
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do00...do07: switching conditions

Value | Function Description
17 power off The state of the inverter is ,Power-off function active®.
18 brake control The output is used for brake control. The output becomes
active if the brake is to be ventilated.
19 speed ctrl. diff. > level ruQZ »ramp output display“ — ru07 ,actual value display“ >
switching level
Is set, if parameter ru07 ,actual value display“ is in a window
of +/- LE16 ,Freqg/speed hysteresis” around ru01 ,set value
20 act. value = set value display“. Not set in state "no control release" or "standstill".
' The state of the condition is undefined if the ramp generator
is deactivated by another function (e.g. speed search, DC
braking, etc.).
. Ramp generator is in phase forward acceleration, reverse
21 acceleration . .
acceleration or acceleration stop.
. Ramp generator is in phase forward deceleration, reverse
22 deceleration . .
deceleration or deceleration stop.
The directions of rotation at the input and at the output of
23 act. rot. = set rot. the ramp generator are equal. The sign of ru02 ,ramp output
display® is identical with the sign of ru01 ,set value display”.
24 act. utilization > level utilization (ru13) > switching level
25 abs.val.act.curr. > level abs. value active current (ru17) > switching level
26 DC voltage > level actual DC voltage ru18 > switching level
27 actual value > level Actual value display (ru07) > switching level
8 set value > level Set value dlsplay (ruQ1) > switching level (only valid if the
ramp generator is active)
29 reserved
30 act. torque > level Actual torque > switching level
31 abs. value AN1 > level Absolut value AN1 / AN2 at theoutput of the characteristic
32 abs. value AN2 > level amplifier > switching level
33 reserved
34 AN1 > level AN1/AN2 at the output of the characteristic amplifier >
35 AN1 > level switching level (with sign evaluation)
36 reserved
37 timer 1> level ru43 ,Timer 1 display* or ru44 ,Timer 2 display“ > switching
38 timer 2 > level level
39 reserved
40 hardw.curr.limit active Protective function ,hardware current limit* is active
41 modulation on is set, if the modulation is active
42 ANOUT3 PWM Output of the analog signal ANOUT3 or ANOUT4 as PWM
signal. The period can be adjusted with parameter An46 or
43 ANOUT4 PWM
An52.
i | =
44 inv.status (ru00) = level Nu.mb.er of the inverter state (e.g. 18 at error! Watchdog)
switching level
45 pow. mod. temp. > level Heat sink temperature > switching level
46 motortemp. > level Motor temperature > switching level

continued on the next page
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do00...do07: switching conditions

Value

Function

Description

47

ramp output val. (ru02) > level

Value ramp output display (ru02) > switching level

48

apparent current (ru15) > level

Apparent current (ru15) > switching level

49

rot. forward

50

rot. reverse

actual direction of rotation forward or reverse (only set if the
ramp generator is active).

51

OL2 warning

Upon exceeding of level Pn09 (default 80 %) the overload
warning is given. The performance in case of a warning can
be adjusted with Pn08 (response to OL-warning).

52

I-control limit active

I-control limit active

53

n-control limit active

n-control limit active

54...58

reserved

59

dig.in (ru22) AND level

60

dig.in (ru22) OR level

61

dig.in (ru22) NAND level

62

Inputs in NOR-operation (ru22)

Function | Switching condition met if:
AND all selected inputs are active
or at least one selected input is active
NAND | at least one selected input is inactive
NOR | all selected inputs are not active

The selection of inputs to be linked occurs via the compari-
son level parameters LEQO...LEQ7.

Input|ST |RST |F |R |11 |I12 [I3 |14 |IA |IB [IC |ID
Val- |1 (2 |4 |8 |16 (32 |64 |128 (256 |512 |1024 |2048
ue

The sum of the inputs to be queried is entered in the switch-
ing levels.

Example: If R and |1 shall be linked for condition O F, value 4
+ 8 + 16 = 28 must be entered in LEOO.

63

abs.val. ANOUT2 > level

64

abs.val. ANOUT2 > level

Amount of ANOUT1 (amount of ru34 ,ANOUT1 post ampl.
display) or ANOUT2 (amount of ru36 ,ANOUT2 post ampl.
display) higher than the switching level

65

ANOUT2 > level

66

ANOUT2 > level

ANOUT1 (ru34 ,ANOUT1 post ampl. display) or ANOUT2
(ru36 ,ANOUT2 post ampl. display) higher than the switching
level

67...68

reserved

69

ext.PID ctrl.diff > level

Amount of the system deviation of the external PID control-
ler> switching level

70

driver VCC active

The driver voltage for the control of power modules is active
for inverters with safety relay.

71...72

reserved

73

abs.val. act.power > level

Amount ru81 ,active power* > switching level

74

active power > level

ru81 ,active power” > switching level

75..79

reserved

80

active current > level

ru17 ,active power” higher than the switching level (sign of
ru17 is considered).

continued on the next page
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do00...do07: switching conditions

Value

Function

Description

81

reserved

82

act.value ch.2 > level

Amount ru10 ,encoder 2 speed” > switching level.

83

reserved

84

act.val. < min. ref. op.06/07

Amount ru07 ,actual value display® is smaller than oP06 ,min.
reference forward” or oP07 ,min.reference reverse".

85

EF warning

Der Eingang, der ,Warnung! externer Eingang“ oder ,Fehler!
externer Eingang“ auslost, ist aktiv (Status des Umrichters
hat keinen Einfluss).

86

BUS warning

The watchdog (watchdog internal bus Sy09 or watchdog time
Pn06) has triggered (status of the drive has no effect).

87

ACC warning

The acceleration has exceeded the value of parameter Pn79
»acceleration limit (1/s)*2“. Pn80 ,acceleration scan time“ de-
termines the period over which the acceleration is averaged.
For calculation the speed difference must be converted from
rpmto 1/s. *

88

warning pow.unit + drive

Pre-warning level for an overload protection function, which
monitors the motor or the inverter, is exceeded. The warning
messages 7(0OL), 8(OH), 9(dOH), 11(OHI), 10(OH2), 51(0L2)
are combined in this switching condition (OR-connected).
Additionally this switching condition has the following func-
tion: If ,auto retry E.UP* is activated in Pn00 and if a time limit
for the restart function is adjusted in Pn76 ,max. time E.UP
warning®, the switching condition is active during the warning
time (i.e. the time when an automatic restart would be carried
out).

89

act.value < level*ref.val.

ruQ7 ,actual value display“ is smaller than switching level /
100 x ru02 ,ramp output display®. This switching condition is
not active when the modulation is switched off and special
functions e.g. speed search.

90

motortemp.corr. >level

The switching condition is met when the motor temperature
for the Rs correction (dr51) is higher than the switching level.

91

reserved

92

quick stop

Switching condition is set at active quick stop function.

93...95

reserved

96

blockade active

The setpoint must be above the level of Pn86. If the actual
value is below the level, a counter is incremented as long as
the time "blockade waiting time" (Pn87) has elapsed.

97...98

reserved

99

flow control warning

The switching condition is set if there is an error in the flow
control or if there is no flow or constant flow for the adjusted
deceleration time (Pn94).

100

combination of sev. cond

Combination condition; Error or OL-pre-warning or OH-pre-
warning or ((Status POFF or PLS) and Fout=0Hz).

101

halt after DC-brake > lev.

Switching condition ,101“ is set at ,halt after DC brake > level“. |.e.
the switching condition is met when the DC braking is completed
and the mean value of the apparent current during DC braking is
higher than the adjusted level referring to the rated current.
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9.19

9.20

Speed change during scan time (in rpm)
* acceleration =

60 x scan time (in seconds)

Switching level 0...7, LE00...LEO7
These parameters define the levels of the switching conditions.
Level 0 (LEOO) applies for switching condition 0; LEO1 for switching condition 1 ... and so forth.

Hysteresis 0...7, LE08...LE15
The hysteresis based on the adjusted values determine parameters LE0S8...LE15.
Hysteresis 0 (LEO8) applies for switching level 0; LEQO9 for switching level 1... etc.

Frequency- / speed hysteresis LE16
LE16 defines the hysteresis for the status constant run

Inverting of switching conditions for flags 0...7 (do08...do15)

do08...do15 do16...do23

o001 ol 1
doOt~ilp—2 Lo, 2
doo2»ti—4 | . 4
do03- 8 1L, 8 8
do04~tip 16 | | 16 - do24
do05-If 32 | | 32
do06» Il 64 | |- 64
do07-»{1h 128 | .- 128

Figure 9.12 Inverting and selecting the switching conditions

With parameters do08...do15 each of the 8 switching conditions (do00...do07) can be inverted separately for
each flag. With this function it is possible to set any chosen switching condition as non-condition. The param-
eter is bit-coded. According to Fig. 9.12 the weighting for the switching condition must be entered in do08...
do15. If several conditions shall be inverted, the sum is to be formed.

Example:
Output X2A.13 shall be set when the inverter is not accelerating! In this case we assign switching condition
21 (inverter accelerates) e.g. to do.01 (enter value 21). Inverting of condition do01 with do09, enter value ,2°“.

Selection of the switching conditions for flags 0...7 (do16...do23)

Parameter do16...do23 serve for the selection of the 8 preassigned switching conditions. The selection is
done for each flag separately, where one can choose between no one and up to all 8 switching conditions.
The value of the selected switching conditions must be entered in do16...do23 in accordance with Fig. 9.13.
If several conditions shall be inverted, the sum is to be formed.
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9.21

AND / OR connection of the switching conditions (do24)

After the switching conditons are selected for each output, now it can be determined how these are connect-
ed. As default all conditions are OR connected, i.e. if one of the selected conditions is fulfilled, the flag is set.
Another possibility is the AND connection which can be adjusted with do24 do. AND connection means that
all selected conditions must be fulfilled before the flag is set. Parameter do24 is bit-coded. Figure 9.12 dis-
plays the assignment of the flags.

do24
8 [y
d016 11— 1 :
Lﬁ—j Bit0 | , Flag 0
>1—0
do17 =t fg 1 o
L_ Bit1| , Flag 1
.| B
4023 {2 t8l 1 4.
L_ it7] , Flag7
>1—0
Figure 9.13 Linking the switching conditions in logic step 1
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9.22 Inverting of flags (do25...do32)

do25...do32  do33...do40 do41
Bit 0~f——fol; 1 a1 s
Bit 1 »l—2 o 2 s |91
Bit2 >4 .l 4 —
Bit3»1ip 8 |, 8 g T T8 Bit1 ], o
Bita»|clhy 16 | |- 16 / =10
Bit5»f 32 | | 32 B
Bit6»| 64 |, 64 .
Bit7 »|ihy 128 | |- 128 g Lﬁ—ﬂ Bit7 |, op

>0
Figure 9.14 Inverting and selection of flags

With parameters do25....do32 each of the 8 flags (bit 0...7) from logic step 1 can be inverted separately.

With this function it is possible to set any chosen flag as inverted flag. The parameter is bit-coded. According
to Fig. 9.14 the weighting of the flag to be inverted must be entered in do25...do32. If several flags shall be
inverted, the sum is to be formed.

9.23 Selection of flags (do33...do40)

A selection of flags of the first logic step can be made in the second logic step. The selection is done for each
output separately, where one can choose between none and up to all 8 flags. The value of the selected flags
must be entered in do33...do40 in accordance with Fig. 9.14. The sum is to be formed if several flags shall
be selected.
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9.24

AND / OR connection of the flags (do41)

After the flags are selected for each output, now it can be determined how these are linked. As default all
flags are OR connected, i.e. if one of the selected flags is set, the output switches. Another possibility is the
AND connection which can be adjusted with do24 do.. AND connection means, all selected flags must be set
before the output switches.

do41
8 S
do33 —+r& 1 gito L. O1
_2_1 0
do34 —»[2- g
0 gianiimml Bit1| , 57
. _2_1 0
dod0 8- Tg] 1 ’
Tﬁ—ﬂ Bit7| , op
>1—0
Figure 9.15 Linking the outputs

As shown in Fig.9.16 the outputs can be inverted again after linking with parameter do42. Parameter do42 is
bit-coded, i.e. the value corresponding to the output must be entered (according to the following picture). If
several outputs shall be inverted, the sum is to be formed.

do42

Bit 0~

Bit 1 »{h—2 1~

Bit 2 »h—4 .

qoqq Bit3-—fil—8 1

Bit4 |16 |

Bit5» it 32 | |

Bit 6 »| 1P} 64 |

Bit 7 -l 128 | |

Figure 9.16 Inversion of Outputs
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9.25 Output terminal state (ru25) and digital output state (ru80)

Parameter ru25 displays the logic condition of the digital outputs after the allocation by parameter do51 . Pa-
rameter ru80 displays the logical condition before the allocation . If an output is set, the appropriate decimal
value is output (see table)

ru25: output terminal state

Bit | Value Name | Function

0 1 O) Transistor output
1 2 02 Transistor output
2 4 R1 Relay output

3 8 R2 Relay output

4 16 OA Internal output

5 32 OB Internal output

6 64 ocC Internal output

7 128 oD Internal output

9.26 Hardware output allocation (do51)

The output signals are allocated to output terminals O1, 02, R1 and R2 with do51. The assignment is done
according to following table:

do51: hardware output allocation
Bit Value | Signal Output Default
0 o1 X
1 02 ,
0...1 O1 (terminal 13)
2 R1
3 R2
0 o1
4 02 , X
2.3 02 (terminal 4)
8 R1
12 R2
0 O1
16 02 )
4.5 R1 (terminal 26, 28, 30)
32 R1 X
48 R2
0 o1
64 02 .
6...7 R2 (terminal 25, 27, 29)
128 R1
192 R2 X
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9.27

Programming example digital outputs

For better understanding the correlations are deepened in the following example.
Following conditions are required:

+ Condition 1: Output X2A.13 switches, if the inverter accelerates

* Condition 2: Relais X2A.25...27 switches, if the inverter load is > 100 %

+ Condition 3: Relay X2A.28...30 switches, if the actual value is > 100 %

+  Output X2A.14 switches, if the conditions 2 and 3 are realized, but the inverter does not accelerate.

Solution proposal:

Adjust switching conditions, levels and hysteresis

First adjust the switching conditions and levels.

set do00 to ,21“ (inverter accelerates),

set do01 to ,24“ (utilization > level); set LEO1 to ,100“ (utilization level for do01 100 %); set LEO9 to ,5* (5%
hysteresis for comparison level 1; not required but reasonable for optimal switching performance),

set do02 to ,27“ (actual value > level); set LEO2 to ,4“ (frequency level for do02); set LE10 to ,0.5* (0.5 Hz
hysteresis for comparison level 2; not required but reasonable for optimal switching performance).

Select switching conditions

set do16 to ,1“ (switching condition from do0Q0 is evaluated),
set do17 to ,2“ (switching condition from do01 is evaluated),
set do18 to ,4“ (switching condition from do02 is evaluated),
set do08, do09 and do10 to ,,0“ (no inversion).

The setting of do24 is independent for this example, since only one condition each is set at do16...do18.

Adjust flags

Output O1 (terminal X2A.14)

set do33 to ,,7“ (flag 1, 2 and 3 are evaluated)

set do25 to ,1“ (flag 1 is inverted, i.e. the condition is fulfilled if the inverter does not accelerate).
set do41 to ,1“ (the flags selected with do33 are AND connected)

Output O2 (terminal X2A.13)

set do34 to ,1“ (flag 1 is evaluated).

set do26 to ,0“ (no inversion)

The adjustment of do41 is independent for this example, as only one flag is adjusted at do36.

Relay output R1 (terminal X2A.25...27)

set do35 to ,2“ (flag 2 is evaluated).

set do27 to ,0“ (no inversion)

The adjustment of do41 is independent for this example, as only one flag is adjusted at do36.

Relay output R2 (terminal X2A.28...30)

set do36 to ,4“ (flag 3 is evaluated).

set do28 to ,0“ (no inversion)

The adjustment of do41 is independent for this example, as only one flag is adjusted at do36.
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10. Setpoint-, Rotation- and Ramp Setting

ﬂ The examples described in this chapter refer to speed or frequencies.

10.1 Short description of the setpoints

The setpoints of the KEB COMBIVERT G6 can be preadjusted analog as well as digital. The AUX-function
adds or multiplies an analog setpoint with other setpoint settings.

The setpoint and rotation selection links the different setpoint sources with the possible rotation sources. The
obtained signal is used for further setpoint calculation.

Only after scanning the absolute setpoint limits, all data are available which are necessary for the ramp cal-

culation.
—re——— - - ._'_' —re——— - —l
! Setpoint selection | Rotation ' | Fixed frequencies
| selectio |
L . o L =R N e .
T 11
- Setpoint limits |
I_ _________ o— 1
....... _o._._-_-_-
!_ Setpoint calculation
ru01: set value display e o= —
Set value display <
before ramp ———— P
i_ Ramp generator
ru01: ramp output display T T 7 T_ ''''''' -
Set value display <
after ramp ‘i
———— g ——
control
......... .0_._-_-_-_l
ru03: actual frequency display = <
Y
Figure 10.1 Principle of the setpoint and ramp presetting
© KEB, 2019-03 COMBIVERT G6 85




Setpoint-, Rotation- and Ramp Setting

10.2 Reference source oP00
oP00: reference source
Value Function Notice
Setting of the speed setpoint via REF
or AUX input. 0% corresponds to the | The selection of a hardware analog
0: Analog input REF ,min. reference” (oP06 at forward input as REF is done via parameter
/ oPQ7 at reverse rotation) +100% An30 ,sel. REF inp./ AUX funct.” fac-
corresponds to the ,max. reference” | tory setting: AN1 is the REF input.
(oP10 at forward / oP11 at reverse). | The selection of how the AUX input
If the rotation direction is determined | value is calculated is also done via
by the sign of the setpoint, then posi- | An30.
1: analog AUX tive Yalues and_ 0 represent forward _Factory setting: AN2 is the AUX
rotation, negative values represent input.
reverse rotation.
The value range and the resolution
2: digital absolute (oP03) The value of oP03 ,,refgrence setting depen_d on the setting of the speed
is used as speed setpoint. mode in parameter Ud02 ,control
type*.
The percentage value in oP05 "refer-
3: digital in % (oP76) ence setting" is used for the speed , ,
setpoint. Calculation of the speed setpoints
from the percentage values occurs
Th? pelrce"n_tage \;alue OPS% ,,m;)to!'-t similarly as for the REF or AUX
4: motorpoti (ru37) poti value” is used as speed setpoint | i ¢
(for more on motorpoti function see
chapter 20).
In v/f characteristic operation
« | (GBL-G, and G6P-G) Parameter
5: set speed value (Sy52) The value of Sy52 ,set §peed value dr01:DASM rated speed must be
is used as speed setpoint. . .
correct adjusted in order that the
frequency is correct calculated.
The percentage output value of the ggﬁﬂfé'or;g::tz Sgi‘:‘?u:tgz?&fs
6: ext. PID output (ru52) PID controller (ru52 ,ext. PID output - P 9
; o X similarly as for the REF or AUX
display“) is used as speed setpoint. input
7: reserved
Channel 2 is an initiator input and
8: speed acquisition 2 can not be used as speed feedback
- SP q or for the motor model. Channel 2 is
not available for all devices.
9: reserved
Setting of the speed setpoint by oP63 | Configuration of the high resolution
10: high resolution in % "ref. value high-res.".This mode must | and calculation of the speed setpoint
(oP63) be used if the default from parameters oP63 / oP64 see
speed resolution is not sufficient. description.
11: digital absolute (0P03) The“v.alue of oP75 ,ref. setting all Calculation of the speed setpoints
sets” is used as speed setpoint. from the percentage values occurs
The percentage value in oP76 refer- | similarly as for the REF or AUX
12: digital in % (oP76) ence setting % all sets is used as input.
speed setpoint. Attention: writing in all sets!
further on next side
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10.3

Other functions like quick stop or fixed frequency have priority over "standard operation" and can
therefore lead to different speed setpoints than selected in oP0O.

Rotation source oP01

The rotation selection determines the manner in which the rotation direction is preset. The following possibili-
ties are available:

oP01: rotation source

Value | Function

0 digital (0P02); O-limited

digital (oP02); absolute

terminals FOR/REYV; 0-limited

terminals FOR/REV; absolute

terminal Start/Stop; 0-limited

terminal Start/Stop; absolute

reference, LS

reference, no LS
ctrl.word (Sy50), O-lim.
ctrl.word (Sy50), abs.
ref. ctrl.word (Sy50), R/S

OO |N[O|OA|R|WIN|[-~

—_
o

Rotation setting 0-limited or absolute
Concerning the adjustment of direction of rotation it is differentiated between two evaluations:

Rotation setting 0-limited:
negative setpoints are set to zero, i.e. only positive setpoints are driven in accordance with the selected rota-
tion direction

Setpoint

Setpoint setting

Figure 10.2 O-limited

Rotation setting absolute:
no sign of the set value is evaluated and it is always driven with the amount in accordance with the selected
rotation direction.
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Setpoint

Setpoint setting

Figure 10.3 absolute

Rotation setting oP02; (oP01 =0 or 1)

oP02: rotation setting

Value | Setpoint rotation

0 standstill (low speed)

1 forward

2 reverse

Rotation adjustment via terminal strip
The rotation selection via terminal strip allows the adjustment of the direction of rotation via switch or from a
primary control.

Direction forward input selection (run / stop) oP60, reverse (forward / reverse) oP61
Parameter oP.60 defines one input for rotation direction forward (or run/stop) and parameter oP.61 defines
one input for rotation direction reverse (or forward/reverse). (see chapter 9)

oP01 = ,2“ or ,,3“
The inputs defined with o0P60 and oP61 operate as follows at rotation setting forward/reverse (oP01 = ,2“ or
”3(5):

forward | reverse | Input external supply
F R Function
0 0 LS .
0 1 reverse
1 0 forward N
1 1 forward L --
8 X2A.8
7 X2A.7
o e
. =
Figure 10.4 oPO01 = value 4 or value 5

oP01 = ,4“ or ,,5“
The inputs defined with oP60 and oP61 operate as follows at rotation setting run/stop and forward/ reverse
(oP0O1 = ,4“ or ,5%):
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forward | reverse | Input external supply
F R Function
0 0 LS
0 1 LS Run/Stop
1 0 forward (-
1 1 reverse - Dl
8 - X2A.8
7 X2A.7
(-~
F/R
Figure 10.5 oP01 = value 4 or value 5

Rotation direction is dependent on the sign of the set value

The direction of rotation can be defined with the preadjusted set value signal. In the case of analog signals
through adjustment of positive or negative voltages. In the case of digital signals through adjustment of posi-
tive values (without sign) or negative values (negative sign in the display).

The following adjustments are possible for the evaluation with LS

Evaluation with LS (switch off the modulation) (oP01 =6, 10 or 11)

In this case ,F“ or ,R* must be set via a digital input, digital via oP02 or "start" via control word Sy50 in order
for the inverter to modulate. It is unimportant which rotation setting is used, because the direction of rotation
is dependent on the setpoint.

oP01 =10: The rotation direction release is done exclusively via the control word run/stop

No direction of rotation is set -> LS (switched off)
->  forward direction with positive setpoint

direction of rotation is set and oP01 =6 or 10 . . ) ) .
->  reverse direction with negative setpoint

Evaluation without LS (oP01 =7)
In this case the inverter modulates always. No direction of rotation must be set.

positive setpoints (also 0) -> forward direction of rotation

oP01=7: ) , o .
negative setpoints -> reverse direction of rotation
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Direction of rotation dependent on the inverter control word Sy50 (oP01 = 8 or 9)

The control word is used for the state control of the inverter via fieldbus. In order for the inverter to react to
the control word, the respective control process must be enabled (0P01 = 8 or 9). When setting the direction
of rotation via the control word, the setpoint can be evaluated 0-limited (0P01 = 8) or absolute (oP01 = 9).

Sy50: control word low

Bit | Function Description

0 = set direction of rotation stop; 1 = set direction of rotation run

(set rotation source oP01 =6, 8, 9 or 10)

0 = set direction of rotation forward; 1 = set direction of rotation reverse
(set rotation source oP01 =6, 8, 9 or 10)

2 |run/stop

3 For / Rev

If run / stop is to be adjusted via the control word, oP02 must be set to "0". Terminals F/R may
not be wired (OR-connection of terminal oP02 and Sy50).
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10.4 Deceleration of the rotation correction

oP16 rotation delay time

Value range Function
0.0...10.00 Adjustable deceleration time

The function can be switched off with the value oP16 = 0.

If the function is activated, the new direction of rotation is disabled for the adjusted time, the inverter deceler-
ates and changes if necessary to LS.

If the same direction of rotation is deactivated and then activated, the time will not expire.

oP16 is set to 2.00 s in the following example:

COMBIVIS 5 Scope - Knoten 0
COMBIVIS 5 Version 5.6 Registriert fiir: Karl E. Brinkmann GmbH D-32683 Barntrup
Druckdatum: 29.06.2014 10:23:12
640: G6L-M/V4.30 400Hz
X (ms/Teilung): 1000
CH Parameter Satz Y -Faktor (n/Teilung) Y-Null bei
A ru07 actual value display 0 2,0000 Hz 0,0000 Hz
B ru22 internal input state 0 4:F 8:R
8 RJOO inverter state 0 2: ERROR underpotential 64: forw ard acceleration
us

) I_[
A I I I I I
B _

Cursor 1:12022ms (29.06.2014 10:27:51)Cursor I:14029ms (29.06.2014 10:27:53) Differenz:2007ms
ru07 actual value display [323] 4,0375 Hz [-9]-0,1125 Hz [-332] -4,1500 Hz
ru22 internal input state [5] ST+F [9] ST+R 4] F
ru00 inverter state  [66] forw ard constant [67] reverse acceleration [1] ERROR overpotential

Figure 10.6 Deceleration of rotation reversal
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10.5 Step values (oP18...0P23)
The KEB COMBIVERT supports up to 3 fixed frequencies for each parameter set, which can be selected
binary-coded via two digital inputs. The inputs required for the selection are defined with oP19 and oP20 (see
also chapter "Assignment of the inputs"). The rotation source for the step values is defined with oP18. The
adjustment is independent of oP01 and is valid exclusively for the fixed frequencies. The setting of a fixed
frequency has priority over the "normal" setpoint setting.
Input Input digital
Step value 1 step value 2 oP02
O-lim.][ abs.
I
Terminal strip
oP19 step value input oP20 step value input Eor/ Rev
sel. 1 sel. 2 O-lim.]|_abs.
0...4095 0...4095 0 !
(according to table) (according to table) 1 Terminal strip
% run / stop
4 O-lim.[[ abs.
5 ]
step value 1 step value 2 9 Setpoint
0P21: -4000...4000rpm / 0P22: -4000...4000 rpm / 8 dependent
-400Hz...400Hz -400Hz...400Hz 9 LS [[noLS
oP18 10 1
step value 3 Step value DRIVECOM
0P23: -4000...4000rpm / -400Hz...400Hz rotation source Sy50
O-lim.][_abs.
]
Setpoint + cont
trol word
Pet—— RIS ]|
Setpoint rotation setting
Setpoint limits
Figure 10.7 Set values and rotation setting
Selection of fixed values
Input step value 1 T [ l [ l
Input step value 2 4 1
Setpoint
P f3
Step value f1..f3 ’_|—,7
>t
Figure 10.8 Selection of fixed values
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Step value rotation source (oP18)
The rotation source is determined with oP18 at active fixed value. The function and the value range corre-
spond to oP01.

oP18: step value rot. source

Value | Function
0 dig. oP02, 0-lim.
dig. oP02, abs.
FOR/REYV, O-lim.
FOR/REV, abs.
terminal Start/Stop; 0-limited
terminal Start/Stop; absolute
reference, LS
reference, no LS
ctrl.word (Sy50), O-lim.
ctrl.word (Sy50), abs.
ref. ctrl.word (Sy50), R/S

O O(NO|O || W|IN|—

—_
o

Step value input selection 1 and 2 (oP19, oP20)
See chapter 9 "Digital inputs".

Step value 1...3 (oP21, oP22, oP23)
The 3 step values oP21...23 are set-programmable and can be adjusted in a range of -4000...4000rpm /
-400...400Hz. The value range depends on the setting in parameter Ud02: control type.
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10.6 Setpoint limits
Following limit values can be preset:
+n [rpm]
A
4000 + absolute max. setpoint
oP14 +=--------- forward
oP10 - max. reference forward
-100 oP06
<} t—» min. reference forward
Setpoint [%)] - oP07" (0P0B)  +100 Setpoint [%)]
min. reference reverse
max. reference reverse - oP11* ' (0P10)
absolute max. setpoint = --------- -+ oP15* 1 (oP14)
reverse -+ -4000
A/
-n [rpm]
Figure 10.9 Setpoint limits
" If value "=For" is adjusted in these parameters (limit values rotation direction reverse), then the adjusted
values for rotation direction forward (oP06, oP10 and oP14) are valid.
Min. / max. references (oP06, oP07, oP10, oP11)
In case of analog and setpoint setting in percent, the min. and max. references form the characteristic for the
setpoint calculation (0% = min. reference; 100% = max. reference). In case of digital setpoint setting or fixed
value the setpoint is limited by these parameters.Separate limits can be adjusted for both rotation directions.
If the value "For" is adjusted for rotation direction "reverse", then the values for "forward" are valid.
Setting range: oP06: 0...4000 rpm Default: 0 rpm
oP10: 0...4000 rpm Default: 2100 rpm
oPQ7: =For, 0...4000 rpm Default: =forward
oP11: =For, 0...4000 rpm Default: =forward
ﬂ The value range depends on the setting in parameter Ud02: control type.
Absolute max. reference (oP14, oP15)
The setpoint is limited by the abs. max. references (after min./max. references) and then output to the ramp
generator. Since the analog setpoint is always calculated in relation to the max. reference (0P10, oP11) it is
possible (despite different absolute max. references) to adjust the characteristic of the analog setpoint with
the same ascent for both rotation directions (see Fig. 10.9). The absolute maximum speed of oP14 is valid for
both directions of rotation if value -1 ,For“ is adjusted in oP15.
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Max. output value forward (oP40) / max. output value reverse (oP41)
All other limitations (oP10 / oP11 ,max. reference” and oP14 / oP15 ,abs. max. reference®) limit only the
speed setpoint.

The state ,58: ERROR overspeed* is triggered, if ru07 ,actual value display” exceeds either the value of
oP40/ oP41 ,max. output value” or the value of ru79 ,abs. speed value EMF* (only for synchronous motors).
The user defines limits with oP40 / oP41 that may not be exceeded by the application under any circum-
stances.

ru79 displays the abs. speed for a synchronous motor which, if exceeded, leads to an EMF of the motor high
enough to damage the DC link circuit of the inverter.

Too small distance between maximum set value and speed limit can be the reasons for overspeed, thus over-
shoots can trigger an error. Other causes can be (e.g., caused by EMC) malfunctions in the speed measure-
ment or a noisy, insufficiently smoothed speed estimate in the encoderless control (SCL or ASCL).

+n [rpm]
A
(0P10) : max. reference
"""""""""""""""""""""" forward
(oP14) : absolute max.
"""""""""""""" o setpoint forward
L —> .
Setpoint [%] +-100% +100% - Setpoint [%]
max.refer- .. ..o ©P11) .
ence reverse
v
-n [rpm]
Figure 10.10  Setpoint limits
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10.7 Setpoint calculation
The unit differentiates between two setpoint adjustments:
10.7.1 Setpoint adjustment in percent
With the adjusted setpoint limits the speed range 0%...100% is defined. In this case the adjustment of 0%
corresponds to the minimal speed and 100% to the maximal speed.
The speed is calculated according to following formula:
oP11-0P07
positive setpoint = oP06 + (setpoint setting [%] x -
100%
oP11-0P07
negative setpoint = oP07 + (setpoint setting [%] x —F—
100%
10.7.2 Absolute setpoint setting
The setpoint is directly preset as speed or frequency and limited by the corresponding min. and max. set-
points as well as by the absolute max. setpoints.
10.7.3 Assignment of the setpoint sources
Setpoint adjustment in percent Absolute setpoint setting
Terminal strip (analog setpoint) Keyboard/bus absolute (0P03: digital setpoint set-
ting)
Keyboard/ bus in % (oP05: reference setting Speed setpoint (Sy52: set speed value)
in %)
Motorpoti (0P52: motorpoti value) Speed measurement
Technology controller (ru52: ext. PID output
display)
10.7.4 Fade out target for setpoint
Setpoint ranges are faded out with this function, in order to avoid resonances in the selected speed range.
The target is pass through with the ramp. The setpoint value is always adjusted to the upper or lower limit of
the target.
Parameter:
oP65: min. | prohibited reference 1
0oP66: max. | prohibited reference 1
oP67: min. | prohibited reference 2
oP68: max. | prohibited reference 2
These parameters are not set-programmable. The adjusted values are accepted still as setpoint value, thus
the function is not active in case that lower and upper limit have the same value. If a higher value is selected
for the lower limit than for the upper limit, the function is also not active.
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10.8

High-resolution setpoint setting

The high-resolution setpoint setting was introduced for applications that require higher resolution. To this end
the setpoint is specified as 32-bit value. Since only a 16-bit value can be output, to the lower 16 bits of the
ramp output value are added integer.

At overflow the output value is increased for one cycle (1 ms) (by 0.125 rpm in 4000 rpm mode).

This setpoint fluctuations are smoothed by the mechanics, which results in higher resolution in the middle.

There are two parameters in order to achieve the highest possible resolution for the application:

oP64 rel. value high-res.
Parameter oP64 adjusts the rel. value of the calculation and is dependent on Ud02.

oP63 ref. value high-res.
The factor for ref. value calculation is adjusted here:

oP63 x oP64
ref. value = _—
230

That means: If value 230 is preset for oP63, the ref. value is equal to oP64 "rel. value high-res.“. The double

rel. value can be adjusted as max. ref value.
The achievable high-resolution is calculated as follows:

oP64

high-resolution =
230

If oP64 is set to 2000 rpm, to the half max. value (4000 rpm mode), there is a high-resolution of:

oP64

high-resolution = =1.86 x 10°®

230

This should be sufficient for all applications.
The setting value for oP63 is calculated as follows:

required ref. value
oP63 = x23%0
oP64
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Example 1:
rel. value (oP64):
required ref. value:

2000 rpm
0.140624 rpm

0.140624 rpm

oP63 = x2% =75497
2000 rpm

Example 2:

rel. value (oP64): 2000 rpm

required ref. value: 32.37843rpm

32.37843rpm

oP63 = x2% = 17383037
2000 rpm
10.9 Ramp generator
The ramp generator assigns an adjustable time to a speed change. The acceleration time (for pos. speed
changes) and deceleration time (for neg. speed changes) can be preset separately for each direction of rota-
tion.
10.9.1 acc dec mode
The different ramp functions can be adjusted separately for every speed change (acceleration forward, decel-
eration, forward ...etc). The selection is made with oP27 and is adjustable separately in each set.
Mode ,constant ramp“ concerns to the standard ramp generator with defined acceleration, deceleration and
jerk values (see chapter 10.7.2).
Mode ,constant time“ is needed only in exceptional cases, if acceleration/deceleration shall be executed
always independent of the setpoint in the same time (see chapter 10.7.3).
Mode ,ogive run“ is a special form of the mode ,constant ascent “, which is particulary suitable for lift and
traversing drives (see chapter 10.7.4).
The more exact explanation of each operation mode is done in the respective sub-chapters.
oP27: acc dec mode
Bit | Ramp Value Explanation
0: FACC constant ramp Standard operation mode
0. 1 forward accel- 1: FACC constant time/act. reference constant time
’ eration 2: FACC constant time/last cnst. ref. Do not adjust!
3: FACC ogive Ogive run
0: FDEC constant ramp Standard operation mode
9 3 deceleration 4: FDEC constant time/act. ref. Do not adjust!
'~ | forward 8: FDEC c.t./last cnst. ref. constant time
12: FDEC ogive Ogive run
continued on the next page
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10.9.2

oP27: acc dec mode
Bit | Ramp Value Explanation
0: RACC const. ramp Standard operation mode
45 reverse accel- 16: RACC const.time/act. ref. constant time
’ eration 32: RACC c.t./last cnst. ref. Do not adjust!
48: RACC ogive Ogive run
0: RDEC const. ramp Standard operation mode
6.7 reverse decel- 64: RDEC const.time/act. ref. Do not adjust!
’ eration 128: RDEC c.t./last cnst. ref. constant time
192: VL ogive Ogive run
0: Reference value constant as indicated in Bit0...7
8 Al 256: var. ramp reference gn:xeC(r)Sr?j[a\l/r:riZiT:m
(FOR: oP10, REV: oP11) (ngmor oP11)

oP27 Bit 8

If the function is activated, oP10 is valid as reference value for the modes "constant ramp" and "ogive run"
for forward direction and oP11 for reverse direction. The specified reference value is valid furthermore in the
mode for constant time.

Limitations:

The scaling factor of the ramp time is very comprehensive. Therefore all involved parameters are accepted
neither for analog setting nor as process data.

Since this has not been valid for oP10 and oP11, the following limitations exist for compatibility reasons:

- Analog setting of oP10
- oP10 or oP11 as process write date

The calculation of the ramp times is not executed with these settings, even if it is adjusted in oP27. The previ-
ous adjustment remains. The calculation is executed only after power on, at set copying and direct writing of
the parameters.

Ramp with constant ascent

This mode is the KEB factory setting. The acceleration / deceleration values are defined with parameters
oP28 to oP31.

The jerk (i.e. the permissible acceleration / deceleration change) is defined with parameters oP32...0P35 and
oP70... oP73.
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10.9.2.1 Linear ramps

The linear ramps are parameterized with parameters oP28 ,acceleration time forward“, oP29 ,acceleration
time reverse®, oP30 ,deceleration time forward“ and oP31 ,deceleration time reverse™

+n [rpm]
C
o
5 1000 +-------- ==
° | |
- I I
rs) | |
| |
Sp 500 |- -
o2 An | A oP29*! oP31*!
ae L N b |
O At | | A t At | | At |
8 | | h i i
5 oP28 ! ! oP30 ' ' '
-— I I
e An ., An
“5 I I
C I I
'-g % 800 _________________________________ I_ - ]
-
501000 ----------m s m s e --
-n [rpm]
Figure 10.11  Acceleration and deceleration times
oP28 Acceleration time forward *1 If value "=For" is adjusted in these parameters (acceleration

and deceleration times for rotation direction reverse), then
the values of rotation direction forward (oP28 and oP30) are
oP30 *2 Deceleration time forward valid.

oP29 *'  Acceleration time reverse

oP31 *' Deceleration time reverse

An Speed change *2 If the value ,=Acc" is adjusted, then the value of acceleration
At Acceleration time for An forward (oP28) is valid.

ramp time to be adjusted (oP28...0P31) _ required ramp time (At)

reference speed (depending on Ud02) speed change (An)

1000 rpm in 4000 rpm mode (see chapter 5.1)
Reference speed = .
2000 rpm in 8000 rpm mode (see chapter 5.1)

Example:

A drive shall accelerate from 100 rpm to 1000 rpm in 5s
desired ramp time At=5s

speed change An =900 rpm

4000 rpm mode reference speed = 1000 rpm
ramp time to be adjusted

5s*1000 rpm
oP28 = =556s
900 rpm
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10.9.2.2 S-curve times

For certain applications it is of advantage when the drive starts and stops jerk-free. This function
is achieved through a straightening of the acceleration and deceleration ramps.

Parameters oP32 ,s-curve time acc. for.” to oP35 ,s-curve time dec. rev.“ and oP70 ,s-curve up time acc.
forward“ to oP73 ,s-curve up time deceleration reverse® define the time for acceleration / deceleration from 0
to the max. value or from the max. value to 0.

The max. value for acceleration / deceleration is defined by the linear ramp times oP28 .. oP31.

+n [rpm]
c
8000 { -~
oo
5
cz oP29 oP31
o8
§ P3 P7 P7 P3
=) t[s]
c 0 ) ) ' ' '
-(% P3 P7 P7 P3
29 oP28 oP30
<]
§9
©
21000 -~ ---- - moooooooo oo oo
@)
-n [rpm]
Figure 10.12  S-curve time
Definition of the s-curves (straightening time):
Parameter Value range Factory setting | Notice
oP32: S-curve time acceleration | O: off X
forward 0.01s...5s
-1: see forward X = oP32
oP32: S-curve time acceleration 0- off
reverse -
0.01s...5s
-1: see acceleration X = oP32
oP34: S-curve time deceleration )
0: off
forward
0.01s..5s
-1: see forward X = oP32
oP35: S-curve time deceleration 0- off
reverse -
0.01s..5s
-1: lower s-curve X =oP32
oP70: s-curve up time acc. for. 0: off
0.01s..5s
further on next side
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Parameter Value range Factory setting | Notice
-2: forward parameter =0P32
. -1: lower s-curve X =0oP32
oP71: s-curve up time acc. rev.
0: off
0.01s..5s
-2: acceleration parameter =0oP32
. -1: lower s-curve X =0P32
oP72: s-curve up time dec. for.
0: off
0.01s...5s
-2: acceleration parameter = 0P32
) -1: lower s-curve X = 0P32
oP73: s-curve up time dec. rev.
0: off
0.01s..5s
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10.9.3 Ramp with constant time

At the ramp with constant time, oP28...0P31 adjusts the time the inverter accelerates from speed 0 to the
actual setpoint (ramp mode = 1) and/or decelerates from the last setpoint to speed 0 (ramp mode = 2). Then
the acceleration / deceleration time at start/stop operation is independent on the setpoint. s-curves are not
possible in this operating mode.

Example for the use of ramps with constant time:

Two conveyor belts run with different speeds. Both of them receive the stop-command at the same time. The belts
reduce the speed in proportion to the adjusted time and come to a standstill simultaneously.

Acceleration Deceleration
oP27 acc dec mode oP27 acc dec mode
=1, 4, 16, 64: const. time / actual setpoint T =2, 8, 32, 128: const. time / last const. setpoint
¢ oP28 |—=§ - oP30 "
.-E : : ) -
g 1
) _ _
n
time 7 time
— i Display ramp i e Display ramp H = Display ramp
Setpoint 1 output Setpoint 2 output 2 Setpoint 3 output 3
Acceleration at ramp mode = Deceleration at ramp mode =
constant time / actual setpoint constant time / last setpoint
(value 2, 8, 32, 128) is: (value 2, 8, 32, 128) is:
An actual setpoint An last setpoint

Ramp mode ,constant time / actual setpoint* should always be selected for acceleration and
"constant time / last setpoint" for deceleration.

The other adjustments are programmable and can be used if it shall be operated between differ-
ent setpoint speeds (except 0).
When starting from 0 and/or deceleration to 0, they have the following effects:

If the mode ,constant time/ actual setpoint” is selected for deceleration, deceleration is calcu-

lated to:
w An actual setpoint 0 rpm 0
° At acceleration time (oP30/0P31) deceleration time

This means that the drive don’t decelerate, it keeps running with the last setpoint before stop
command.
Minimum acceleration / deceleration is limited programatically to:

An / At = reference speed / 4800 s (reference speed dep. on Ud02 / see chapter 5)

This means the drive would not continue to run constantly, but it decelerates very slowly.
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10.9.4 Ogive run

In the mode "constant ascent", a change in setpoint while the inverter is still in the acceleration / deceleration
phase will lead to the fastest possible response. If the new setpoint requires e.g., a change from acceleration
to deceleration, the acceleration ramp is interrupted and the deceleration ramp is started immediately. This

can lead to an undefined jerk.

If ogive run is selected, the programmed s-curve times are always used, the acceleration / deceleration

change continuously and no undefined jerk occurs.

ru01: set value display

ru01: Display ramp output
with ogive run

ru01: Display ramp output
without ogive run

Figure 10.13  Ogive run

10.9.4.1 Time factor acceleration/deceleration (0P62)

The time factor accelerates or decelerates the standard ramp times (0P28... oP31) by the adjusted value.
The S-curve times do not change at values 0...4. The S-curve times are considered at value 5.

oP62: acceleration deceleration time factor
Value Description
0: off
1: 2 times
2: 4 times The linear ramp times are extended or reduces by the adjusted
3: 8 times factor.
4: 16 times
5: 1/10 times, and s-curve
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10.9.5 Modulation switch-off range
If a frequency > OHz is adjusted in oP36 / oP37, all output frequencies < oP36 / oP37 are suppressed and
the modulation is switched off. The acceleration and deceleration ramps start resp. end at this frequency.lJ
Switching off/on of the modulation when exceeding or falling below of 0P36 / oP37 occurs without hysteresis.
With analog setpoint setting it must be ensured that the setpoint is not in the range of oP36 / oP37. Param-
eters oP36 / oP37 are only available in v/f characteristic operation.

oP36: min. output value forward

Value Description

The setpoint jumps from 0, without ramps to the adjusted value in oP37. The ad-
justed values of oP07 and oP11 are considered as limits

0.0000...400.0000Hz

oP37: min. output value reverse

Value Description
-1 = forward The value is the same as in oP36

The setpoint jumps from 0, without ramps to the adjusted value in oP37. The ad-
justed values of oP07 and oP11 are considered as limits

0.0000...400.0000Hz
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11.

Motor Data and Controller Setting of the Asynchronous Motor
The asynchronous motor has two principally different modes of operation:

- VIf characteristic operation
V/f characteristic operation, with SMM (Sensorless Motor Management) for speed stabilisation and different
current limiting protective functions

- Vector controlled operation with motor model without encoder feedback (ASCL)

During speed-controlled operation of an asynchronous motor without encoder feedback (Asynchronous Sen-
sorless Closed Loop => ASCL), the speed is estimated with a mathematical model of the asynchronous
machine.
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11.1

1.1.1

Open-loop operation (v/f characteristic)

Rated frequency (uF00), boost (uF01) and delta boost (uF04 / uF05)

The voltage /frequency characteristic (v/f) is adjusted by the rated frequency (uF00) and the boost (uF01).
The rated frequency adjusts the frequency at which 100 % modulation depth (~input voltage) are achieved.
The boost adjusts the output voltage to 0 Hz. Depending on uF10 the modulation limit can be increased up

to 110% on this level (see Fig.11.1).

ru42: modulation grade

L
uF10=2/3

110%

100% uF10=1
uF00 = 0.00...400 Hz; Default = 50 Hz
uF01 = 0.0...25.5 %; Default = LTK*
uF10=0
uF01
0 . ru03: actu-
uF00 al frequen-
cy

* LTK = power circuit-dependent
Figure 11.1 Rated frequency and boost

The delta-boost is a time-limited boost used to overcome large breakaway torques. The delta-boost acts
adding to the boost; but the sum is limited to 25.5 %.

ru42: modulation grade

Ua
100%-

uF04 = 0.0...25.5 %; Default = 0 %
uF05 =0.00...10.00 s; Default=0s

uFO4T

urot f_ L
uF05

Figure 11.2 Delta boost
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11.1.2

1.1.3

1.1.4

Max. voltage mode (uF10)

By changing the maximal voltage mode more torque can be released free above the rated frequency through
overmodulation (110% voltage). Raising the v/f-characteristic has an influence at activated energy saving
function or at voltage stabilisation.

uF18: max. voltage mode
Value | Modulation Description

0 100% v/f /1 100% without overmodulation; all limitations 100% of modulation factor
voltage

1 110% v/f 1 110% with overmodulation; all limitations 110% of modulation factor
voltage

2 200% VIf 1 100% limitation of the voltage generating functions 200 %; limitation before mod-
voltage ulator 100% of modulation factor

3 200% VIf /1 110% limitation of the voltage generating functions 200 %; 110 % output voltage
voltage

Add. frequency / voltage (uF02 / uF03)

An additional point can be specified with uF02 and uF03 to adapt the v/f characteristic to special conditions.
uF02 defines the frequency and uF03 the voltage. The adjustment is ignored at uF02 = 0 Hz. The parabolic
characteristic is activated with uF02 = ,-1: parabolic characteristic". Then parameter uF03 has no function.

ru42: modulation grade

Ua
100%-

uF02 = -1: Parabolic characteristic UF03 -
0.0...400 Hz; Default = 0.0 Hz

uF03 =0.0...100.0 %; Default = 0.0 %

uFo01

» fout

Figure 11.3 Additional point

Voltage stabilisation (uF09)

The DC link voltage and thereby the directly dependent output voltage can be changed by fluctuations of the
mains voltage or the load. The fluctuations of the output voltage are compensated when the voltage stabilisa-
tion is activated. i.e., 100% output voltage correspond to the value set in uF09, but maximally 110% - (UDC
link /  2) depending on the adjustment of uF10. This function further allows operation of motors with low rated
voltage at the inverter.
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U
v“ U, at U, = 250V unstabilized
250Vt e--mo L.
Example: uF09 = 230V £00 < 230V /] U, atU,=250V stabilized
u =230VpF—————— YRR TE L e LR EICRLEEEEEREELELREEED
ary
/"1 U, atUy= 190V stabilized
Value range uF09: 1..1119 V 190 V] gl
Deactivation of the function by: s o1 UgatUy =190V unstabilisized
Value 650: off OR value 1120: off i :
R | U, = Mains voltage
27 I U, = Output voltage
47 I
# ! > f
uF00 = 50Hz

Figure 11.4 voltage stabilisation

with voltage stabilisatio

=

without voltage stabilisation

Motor voltage

Motor speed

Motor voltage

Utilisation
Utilisation

Motor speed

Figure 11.5 Example: Acceleration with load

© KEB, 2019-03 COMBIVERT G6 109




Motor Data and Controller Setting of the Asynchronous Motor

Voltage stabilisation PT1 time
The time constant of a PT1 element is determined with uF19. The PT1 element serves to smooth the DC link
voltage (UDC). The output value of the PT1 element is used as actual value for the DC link compensation.

uF19: voltage stabilisation PT1-timeconst.

Value Meaning

function switched off
2ms smoothing time
4 ms smoothing time

o

8 ms smoothing time
16 ms smoothing time
32ms smoothing time

64 ms smoothing time
128 ms smoothing time
256 ms smoothing time

O O(NOD|O|R|W|IN|[~

512 ms smoothing time
1024 ms smoothing time

N
o

with voltage stabilisation without voltage stabilisation
Actual frequency Actual frequency

Actual DC voltage

Actual DC voltage

Motor voltage

Motor voltage

Utilisation

Utilisation

Figure 11.6 Example: Deceleration of a high-inertia drive from 80Hz
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11.1.5

11.1.6

1.1.7

Deactivation of the voltage stabilisation via digital input

The voltage stabilisation uF09 can be deactivated via a digital input with parameter uF27 or di22...di35 with

value 22.
The motor voltage will be gradually increased or decreased when the function is activated. The time for in-

creasing and decreasing can be adjusted with uF06.

uF27: uF09 off input select

Bit | Value | Description

1 ST (prog. input ,control release/reset®)
2 RST (prog. input ,reset)
4 F (prog. input ,forward®)
8 R (prog. input ,reverse®)
16 I1 (prog. input 1)

32 12 (prog. input 2)

I3 (prog. input 3)

128 |14 (prog. input 4)

256 | IA (internal input A)

512 | IB (internal input B)
1024 | IC (internal input C)
2048 | ID (internal input D)

oo |m|N|jojaldw v oo
o
N

Switching frequency (uF11)
Information to the switching frequencies can be found in chapter 16.3 "Switching frequencies and derating".

Energy saving function (uF06...uF08)

The energy saving function allows the lowering or raising of the current output voltage. Corresponding to
the activation condition defined in uF06, the voltage in accordance with the v/f characteristic is scaled to the
energy saving factor (uFQ7).

With activated torque compensation (see chapter 11.1.7), the energy saving function is used for control opti-
mization. The V/f characteristic will then not be affected.

The maximum output voltage cannot be higher than the input voltage, even for a factor > 100 %. The function
is used e.g.in cyclic executed load/no-load applications. The speed is maintained during the no-load phase,
but energy is saved as a result of the voltage reduction.

uF07: energy saving factor

Value Meaning
0.0...130.0% | Output voltage in %, on which is modulated at activated energy saving function.

uF08 energy saving input selection
0...4095 (Default 0)
For the assignment of the inputs to the parameter values, refer to chapter 9.1 ,Digital inputs®.
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uF06: energy saving mode

Bit | Description Value | Function
0 generally off
1 generally active
2 at actual value = set value
3 activated by dig. input
0...3 | Activation 4 at rotation forward
5 at rotation reverse
6 at forward constant
7 at reverse constant
8...15 | generally off
0 standard time *
16 time /2
4...7 | Voltage ramp 32 time /4
48 time /8
64 time / 16

*

default setting 1.6s
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11.1.8 SMM (sensorless motor management)

The SMM-function (sensorless motor management) includes the torque and slip compensation. These two
functions can be activated separately. For an optimal control characteristic, the combination of both functions
is required.

Setting the correct motor data is required, since they are used in calculations needed by the inverter to
achieve the best possible results in the control of boost and slip.

Ramp output actual frequency Output
display display voltage I I
4 S
n F out P Fout 7| transfor- .
£ - mation >
Uout >
F ramp . SMM . U mag
Slip compensation
F calc act autoboost
> v +
E i t 1 |, O— Transforma-
slip Imag Fvif + / \ tion angle
f
v/f characteristics F out
uF00...uF03 ou
last cycle
\4
D lu
SMM U out (last cycle) transfor-
Motor model ~ | app? mation "
< K _
| act
n
f
ASM
( rul7 ) ( rug7 ) 3ph
calculated Active magnetising
actual value current current
Figure 11.7 Control SMM

Torque compensation

Torque compensation adapts the voltage at variable load torques in such a way that the magnetizing current
is kept constant. This ensures a larger maximum torque at low output frequencies compared to the uncom-
pensated operation (block diagram see chapter 11.2.4.)

11.1.8.1  Motor name plate
Following parameters can be taken directly from the name plate and entered:

- dr00 DASM rated current

- drO1 DASM rated speed

- dr02 DASM rated voltage

- dr03 DASM rated power

- dr0O4 DASM rated cos(phi)

- dr05 DASM rated frequency
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Parameters dr00 and dr.02 must be adjusted according to the used connection (star/delta).

The following parameters can be taken from the corresponding data sheet or can be determined by meas-
urements:

- dr06 DASM stator resistance (can be measured)
- dr09 DASM breakdown factor (can not be measured, must be taken from the motor data sheet)

11.1.8.2 Determination of the stator resistance (dr06)

The stator resistance can either be measured with an ohmmeter or determined automatically.

In this way the ohmic line resistance is registered simultaneously (important in the case of long incoming
lines).

For the measurement with an ohmmeter, the connection between motor and inverter has to be broken. The
measurement is carried out on a warm motor, between 2 phases of the motor feed cable, independent of the
motor wiring (A /Y). For a more accurate result, all 3 values (U/V, U/W and V/W) should be measured and
the values then be averaged.
The automatic determination can be carried out for each parameter set separately. Thus a parameter set can
be programmed for example as "Warm-up set" for particularly critical applications.
Adhere to the following procedure:

- Enter motor data of the type plate into the parameter set which is to program

- possibly call and activate parameter set

- Execute the measurement dependent on the operational case in cold status respectively let the motor

warm up to operating temperature.

- Preset no direction of rotation (inverter must be in status ,LS%)

- Activate control release

- Maximum value "250000" of parameter dr06 starts the resistance measurement
"Calculate drive data" is displayed in the status display (ru00) during determination. Upon successful de-
termination the motor stator resistance is entered in dr06. If an error occurs during determination then error
message ,ERROR calc. drive data“ is output.
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11.1.8.3

11.1.84

Load mot.dependent parameter (Fr10), controller activation

After input of the rating plate data of a new motor or after automatic measurement of the stator resistance, an
automatic optimisation of the torque and slip compensation can be carried out with Fr10 (see chapter 11.1.7).
The optimisation is started by writing value "3" on Fr.10. Thereby the inverter must be in status ,no operation®
(no control release). Provided that only one motor is used, the measurement can occur with direct set pro-
gramming for all parameter sets at once.

Fr10: load mot.dependent parameter
Value | Function Explanation
0 done loading completed
1 uF09 only for closed loop operation (G6L/P)
2 act. dc voltage only for closed loop operation (G6L/P)
3 start motor adaption Adjustment for torque and slip compensation

Following parameters are changed by the activation of Fr10:

- uF00 rated frequency = DASM rated frequency (dr05)

- uF01 boost = calculated value

- uF02 additional frequency = -0.0125 Hz (parabolic characteristic)
- uF03 additional voltage = 0.0%

- uF09 voltage stabilisation = DASM rated voltage (dr02)

- uF16 autoboost configuration = 1 (sign-sensitive)

- uF17 autoboost gain = 1.2 (default value)

- ¢S00 speed control configuration = 34 (speed control SMM + breakdown factor (dr09))
- ¢S01 actual source = 2 (calculated)

- ¢S04 speed control limit = 4 « rated slip of the motor

- ¢S06 KP speed = 50

- cS09 Kl speed = 500

The adaption covers approx. 90 % of the applications. For an application-specific adjustment a manual fine
adjustment can be carried out in individual cases.

Adjustment of the slip compensation (¢cS00, ¢S01, ¢S04, cS06, cS09)

The integrated speed controller is used at cS00 = 2 for slip compensation. The rotor speed calculated from
the motor model is selected as actual controller value with cS01 = 2. The slip compensation can be config-
ured with bits 3-6 in ¢S00.
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11.1.8.5

¢S00: speed control configuration

Bit | Meaning Value | Explanation
0 no rot. change by ctrl.
0..2 1 process ctrl. (only v/f operation)
2 speed ctrl. (only v/f operation)
3 0 no rot. change by ctrl.
8 rot. change by ctrl.
4 control mode 0 no controller intervention at controller setpoint = 0 Hz
16 | controller intervention also at controller setpoint = 0 Hz
5 0 no slip limitation
32 | slip limitation (rated slip x dr09)
5 0 default slip compensation
64 | impr. slip compensation
¢S01: act. source
Bit | Meaning Value | Function
0 reserved
1 channel 2 (initiator input)
0...1 | act. source
2 calculated actual value
3 reserved
2 System inversion 0 off
4 on

cS04: speed control limit

Value range | Function

0...4000 rpm | The speed limit determines the maximum controller intervention.

ﬂ The value range depends on the setting in parameter Ud02: control type.

¢cS06 KP speed, cS09 Kl speed
0...32767, default 300(KP), 100(KIl)
Proportional and/or integral factor of the speed controller.

These parameters must be adjusted before activation of the slip compensation. The default

values are optimised for closed-loop operation.
! This adaption is carried out with the motor adaption (see chapter 11.1.7.3), and only a fine ad-

justment is necessary.

Improved slip compensation (cS00 bit 6 = 64, cS03)

The slip is proportional calculated from the effective current at standard slip compensation. This calculation
becomes imprecise above the nominal setpoint and in regenerative operation. With the improved slip com-
pensation, the slip calculation during motor operation above the nominal setpoint is approximated to the
real M/n-characteristic with a parabolic function. Major inaccuracies will occur then only above double rated

torque.
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11.1.8.6

11.1.9

During generatoric operation, the linear dependency is preserved. The steepness of the characteristic can
be adjusted with cS03.

Adjustment of the autoboost (UF16, uF17)

The autoboost is activated and configured by uF16 and uF17. Magnetising current, setpoint and actual value
are calculated in the motor model.

“ Through overcompensation increased motor currents and associated inadmissible heating can
occur particularly at low frequencies.
®

uF16: autoboost configuration

Value | Function Explanation
0 |off Torque compensation off
1 sign-dependent Torque compensation acts motoric and generatoric

Torque compensation works only in the motoric operation; resulting in a
smoother run in the generatoric operation.

Torque compensation in motoric operation; overcompensation in the genera-
toric operation; resulting in a higher maximum torque and increased current
3 absolute in the generatoric operation compared to 1 and 2; because of the higher mo-
tor-own losses a braking resistor is only necessary at higher energy recovery
compared to 0, 1 and 2.

2 | O-limited

uF17: autoboost gain

Value range | Function

The magnetizing current setpoint can be adapted to the application with the energy saving
function (uF06...uF08, see chapter 11.1.6). If a drive operates in the partial load range for
a long period, decreasing the energy saving factor can reduce motor warming and energy
consumption.

0.00...2.50

Winding temperature evaluation

The temperature in the motor affects the rotor resistance and the stator resistance very different. The resist-
ances of rotor and stator have different effects on the speed. The rotor resistance have effects on the total
speed, the stator resistance effects especially the lower speed range.

Several factors must be observed at the resistance change:

- Stator cooling (eventually water cooling)

- Heat dissipation of the rotor

- thermal time constants

- Slip frequency

- Motor voltage

- Switching frequency (2, 4, 8kHz) of the inverter
- etc.

Parameter dr68 can be activated in order to reach an accurate temperature. The source and the rotor resist-
ance mode can be adjusted in parameter dr68 ,resistance adaption mode®.

© KEB, 2019-03 COMBIVERT G6 117




Motor Data and Controller Setting of the Asynchronous Motor

dr68: resistance adapt. mode

Bit | Value | Description Function
off
autom. selection

o

calculated
measured by motor sensor

Selection of the source -
measured via Aux

reserved

reserved

reserved
off
Temperature = Rs

0| OINO|OA|BR|W|IN|[~

3.4 Rotor resistance mode

—_
»

reserved

N
N

reserved

Then the corrected motor temperature is displayed in parameter dr51 ,motortemp for Rs corr*.

The actual temperature is not considered at the motor identification.

The temperature coefficient for motor temperature measurement must be set in parameter dr52.
dr52: temperature coefficient

Value | Function
0: off | switched off
0.1...25.0 | Adjustable value range for the temperature coefficient

ﬂ The temperature coefficient for copper is 4.3*103 / K

11.1.9.1  Winding temperature detection via AUX
The following must be observed for the evaluation of the winding temperature via the Aux input.

Parameter dr53 is parameterized via the AUX input if value 0 is set. A value must be preset if the motor
temperature is estimated. In this case it is recommended to set a value of 100°C and to carry out a fine ad-
justment after run in of the motor.

dr53: corr. delta temperature

Value | Function
0: off | switched off
1...250°C | Adjustable value range for the delta temperature
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11.1.9.2 Winding temperature detection via estimation of the motor temperature
Additionally to the analog and AUX winding temperature detection, the following must be observed.

Parameters dr54 and dr55 must be entered for winding temperature detection via estimation of the motor
temperature.

The warming time and the cooling time for the stator resistance correction (Rs correction) is entered in pa-
rameters dr54 and dr55.

dr54: Rs corr warming time

Value Function

240...16000 | Adjustable value range of values for the warming time

dr55: Rs corr cooling time

Value Function

240...16000 | Adjustable value range of values for the warming time

Simplified calculation for parameters dr.54 and dr.55.

warming time [s] + dr53
dr54 =

warming [°C]

warming time [s] + dr53
drb5 =

cooling [°C]

Cooling, cooling time, warming and warming time must be determined itself for this case. That

ﬂ means, the motor must be changed from cold into warm condition and the respective values for
the calculation of parameters dr54 and dr55 must be stored.

The maximum temperature for the estimated motor temperature is determined in parameter dr56.
dr56: Rs corr max. temp.

Value Function

30...90°C | Adjustable maximum value for the estimated motor temperature
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11.1.10 Select 50Hz / 60Hz mode (Ud06)

The COMBIVERT G6 can be changed with parameter Ud06 between 50Hz and 60 Hz mains and motor op-
eration.

ﬂ Parameter Ud06 is only available in open-loop mode G6x-G.

Ud24: Select 50Hz / 60 Hz mode

Value Function

Current values and limits, motor data, voltages, frequencies and speeds refer to a 50 Hz
mains.

Current values and limits, motor data, voltages, frequencies and speeds refer to a 60 Hz
mains.

The setting in parameter Ud06 can only be changed if the control release is open. Otherwise the
error message ,ERROR! operation not possible!” is output.

The following parameters change with the change of 50 Hz / 60 Hz:

dr00: DASM rated current
dr01: DASM rated Speed
dr02: DASM rated voltage
dr05: DASM rated frequency
dr06: DASM stator resistance
dr12: motorprot. rated current
In01: rated inverter current
uFO00: rated frequency

uF01: boost

When changing the mode, all parameters are reset to the default value!
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11.2 Vector controlled operation (ASCL)

Since the speed can be calculated only with the aid of a mathematical model, this operating mode may only
be used with the following limitations:

- Vector control around frequency = 0 is not possible.

- During operation in the low speed range, the motor model may become unstable. Therefore this range
must be left always quickly.

- No safety functions may be derived from the calculated speed.

This operating mode is only available in the G6L software.

For the motor model, there are some additional parameter for adapting the encoderless vector control to the
application.

Operation without speed feedback is activated by cS01 = 2 "calculated actual value".

Value 4 ,speed control“ or 5 respectively 6 ,torque control“ must be adjusted in parameter cS00 ,speed con-
trol configuration®.

The vector controlled operation with motor model is possible only if the electrical characteristic data of a
motor are known. The motor model calculation must be activated in parameter dS04 for this operating mode.

dS04: flux / rotor adaption mode

Bit Meaning Value Explanation
0: off
0 Motor model (ASM) 1 on Activation of the motor model calculation

The torque display (ru12) is invalid after change-over to frequency controlled operation!

The start-up can be executed alternatively with an "Online Wizard" in COMBIVIS 6 .

11.21 Initial settings

Vector controlled operation is activated by inputting the values 4, 5 or 6 into the category "control mode" of
parameter ¢S.00 "speed control config.".

¢S00: speed control configuration
Bit | Meaning Value Explanation

0: off
1..2 reserved for V/f-open loop operation
3: off

0.2 | control mode 4: Speed control (G6L/P) fgg;‘ilggwf; f&dsg:gjﬁggggg‘c’ﬂed
5: Speed control (G6L/P) torque-controlled operation / see
6: Torque/number (G6L/P) chapter 15
7: off

The speed controlled operation (¢cS00 = 5 or 6) is a special form described in chapter 15.

The following adjustments are necessary in speed-controlled operation, in all modes with motor model:
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11.2.1.1  Motor rating plate data
Input of the motor rating plate data is at the beginning of each start-up:

- drO0 DASM rated current

- dr01 DASM rated speed

- dr02 DASM rated voltage

- dr03 DASM rated power

- dr04 DASM cos(phi)

- dr05 DASM rated frequency

11.2.1.2 motor adaption

After input of this data, the operator must switch to closed-loop operation (¢SO0 = 4) and enter Fr10 = 1 or 2
(explanation see below) once.

Fr10: motor adaption

Value Function

Precharging dependent on the voltage class of the inverter and/or the
value of uF09

2: act. DC link voltage (G6L/P) | precharging dependent on the current DC link voltage of the inverter

1: uF09 (G6L/P)

In order to reset the field-oriented control parameters, the inverter must be in state ,no Operation®, i.e. input
,control release” (ST) may not be set. The following parameters are preset by the reset of field-oriented con-
trol parameters (depending on the motor and inverter data):

Definition of the limiting characteristic:

- dr16 DASM max. torque corner speed
- dr17 DASM speed for max torque

- dr18 DASM field weakening speed

Definition of magnetisation:
- dr19 flux adaption factor
- dr20 field weakening curve

Current controller
- dS00 KP current
- dS01 Kl current

Torque limits:

- ¢S19 ,absolute torque reference”

- ¢S20...cS23 torque limit (for. mot., rev. mot., for. gen., rev. gen.)
- Pn61 Quick stop torque limit
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Flux controller:

- dS11 KP flux

- dS12 Kl flux

- dS13 magn. current limit

Inertia:
- c¢S25 inertia (kg x cm?)

Speed controller (preloaded only if automatic speed controller setting is activated by ¢S26 # 0):
- ¢S06 KP speed
- ¢S09 Kl speed

at ASCL (G6L):

- dS14 KP speed calculation ASCL
- dS15 Kl speed calculation ASCL
- dS19 limit uf-control dec ASCL

Some of these parameters (e.g., the limiting characteristic) depend upon the available voltage. The voltage
stabilisation should be generally "off" in speed-controlled operation. The software-integrated current control-
lers control the voltages and a simultaneous intervention of the voltage stabilization increases the system’s
vibrational tendencies.

uF09: voltage stabilisation

Value Function
1120 off

With Fr10 = 1, precharging occurs dependent on the voltage class of the inverter (400V or 230V)

The actual DC link voltage of the inverter, which is proportional to the mains input voltage, is considered for
the calculations at Fr10 = 2.

If parameter uF09 ,voltage stabilisation” is not set to the default value ,,1120: off*, then the adjusted value in
uF09 is taken as reference voltage for the calculations in Fr10 = 1 or 2.

If the drive is to be operated at a different voltage then during initial start-up, proceed as follows :

Enter the rated voltage to be used later in parameter uF09, activate Fr10 = 1 and reset parameter uF09 to
,Off* .

ters, torque limits, etc., parameter Fr10 may not be activated anymore. Otherwise, the manually

' After completion of a possible "fine tuning", i.e., the manual adjustment of controller parame-
! adjusted parameters will be overwritten by the calculated values!
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11.2.1.3

11.21.4

11.2.2

Speed feedback and selection of the speed direction

The actual value source for the speed must be selected in parameter cS01.
At the G6L in vector operation (ASCL operation) the value in ¢S01 must be set to 2 "calculated".

¢S01: act. source

Bit Function Value Explanation
0: reserved
Channel 2 is an initiator input and can not be used
. as speed feedback or for the motor model. The ini-
1: channel 2 . . . . .
tiator input channel 2 is only available for inverters
0..1 | act. source with CAN control board.
2: calculated actual Control to calculated speed (from motor model)
value
3: reserved
, . 0: off . . .
2 System inversion P Activates the system inversion

With activation of the system inversion it is reached that the motor with selected rotation direction "forward"
(e.g. by setpoint- or rotation setting) has the physically direction "reverse" respectively at setting "reverse" the
physical rotation "forward". Precondition is a phase-correct wiring of the motor.

Electrical parameters (equivalent circuit data) of the motor

The parameters DASM stator resistance (dr06), DASM leakage inductance (dr07) and DASM rotor resist-
ance (dr08) can be taken from a motor data sheet or they can be automatically determined by the KEB COM-
BIVERT using the motor identification. The resistances are very low (only a few mQ) for motors with high
power. This can lead to errors in the automatic identification. For these motors, it may be sensible to use the
value from the motor data sheet for dr08.

Due to saturation, parameter dr10 "TPIM main inductivity" is depending on the selected magnetising current.
This is defined by the rated motor current (dr00), cos(phi) (dr04) and factor flux adaption (dr19). Since the val-
ue of the main inductance given in the motor data sheet possibly applies for a different current, this parameter
(dr10) must always be identified to ascertain the correct value for the actual magnetising current.

Identification of the motor model / general
The required equivalent circuit data for the motor model can be determined by the KEB COMBIVERT itself.

There are two possibilities to start the identification:

- Writing of parameter dr48 in inverter state "stop (mod. off)", measurement is starting auto-
matically.

- Writing of parameter dr48 in inverter state ,no Operation“ with subsequently control release

Parameter dr48 cannot be written in other operating conditions.

The measured values can be invalid in case of strong overdimensioning of the inverter. The rated current of
the motor should be at least 1/3 of the maximum short time current limit of the inverter. The short time current
limit is determined by the overload characteristics and can be taken from the power circuit manual or param-
eter In18 (hardw. curr. inverter).

The direction of rotation during identification of the main inductance is always "forward"!
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11.2.21

Value ,82: calculate drive data“ is output in inverter state ru00 during the measurement. After successful
measurement parameter ru00 displays ,127: calc. drive data ready”. If the measurement is interrupted with
an erruor, ru00 = ,60: ERROR calc. drive data“ is displayed.

No correct operation can be ensured in case of interruption.

The actual state of the identification is displayed in parameter dr62 "state motor ident.". The control release
must be switched off in order to leave the identification mode.

Parameter dr48 must be written again in order to start a new measurement.

If the internal brake handling is used in the application (Pn34 ,brake control mode®), then it must be deactivat-
ed for the motor identifikation. For safety reasons the output signal "brake release" is not set during measure-
ment, since the motor cannot generate a defined torque in this time. Stator resistance, rotor resistance and
leakage inductance can be measured also at engaged brake.

For the identification of the main inductance, the drive must be decoupled from the load and the output
switching condition which is assigned to the break control must be set to value "1" (= always active), setting
the brake permanently open.

Automatic mode

The automatic mode should be used generally for the identification of the parameters. The automatic mode
is the most simple method of parameter identification. Measurement of the dead time compensation charac-
teristics, as well as the stator- and rotor resistance and the leakage inductance is done in standstill. A small
rotation of the motor caused by the test signals is possible.

drd8: motor identification
Bit Description Value Function
0: off The motor identification is switched off

7: auto ident. without automatic measurement of the dead time characteristic
move and of all equivalent circuit data - with the exception of
the main inductance. This measurement is carried out

with the motor stopped, but a rotation of the motor due

0.4 |Measurement to the test signals is possible.

! Attention: requires motor revolution in no-load
operation!

automatic measurement of the dead time characteristic
and of all equivalent circuit data - including main induct-
ance.

The motor accelerates to "speed for Mmax" (dr17)

8: auto ident with move

It is necessary for the identification of the main inductance, that the motor accelerates to the speed for max-
imum torque (dr17) and then it operates in no-load operation.

There is a special ramp dr49 ,motor identification ramp time* for identification. This ramp applies during cali-
bration of the main inductance for the acceleration to dr17 and the deceleration at the end of the identification.
The speed controller must be sensibly parametrised (choose small Ki). The drive may not vibrate during the
identification.

The following chapter, "single identification", contains more detailed information with respect to the separate
steps of the identification and can be skipped if automatic mode is chosen. In the chapter after the next, "ad-
ditional trimmings", two further identifications are described which are not part of the automatic mode and that
are unnecessary in many cases.

The explanations of the parameters required to be set continues in chapter 11.2.2.5 "generally required set-
tings for operation with motor model".
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11.2.2.2

Single identification
Single identifications should not be used for the first measurement of the motor parameters, since invalid
measuring results can occur in case of a wrong identification sequence or omitting of individual points.
Single identification can always be used if a complete automatic measurement was executed and only indi-
vidual parameters shall be identified. This can be (e.g.) a resistance measurement at operating temperature
or a new measurement of main inductance after changing parameter dr19 "factor flux adaption".

dr48: motor identification

Description Value Function

0: off The motor identification is switched off

1: calc. head-ind. Lh /| Precharging of the current controller parameters and main

EMF* inductance from rating plate data

2: inductance Ls/L .

(ASM) * Measurement of the leakage inductance

3R:ssfator—re3|stance Measurement of the stator resistance

é:rA*\SM rotor-resistance Measurement of the rotor resistance
Based on the equivalent circuit data, the model parameters and

5: init model/curr.reg. * | the setting of the controller are determined in the dS-parame-
ters (current-, flux-, and speed calculation controller)

6: Main inductance ! Attention: requires motor revolution in no-load operation!

(ASM) * Measurement of the main inductance at "speed for Mmax"
(dr17)

Measurement 5 X . Iy

7: Autoldent. without automatic measurement of the dead time characteristic and of

main inductance all equivalent circuit data - with the exception of the main induct-

(ASM) * ance. This measurement is carried out with the motor stopped,
but a rotation of the motor due to the test signals is possible.

8: auto ident with move | ! Attention: requires motor revolution in no-load operation!
automatic measurement of the dead time characteristic and of
all equivalent circuit data - including main inductance.

The motor accelerates to "speed for Mmax" (dr17)

9: reserved

10: Dead time detec-

tion 4kHz * Measurement of dead time compensation characteristics for

11: Dead time detection | different switching frequencies

8kHz *

12: reserved

13: reserved

continued on the next page
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drd48: motor identification

Description | Value Function
0: 1000Hz
32: 500Hz
64: 250Hz The measuring frequency is changed independently during
Frequenc 96: 125Hz measurement.
g y 128: 62.5Hz Therefore, leave the value at 0: 1000Hz !
160: 32.25Hz Only changeable for test and diagnostics purposes.

192: 15.625Hz

224:7.8125Hz
* Automatically identified at dr48 = 8

Pre-adjustment of the main inductance (dr48 = 1)
A starting value for the main inductance is calculated from the rating plate data with dr48 = 1 (calculation of
the main inductance (ASM) / EMF(SM)).

Leakage inductance measurement (dr48 = 2)

The measurement of the leakage inductance (dr07) occurs with a test signal during standstill. The frequency
of the measuring signal is adjustable via bit 5...7 in parameter dr48.

Since the inverter determines automatically the ideal measuring frequency, value 0 should always be select-
ed for bits 5...7.

Leakage inductance measurement (dr48 = 3)
The measurement of the stator resistance is done with DC current.

Leakage inductance measurement (dr48 = 4)

The measurement of the leakage inductance (dr08) occurs with a test signal during standstill. The frequency
of the measuring signal is adjustable via bit 5...7 in parameter dr48.

Since the inverter determines automatically the ideal measuring frequency value 0 should always be selected
for bit 5...7.

Since the measurement frequency occasionally has to be reduced to 7.8125 Hz for better measurement
accuracy, the motor may rotate.

Model-/ controller parameterisation (dr48 = 5)

The internal model parameters and also the current, flux and speed calculation controller parameters are
calculated from the equivalent circuit data with dr48 = 5. If a mode other than automatic is used for the iden-
tification, this action should be executed after the measurement of the leakage inductance, rotor and stator
resistance, but before the identification of the main inductance, in order that the controllers are correctly par-
ametrised for the speed ramp-up.

Main inductance (ASM) (dr48 = 6)

It is necessary for the identification of the main inductance that the motor accelerates to the speed for maxi-
mum torque (dr17). The speed controller must be parameterised reasonable (select small Ki), the drive may
not vibrate during the identification.

The motor must be able to rotate in no-load operation. After the main inductance has been identified, the drive
stops automatically.

There is a special ramp ,motor identification ramp time* (dr49) for identification. This ramp applies for accel-
eration at the beginning and deceleration at the end of the identification.
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Deadtime ident. (dr48 = 10, 11)
The dead time detection only works as single identification if the stator resistance is correct preset.

The measured dead-time values can be read out via In39 and In40.

The calibrated dead time compensation characteristics are in force if uF18 = 3 is set.

11.2.2.3 Motor identification error state dr66
In error case parameter ,motor identification error code" (dr66) displays the reason for this error:
dr66: motor identification errorstate
Value | Description Explanation
0 ERROR disabled
1 Stator resistance Rs not within permissible range 0.001...250 Ohm
2 Rotor resistance Rr not within permissible range 0.001...250 Ohm
3 Leakage / winding inductance not within permissible range | 0.01...655.35 mH
4 Main inductance not within permissible range 0.1...3276.7 mH
5 DASM mag. current (dr13) not within permissible range 0.25...0.75 rated motor current
Occurs if the inverter exceeds the
6 internal switching frequency error rating limit during the motor identifi-
cation.
The phase angle between current
7 Rotor resistance measurement phase shifting not within and voltage is >65 ° at smallest
permissible range measuring frequency and <10 °at the
largest.
8 Stator resistance measuring or dead time has reached The modulation factor has reached
100% modulation 100%.
9 Frequency at Ls/L measurement not within permissible
range
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11.2.2.4

11.2.2.4.1

Additional trimming

dr48: motor identification

Bit Description Value Function
0: off

14: reserved
15: torque ident 4 kHz Detection of the no-load torque at different switching

frequencies. During operation this torque is subtracted
from torque display ru12.

16: torque ident 8 kHz
17: reserved

18: torque ident 16 kHz
19: current offset ident Detection of the current offset in phase U and V

0...4 | Measurement

20: Usd Step Only for synchronous motor

21: head-ind. Lh flux As value 6, unless the magnetizing current is not static
adapt. but it is calculated adaptively.

22: autoidentification As value 8, unless the magnetizing current is not static
w.m. f. adpt. but it is calculated adaptively.

Head inductance (ASM) / autoidentification w.m. f. adpt.! (dr48 = 21, 22)
Values 21 and 22 should only be used from a motor size of about 11 kW. Values 21 and 22 are used for the
optimisation of the magnetization current for the entered rated motor data.

Torque detection (dr48 = 15,16)

For applications with particularly high demands on the accuracy of the torque display, this can be calibrated.
As standard the torque display does not display a value of 0 in encoderless operation during no-load oper-
ation. The reason for this is switching frequency-dependent losses in the inverter and friction losses due to
the application.

If the torque display has to be corrected for this offset, the torque offset of the whole drive can be calibrated
with dr48 = 15, 16 for the various switching frequencies.

Thereby the drive accelerates step by step with the adjusted ramp in dr49 to maximum 1.3-fold of the syn-
chronous speed. The speed limits set in the oP-parameters remain operative during this phase.

The calibrated no-load torque is stored as correction characteristic. The display of the actual torque in ru12 is
corrected during operation with this characteristic.

The torque offset characteristic can be read out with parameters dr58 / dr59.

This should be executed only if the application really requires increased torque accuracy.
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11.2.2.4.2 Current offset ident. (dr48 = 19)

11.2.2.5

As standard the current offset from the inverter is permanently ascertained and balanced, as long as the mod-
ulation is switched off. Therefore, the current offset detection via dr48 is usually not required. In some cases,
one achieves more accurate current offset values if one carries out the trimming with current in the motor.

If dr48 = 19 is selected, the inverter provides a test signal to the motor and so carries out the trimming once.
A disadvantage of this current offset detection is that it is carried out only once and therefore temperature and
ageing effects are not taken into account.

To preserve the identified offset, automatic measurement is deactivated with dr48 = 19.

Since the automatic measurement can only be reactivated by the KEB service personnel, the
! current offset detection should preferably be carried out only in consultation with KEB.

Generally adjustments for operation with motor model

The drive is only ready for operation after switching the modulation if the flux is build up. If one starts earlier,
the drive can display undefined behaviours (erroneous torque display, too high currents, bad control behav-
iour).

dS04: flux / rotor adaption mode

Bit | Meaning Value Explanation
7 Wait for magnetisa- | 0: off The setpoint setting (ru01) is applied only after the flux build-up,
tion (ASM) 128: on i.e., only then ramps and speed controller become active.

Bit 7 in dS04 (,Wait for magnetisation (ASM)“) )") must therefore always be set (value 128). Thus the setpoint
setting is only released if the adjusted value in parameter dS26: wait for min. flux is reached.

%

100% |
Flux / rated flux
80% |
Set value display (ru01)
60% |
Ramp output display (ru02)
40% | :

20% | Control release (ST)

N : /

0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 10 t

Figure 11.8 Operation with motor model
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11.2.2.5.1

11.2.2.5.2

Also the flux controller must be activated for the operation with motor model.
The parameterization of the controller (KP flux / dS11, Kl flux / dS12, magn. current limit / dS13) is done au-
tomatically by Fr10 and after motoridentification (dr48).

dS04: flux / rotor adaption mode

Bit | Meaning Value Explanation
. Flux controller always off (these adjustment is not allowed for the
0: off ; .
operation with motor model)

32: reserved

5 g | Flux control | 64: on, n"3/ Flux controller active, speed-dependent limit of the controller (at

" | (ASM) dr1743 speed 0 = 0/ at speed dr17 = dS13)

96: on, start as value 64, exception: start of the drive:
and n*3/ here, (despite speed 0) for magnetisation the limit of the flux con-
dr17/3 troller is set to the value dS13.

Value 64 or 96 should be selected during operation without speed feedback. Parameter dS13 ,magn. current
limit* is set with Fr10 to half rated motor current. If the flux build-up time is to be shortened or if particularly
high demands are made on the dynamics in the field weakening range, this value can be changed to DASM
rated current (dr00).

The inverter can only provide the standstill current at speed 0. If the current is higher ,ERROR overload 2"
is triggered after a short time. Thereby this can lead to problems during magnetizing for some motor/inverter
combinations. In these cases, the setting dS04 Bit 5, 6 = 64 "flux controller not active during boot" must be
chosen.

Magnetization with variable motor flux

A percentage value can be adjusted with parameter ds26 "wait for min. flux" from which the setpoint setting
is enabled. In order that this function becomes active, bit 7 resp. value 128 must be set in parameter dS04
"flux/rotor adaptation mode".

If in parameter dS04 ,flux/rotor adaption mode® Bit7 resp. value 128 is set, the magnetisation is parallel run-
ning to the premagnetizing time in parameter Pn35. The time adjusted in parameter Pn35 must elapse, inde-
pendent of the flux to start the setpoint setting. If parameter Pn35 is set to Os the waiting time is dependent
on the rotor time constant of the motor.

dS26: wait for minimum flux

Value Function

40%...100% | Value for the minimum rated motor flux when the setpoint setting is released.

Dead time compensation

The drive has also measured the dead time compensation characteristic during automatic identification. This
calibrated characteristic should be activated for the control with motor model by the setting "dead time com-
pensation mode" (uF18) = 3: ,automatic".

uF18: deadtime compensation mode

Value Explanation

0: off Deactivates the dead time compensation
1: reserved

2: e-function Only required for special applications
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11.2.2.6

11.2.2.7
11.2.2.7.1

3: automati- Activation of the identified characteristic. Shall always be used at control of asynchro-
cally nous motors with motor model

Further available kinds of the dead time compensation are only required for special applications (applications
with high frequencies, some special motors) or in other operating modes (e.g. V/f characteristics controlled).
The dead time compensation can be switched off via a digital input. The digital input is selected with param-
eter uF21. This disconnection is only required for special applications with high frequency.

Magnetisation current adaption / with motor model

The automatic calculation of the magnetising current occasionally returns values which are too high for large
motors. This way, the dynamic operation in the field weakening range may worsen.

Whether the automatically calculated magnetising current is too high, can be tested by accelerating the drive
to the field weakening speed (dr18) with no load. At this speed, the voltage limit (modulation factor 100%)
should not be reached yet. Othwise the ,flux adaption factor” (dr19) should be reduced until the modulation
factor is about 90 - 95%.

Subsequently, a new identification of the head-inductance must be carried out (dr48 = 6) and the controller
must be adapted to the new head-inductance with dr48 = 5.

The new "factor flux adaption" must then be checked with a new ramp-up.

(modulation factor ru42 even for high speed and a load always smaller than 95%) and the

' If the factor is reduced too much, the available voltage will not be fully exploited anymore
! motor current increases!

Special functions

High-frequency spindle
A special start-up must be executed for motors with output frequencies > 200 Hz.

Rating plate data ,,rated speed*

The ratedspeed is often not indicated on the type plate of the spindles. When driving with motor model this
rated speed ist only important for calculation of the pole-pair number and the model tripping level in parame-
ter ds19 (default value => 2*slip speed).

If no value is indicated here, then 98.5% of the synchronous speed can be accepted.
nn= fn*60 *0.985/ ppn

ppn = pole-pair number

fn = ratedfrequency

nn =ratedspeed

Selection of the ratedswitching frequency of the inverter

The output frequency should not exceed 1/10 of the switching frequency.
Thus the following applies:

switching fre- max. output frequency output speed (for pole-pair number = 2)
quency

4 kHz 400Hz 12000 rpm
8 kHz 800Hz 24000 rpm

Voltage output for HF applications (dS18 Bit6, value 64)

132

COMBIVERT G6 © KEB, 2019-03




Motor Data and Controller Setting of the Asynchronous Motor E

An additional voltage vector can be output for 8 kHz. The current controller is calculated only every 12 us. The
transformation angle can be changed every 62.5us because the current controller uses "estimated model
flows" as controller feedback. This is useful e.g. at HF spindles, where the current measurement is falsified by
high current ripple of the motor current or due to saturation effects high-frequency harmonics are contained
in the current which can activate the controller.

Switching off the hardware current limit (HCL)
If the motor model is activated, the HCL should generally be deactivated via (uF 15: 0 = off) because the motor
model control and the hardware current control can disturb each other.

11.2.2.7.2 Identification of the equivalent circuit data:

Main inductance:

There can be problems at the measurement of the main inductance in lower speed range and when
reaching the target speed.

Lower speed range:

The measurement of the main inductance is started with a value for the inductance which is calculated
from the motor data. The lower speed range must be passed through speedy because the mode of
calculation can only be estimated and additionally the motor data of the manufacturers are problemati-
cally. The auxilliary ramp in dS21 and dS22 is reasonable for this.

Resolution mode dS21 max. dS22
4000 rpm 1/12 rated speed 1s
8000 rpm 1/12 rated speed 2s
16000 rpm 1/12 rated speed 4s
32000 rpm 1/12 rated speed 8s

Leakage inductance:

Measurement of the leakage inductance can lead to wrong values, if the inductance of the motor has a
pronounced current dependence. The current has a ,bell-shaped® curve at setting of sine-wave voltage.
This can often be observed at spindle motors. It can be seen in COMBIVIS to what extend the motor to
put into operation is affected. This is possible during the rotor resistance measurement with parameter
ru87. Depending on the deviation of the current from the sine form the inductance is reduced to 85..70%
of the identified value.

Check current controller adjustments:

A correction of the current controller adjustment is eventually necessary if the identified leakage induct-
ance (dS07) is < 1.4mH:

dS00 = dS00_def*1.0...1.5
dS01 =dS01_def*1.5...2
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Control to model currents (dS18 = 8):

Control to model currents (dS18 bit 3 = value 8) has the advantage that disturbances of the measured cur-
rents enter filtered to the motor model and thus the calculated model current and the current control are
smoother. The disadvantage is in the danger that the drive could change to OC when there is a difference
between measured and calculated current. Thus pay special attention to the identification of the equivalent
circuit data.

Observer motor model (dS18 = 16):
The observer (dS18 bit 4 = value 16) adjusts the model currents dependent on the measured currents by the
adjusted factor in parameter dS23 ,observer factor".

Square-law load torque characteristic:

If the drive shall be accelerated at torque limit, it is mandatory necessary that the max. breakdown torque is
not exceeded. Parameter (dS03 Bit1 = value 2) must be activated and the breakdown torque at DASM field
weakenening speed (dr18) must be entered in parameter dr16 (DASM max. torque corner speed). The DASM
field weakening speed (dr18) should be set to the DASM rated current (dr01). If the breakdown torque should
not be arise from the data sheet, the breakdown torque must be calculated from the equivalent circuit data.

Rough formula : Mk = 2.0 * Mn

Mk = DASM max. torque corner speed (dr16)
Mn = DASM rated torque (dr14)

Switching off the dead time compensation at high output frequencies:

The dead time compensation is mandatory required up to 200 Hz, above 200 Hz it should be switched off. For
this a digital software output e.g. for (do04 = ,27: actual value > level”) level (LEO4 = 12000 rpm (ppz=1)) with
hysterese LE12 = 500 rpm and input function uF21 ,dead time compensation off* = 256 must be assigned to
the corresponding software input. With uF25 you can define a time where the dead time is soft switched off.

Load rejection of the current controller at dynamic procedures:
In order to unload the current controller at high output frequencies there are two possibilities:

a) Activate Pt1 element after the speed controller

After the PI speed controller, a PT1 element can be activated via parameter cS29. A PT1 time of 2...8ms is
recommended. Parameter cS29 is considered in the calculation for the controller parameters of the speed
controller via the mass moment of inertia.

b) Ramp time and s-curve at deceleration

Resolution mode Min. oP30...0P31 / Min. oP34...0P35
4000 rpm 0.05s

8000 rpm 01s

16000 rpm 0.15s

32000 rpm 0.25s
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11.2.2.8

Maximum current limiting and design of the inverter:
A max. current can be preset in dr37 in order to protect the inverter against overcurrent errors. Additionally
parameter dS03 Bit0 =1: max. current mode on must be set.

The distance to OC level is depending on:

» Current ripple dependent on the switching frequency (ft) and leakage inductance (Ls). A calculation of
this part is possible, but very extensive.
Rough formula : | Ripple = 46.4/ft/Ls * kHz * mH *A (Ls in mH / ft in kHz)

» overshoot of the current controller, approx. 10% of the selected maximum current.

+ the ,300HZz" reload voltage ripple (at 50Hz mains frequency) in the DC link. This serves for a superim-
posed current oscillation in the output frequency (output freq. - 300Hz). This part is depending on many
factors (size of DC capacitors (C), line supply impedance, leakage inductance of the motor (LS), active
power (Pw).

Rough formula : IRippel_dc =Pw?/C/Ls * 105 * yF * mH / kW?(Pw in kW /Ls in mH / C in uF

Additional distance to the OC level up to 15% can be reached by using an input choke.

ASCL / low speed operation

The operation at small speed is a critical range which should be passed very quickly.
The size of this range cannot be indicated universally valid. It is strongly dependent on the used motors.
The usable speed range for standard-asynchronous motors is approx.:

Power mot. operation gen. operation
2.2 kW 1:50 1:20
85 kW 1:100 1:50

Start-/ stop ramp for low speed (dS21 / dS22)

In order to leave the critical range of small speed at starting and stopping there is an additional ramp for this
range.

The ramp is defined by parameter dS21 ,startup speed” and dS22 ,startup time®.

Parameter dS21 indicates the speed range for which the start ramp applies. dS.22 indicates the accelera-
tion-/ deceleration time.

Ramp output display
”{92 Example:

Ud02 =4 (4000 rpm - mode)
dS21 =200 rpm
dS22 =0.2s

ds21 =
200 rpm

dS22 = 0.2s time [t]

Figure 11.9 ASCL at low speed
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ASCL model deactivation during deceleration (dS19, dS20)

If the drive is to be stopped, the critical range of low frequencies must be passed again.

The additional problem of the drive not stopping completely, but instead running permanently at a low fre-
quency with a very high current occurs here, leading to a miscalculation of the speed.

Under the following conditions, therefore, the mode is switched from vector controlled to current regulated,
frequency controlled operation:

+ drive decelerates
+ - the estimated output frequency is smaller than dS19 (,limit uf-contr. dec ASCL")

The drive then shows the following behaviour:
+ the output frequency is ramped down according to the adjusted deceleration ramp
+ the current is kept constant starting from the switching time

Parameter dS19 is loaded with a default value by the identification or Fr10 ,load mot.dependent para.”.
Should problems still occur during deceleration, the value for dS19 can be increased.

If the drive is stopped by switching off the rotation direction release, the modulation is switched off after reach-
ing output frequency 0.

If the drive is stopped by setting the setpoint to 0, the current is reduced to the magnetising current after
reaching the output frequency = 0.

At this point, the real speed of the motor is not yet 0 in some cases. Therefore, the time for which the higher
constant current is set can be increased with parameter dS20 ,delay time uf-contrl.".

dS19: Limit uf-control deceler-
ation
=> Switching to the frequency
controlled range dS20: ASCL
model switch-off

|
7 current follow-up time |
! < >
apparent durrent (ru15) ! delay current

X
=

[

[

!

speed (u07) |
| |

| |
[

[

[

Frequency (ru03)

|
|
|
! time
|
|
|
|

actual torque (ru12)

Figure 11.10  ASCL model deactivation during deceleration

The torque display (ru12) is invalid after change-over to frequency controlled operation!
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11.2.2.9

ASCL / reversing

If one wants to run the drive through zero speed without stopping to change (reverse) the direction of rotation,
switching to the frequency controlled mode can be disruptive.

Therefore, this switching can be deactivated by setting bit 2 in parameter "function mode" (dS.18).

dS18: function mode
Bit | Meaning Value Explanation
2 model switch- | O: activated Deactivate switching to the frequency driven, current-controlled
off 4: deactivated | operation

To utilise the open-loop mode for stopping, but, on the other hand, avoid negative effects during reversal, the
inverter must be programmed by way that stopping of the motor always follows in the same set.

Then, one can let the switch to the open-loop mode be activated for this set (stop-set) (dS18 = 0) and avoid
interfering effects during reversal for other sets with dS.= dS18 4.

The, it is only necessary to ascertain that the range of low frequencies is traversed quickly.

This can be achieved by suitable adjustment of parameter "startup time" (dS22) and parameter "startup
speed" (dS21), which apply to acceleration as well as deceleration.

ASCL / constant run with low speeds

Speed setpoints lying within the critical range must be avoided.

To avoid continuous operation in low frequency range, the minimum setpoint (0P06 / oP07) should be set to
speeds outside the critical range.

Alternatively, too small setpoints may also be masked by parameter oP65...0P68 (prohibited setpoints).

Switch to consecutive motor

If the motor still rotates when switching the modulation (e.g. "coast down" after malfunction) the calculation of
the actual speed can become unstable due to the motor model.

If there is the risk that the motor has not reached speed 0 for the start, there are two alternative starting
methods:

Speed search condition (Pn26) or DC braking mode (Pn28 / Pn33)

During speed search, the drive attempts to determine the current speed via its mathematical model. The
operation corresponding to the setpoint settings is re-established starting at this speed. This type of switch-in
can be used for many standard motors.

For some motors or applications, e.g. for spindles, application of the speed search will be unsuccessful. In
these cases, speed is calculated incorrectly, the drive can vibrate, or the inverter can malfunction.

In these cases, the motor must be stopped by DC braking before the drive can be restarted. During DC brak-
ing, a DC voltage is connected to the motor’s clamps. The small braking torque while the motor is still running
at high speed is a disadvantage.

For more (appropriate parameters, settings, etc.) see chapter 18.6 speed search and 20.1 DC braking, re-
spectively.
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11.2.2.10 function mode

Some auxilliary functions can be activated via parameter dS18. Value 4 is an exception: Model deactivation
(see "ASCL model deactivation during deceleration" / subsection "reversal").

dS18: function mode

Bit | Meaning Value Explanation
0 |reserved
1 stator resistance / 0: off activates setpoint tracing of the stator resistance, which may
adaption 2:0n change during operation due to temperature effects
0: activated | Switching in the frequency controlled, current regulated oper-
2 | model switch-off 4: deactivat- | ation during stopping

ed

0: measured | Selection of the actual value source of the current controller:

3 | Current control 8: calculated | 0: measured current 8: current calculated from the model

4 observer hs model ?:6?:; Activation of an observer for high frequency applications
5 |reserved
6 Voltage output for HF | 0: off Activation of a faster voltage output. Only important for high
applications 64: on frequency applications
7 | deviation control : Ol_cf Activation of the deviation controller
128: on
8 |reserved
0: off Estimation limit off
9 . .| B512: Estimation limit depending on the speed setpoint
10 | Estimated value fimit | 455, Estimation limit via oP14/0P15 to zero
1536: reserved
11 | isdg mean value filter gozg on Activation of a software filter in the current measuring system

stator resistance / adaption

The stator resistance can stabilise the model at low output frequencies, particularly in regenerative operation
. At low motor rating, the effect of the stator resistance in this range is quite large. Due to the motor warming,
changes of up to 40% compared to the resistance calibrated in the cold state are possible. The stator resist-
ance adaption can compensate for this change. Under certain operating conditions, (e.g. high dynamic) the
adaption diminishes the operational performance of the drive. Therefore, this function should only be activat-
ed when problems with breaking and stopping may occur for motors with small power (< 5 kW).

Current control by measured / calculated currents

For the current control, either the measured currents or those calculated from the model can be used as ac-
tual values. As a standard, the measured currents are used for control since only this assures direct control
over the real currents.

Using the calculated currents is advantageous only in high frequency applications: The delay (detection of the
actual current until the output of the voltages as response to the current measurement) is noticeable in these
applications. For control based on calculated current, this time is minimised.

Observer /| motor model, observer effect / motor model

The observer causes an equalisation between the measured currents and the currents calculated from the
motor model. This is useful for some high frequency applications. The reciprocal of amplification of the ob-
server is defined with parameter ,observer factor” (dS23).

138

COMBIVERT G6 © KEB, 2019-03




Motor Data and Controller Setting of the Asynchronous Motor E

11.2.2.11

11.2.3

Voltage output for HF applications
At high output frequencies, the voltage vector must be calculated and output in a shorter time pattern. This is
possible only at 8 kHz and 16 kHz. Important for high frequency applications

Deviation control

The deviation controller becomes only active if the current control (bit 03 = value 8) is active. The deviation
controller adjusts the estimated currents to the measured currents. The deviation controller should always
be activated if the current control is active in order to reach a better control characteristic. The influence of
the controller can be adjusted with parameter dS27 ,deviation control time". The lower the time is adjusted in
dS27, the nearer it is controlled to the measured currents.

Estimated value limit

Depending on the speed setpoint (Bit 9: 512)

Depending on the setpoint, the limit for the negative direction is limited to O rpm. Reversal is possible, be-
cause the old direction of rotation is only blocked when the actual value has reached O rpm.

via oP14 / oP15 to zero (Bit 10: 1024)
The estimated controller output is blocked if a value of O rpm is entered in oP14 (abs. max. reference forward)
or oP15 (abs. max. reference reverse). The estimated controller output is also blocked at ,speed search”.

isdq mean value filter
The isdg mean value filter is a software filter for the current measurement system. For motors with low induct-
ance (<1mH), it is reasonable to activate this filter.

Speed estimate controller (dS14, dS15) and speed smoothing (dS17)

The KP (dS14) and Kl (dS15) of the speed calculation controller are automatically calculated during the iden-
tification of the motor parameters and may not be changed.

Only parameter dS17 ,speed PT1 time ASCL" can be adapted to the respective application. A higher PT1
time (up to 32ms for large motors) in non-dynamic applications leads to a steadier calculated speed, with-
out degradation of the control characteristics of the drive. A lower speed frequently permits a more dynamic
setting of the speed control parameters. If parameter dS17 "speed PT1 time ASCL" is changed, a previously
conducted adaption of the speed controller must be checked.

If the automatic calculation of the speed controller parameters (parameter cS26 optimisation) is used, it must
be reactivated.

Special function: Rotor adaption

In speed control with speed feedback, the motor model can be used to adapt the rotor time constant. The
rotor time constant is dependent on the rotor resistance, among others. Due to the temperature change of the
motor rotor, the rotor resistance can change significantly compared to the identified value. This also changes
the rotor time constant. This change leads to a less accurate torque display and an inferior performance of
the drive.

The rotor adaption compensates for the temperature deviations of the resistance. It is activated with bit 1 in
parameter dS04 ,flux/rotor adaption mode*.
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dS04: flux/rotor adaption mode

16: off, max 100%
24:0n, max. 100%

Bit Meaning Value Explanation
0 Motor model (ASM) (1) g]: Activation of the motor model
1 Rotor adaption (ASM) g g];f Activation of the rotor adaption
5 Rotor adaption/ store 0: no Storage of the last rotor adaption value obtained
(ASM) 4: yes during operation
0: off, max. 110%
3 Maximum voltage controller 8: on, max. 110% | see chapter: Torque display and limiting, section:

Maximum voltage controller, voltage limit

0: off
32:0n

see section: Generally adjustments for operation

5...6 | Flux controller (ASM) 64: on, n3/dr173 :
) with motor model
96: on, start and
n3/dr173
7 Wait for magnetisation 0: off see section: Generally adjustments for operation
128: on with motor model
8 Energy saving function 0: off i
(ASM) 256: on
: 0: off
9 Mode always active (ASM) 512 on -

Bit 2 = value 4 determines whether the drive stores the rotor adaption value on modulation switch-off. If
memory ist activated (memory: yes), the inverter starts with the last value obtained during operation after re-
activation of the modulation. If memory ist deactivated (memory: no) the inverter starts with the value 100%.
After "net on" the inverter always starts with the value 100%.

The state of the rotor adaption can be read in parameter ru59 ,factor rotor adaption”: 100% means that the
drive is working with the identified values. Values unequal 100% mean that the actual rotor resistance is =
ru59 * dr08 (TPIM rotor resistance).
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Block diagram

11.24

uopisod [e21}09] 8Jnjosqe [enjoe

(ps!) Juaund uonesnaubew

abejjon DQ [enjoy

(bst) Juaino aaoe

(lopow

Jojow jo paads |enjoe) Aejdsip anjea [enjoe
Aeidsip Aouanbauy [enjoe

(yuiodjes paads) Aejdsip Jndino dwel

0¥°3
/8M
gLn
]
0M
con
zZon

weibelp yoo|q pusba

.| uonewuoysues

0¥o3

uone|noes dis

|opow bsi

pue uondepe-i]

‘lopou J0Jo|N

|opow psi

Zin

V> soeqpesy
juaind ay}

180

M HOA

jun Jamod

AYOA

N3oA

uonesuadwod
awipeap pue
uolnjewlojsuels)

»| 10 uonosjes

psn

U | \

19]|0J3u02 psi

bsn

\

ni
€0 v Bau psi
R o ; Bou bsi
Buiuayeam pjay
pue Jsjj0uod oS Jw
abejjon wnwixep A— ! !
®
Al_’ L Jou psi A
Buid < 13]|0u02-XnN|4
-noogap pue [*
|o1uod8id hd
le—
8L Lon
Burywi
anbuo} pue 0 4
b8, Jajjon “zond
-uoo paadg

19]|043u09 bs|

Block diagram ASCL

Figure 11.11

141 |

COMBIVERT G6 |

© KEB, 2019-03 |




Motor Data and Controller Setting of the Asynchronous Motor
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12.

12.1

12.1.1

Adjustments of the Synchronous Motor

Speed-controlled operation without encoder feedback

Speed-controlled operation of synchronous motors without encoder feedback SCL (sensorless closed loop)
is only possible if the electrical characteristic data of the motor are known. The rotor position is emulated by
means of a mathematical model of the synchronous motor. Speed control is based on a speed calculated
from the rotor position rather than on the encoder feedback.

A frequency inverter with the appropriate hardware and G6P software is required for operating mode SCL.

Initial settings
The following settings are always necessary in speed-controlled operation:

Motor name plate
Input of the motor rating plate data is at the beginning of each start-up:

- dr23 DSM rated current

- dr24 DSM rated speed

- dr25 DSM rated frequency

- dr27 DSM rated torque

- dr28 DSM curr. f. zero speed

The following equivalent circuit data can be taken from the motor data sheet.

Identification of the data offers a high accuracy and acquires the additional line resistance. The identification
can be executed as described in chapter 12.2.2 (SCL).

- dr26 DSM EMF [Vpk*1000RPM]

- dr30 DSM stator resistance
- dr31 DSM inductance
- dr64 DSM winding inductance Luv maximum value

Beside the minimal value in dr31 also the max. value in dr64 can be preset for SCL. These parameters are
also preset by the identification of the winding inductance. Servo motor manufacturers indicate the lower
value of the inductance Luv. This value must be entered in dr31.

DSM EMF voltage constant (dr26, dr63)

EMF is the induced voltage in no-load operation and must be entered as peak value (phase-phase) referring
to 1000 rpm.

dr26 = EMFeff x \ 2

ﬂ Parameter dr26 is only considered if parameter dr63 has value 0.
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No decimal places can be entered for the EMF in parameter dr26.

The maximum permissible speed which is displayed in ru79 (abs. speed [EMF]) is also calculated from the

EMF. The maximum DC link voltage, UZKmax, can be found in the power circuit manual.

Max. UDC, , x 1000 rpm

ru79 =

DSM current for zero speed (dr28)
The current for zero speed affects the electronic motor protection function (see chapter 18).

121.2 speed control configuration
Parameter cS00 must be set to value 4 ,speed control“ for closed-loop operation.
¢S00: speed control configuration
Bit Description Value Function
4: speed control (description see chapter 13)
0...2 | control mode 5: torque control o
(description see chapter 15)
6: torque/ speed
121.3 act. source

The actual source for the speed control must be selected in parameter cS01.
Parameter cS01 must be set to value 2 (calculated actual value) for the operation with SCL

¢S01: act. source
Bit Description Value Function
0: reserved
1: channel 2 Control to encoder interface 2
0...1 | act. source :
2: calculated actual value | Control to estimated speed
3: reserved
] ) 0: off . . .
2 System inversion 4 Activates the system inversion
:on

With activation of the system inversion it is reached that the motor with selected rotation direction "forward"
(e.g. by setpoint- or rotation setting) has the physically direction "reverse" respectively at setting "reverse" the

physical rotation "forward". Precondition is a correct wiring of motor.
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121.4 Motor adaption

Fr10 = 2 (for some applications Fr10 = 1 (explanation see below) must be entered once after input of the
motor data.
The parameter can only be written in state ,no operation!

Fr10: motor adaption

Value Function

0: done Calculation is completed

1: uF09 (G6L/P) Calculation depending on uFQ9 or voltage class
2: act. DC link voltage (G6L/P) | Calculation depending on act. DC link voltage

The calculation at Fr10 = 1 is depending on the voltage entered in parameter uF09 ,voltage stabilisation®. If
this parameter displays "off" (standard adjustment), then the voltage class of the frequency inverter (400V or
230V) is used.

The actual DC link voltage of the inverter, which is proportional to the mains input voltage, is considered for
the calculations at Fr10 = 2. However this only applies if uF09 is set to ,off". Thus the following parameter are
pre-charged dependent on the motor and inverter data:

Current controller

- dS00 KP current

- dSo01 Kl current

Torque limits:

- ¢S19 abs. torque ref

- ¢S06...cS12 torque limit rev. gen.

- Pn61 quick stop torque limit
- dr33 DSM max. torque

Motor type (only at SCL):

- nn01 stabilisation current

- nn02 min. speed for current
- nn03 max. speed for current
- nn10 standstill current

- nn11 stabilisation time
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12.2

12.2.1

12.2.2

Speed-controlled operation without encoder feedback (SCL)

With this software the speed of the motor can be calculated by the measured currents and the motor data (by
means of a model). This calculated speed can be used as feedback for the speed controller. The necessary
motor data for the model can be identified by the KEB COMBIVERT itselfs. Static operation with small fre-
quencies must be avoided, because the model can become unstable. The usable frequency range is approx.
1:100. At setpoint speed 0, the speed control is deactivated and the motor is aligned using a predefined DC
current.

Initial settings for sensorless operation
The following adjustments are default values and must not be adjusted:

- The speed control configuration cS00 must be set to value ,4: speed control®.

- The actual source cS01 must be set to value ,2: calculated actual value®.

- The brake handling Pn34 must be activated (default value = 2: brake control without display)
- The motor model nn00 must be set to value ,191“.

Identification of the motor data

The required equivalent circuit data for the motor model can be determined by the KEB COMBIVERT itself.
First, the motor data must be entered according chapter 12.1 and the motor adaption must be executed.

There are two possibilities to start the identification:

- Writing of parameter dr48 in inverter state ,stop (LS)", measurement is starting automatically.

- Writing of parameter dr48 in inverter state ,no control release (no operation)® with subsequently control
release

Parameter dr48 cannot be written in other operating conditions.

The measured values can be invalid in case of strong overdimensioning of the inverter. The rated current of
the motor should be at least 1/3 of the maximum short time current limit. The short time current limit is de-
termined by the overload characteristics and can be taken from the power circuit manual or parameter In18
(hardw. curr. inverter).

"forward"!

ﬂ The direction of rotation during identification of the EMF (except for system inversion) is always

Value 82 ,calculate drive data“ is output in inverter state ru00 during the measurement. After successful
measurement parameter ru00 displays 127 ,calc. drive data ready”.

If the measurement is interrupted with an error, ru00 displays 60 ,ERROR calc. drive data". No correct opera-
tion can be ensured in case of interruption.

The actual state of the identification is displayed in parameter dr62 "state motor ident.". The control release
must be switched off in order to leave the identification mode. Parameter dr48 must be written again in order
to start a new measurement.

For safety reasons the output signal "brake release" is not set during measurement, since the motor cannot
generate a defined torque in this time.

Since the identification in auto mode is very reliable and for the user the most pleasant method it is recom-
mended to use it generally (according to chapter 12.2).
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dr48: motor identification

Bit Description

Val

ue

Function

0:

off

1:

calc head-ind. Lh / EMF*

Calculation of the EMF from motor data

Measurement of the winding inductance re-

2: inductance Ls/L* :

spectively
3: stator resistance Rs* Stator resistance

L N Calculation of the current controller from

5: init model/curr.reg. ; o

equivalent circuit data

T . -

6: EMF move* Attention: requires motor rotation!

EMF measurement

7: auto ident without move

Start of the automatic measurement without
EMF

Attention: requires motor rotation!

192: 15.625Hz

224:7.8125Hz

8: auto ident with move Start of the automatic measurement with EMF
9: reserved
10: deadtime ident 4 kHz * Measurement of dead time compensation
0..4 | Measurement | 14. yeadtime ident 8 kHz * characteristics for different switching frequen-

12: reserved cies
13: reserved
14: reserved
15: torque ident 4 kHz Detection of the no-load torque at different
16: torque ident 8 kHz switching frequencies. During operation this
17: reserved torque is subtracted from torque display ru12.
18: reserved
19: current offset ident \E/)etectlon of the current offset in phase U and
20: Usd Step Energizes the motor with 4 pulses

. . As value 6, unless the magnetizing current is
21 head-ind. Lh flux adpt. not static but it is calculated adaptively

. . As value 8, unless the magnetizing current is
22: autoident w.m. f. adpt, not static but it is calculated adaptively.
0: 1000Hz
32: 500Hz
64: 250Hz The measuring frequency is changed indepen-
96: 125Hz dently during measurement.

5...7 | Frequency

128: 62.5Hz
160: 31.25Hz Therefore, leave the value at 0: keep 1000Hz!

*at dr48 = 8 auto iden

ification
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12.2.3 Auto identification

The auto identification can be carried out with move (dr48 = 8) or without move (dr48 = 7) (see table dr48).
The measurement of the dead time compensation characteristics as well as stator resistance and leakage
inductance occurs during standstill.

For the identification of the EMF it is necessary to accelerate the motor onto 60% of its rated speed. An ad-
ditional ramp of dr49 ,motor identification ramp time* is effective for this case. The calculation of the ramp can
be taken from chapter 10.

For large synchronous motors, it leads to significant mechanical vibration and thus to noise development
during measurement of the leakage inductance with motor rated current. Here it is reasonable to reduce the
measuring current to 10..30% of the rated current.
The measured inductance is depending on the current level (saturation effects)!
The same function as for inductance is used for the current offset detection. Thus the parameter also has
influence here on the current level.

dr67: current for Ls/loff iden
Value range Function
o Determination of the current limit for the identification of leakage inductance and
10...250%
current offset

The speed controller should be parameterized with small Kp-, Ki values before the motor can be acceler-
ated. The speed controller can be preset optimally if the motor mass-moment of inertia is known (see chapter
13.1.2).
Depending on the used motor the identification takes some minutes!

Auto identification cannot be executed if a sine-wave filter is connected!

12.2.4 Single identification
As far as possible single identifications should not be used for the first measurement of the motor adaption,
since invalid test reading can occur at false sequence of the identifications.
Single identification can always be used if a complete automatic measurement was executed and only in-
dividual parameters shall be identified. For example this can be a resistance measurement at operating
temperature.
Default setting of the current controller parameters and EMF (dr48 = 1)
The EMF can be approximately calculated from the entered motor data like rated current and rated torque.
dr48 = 1 ,calculation of the EMF* must be written for it.
M. x90
EMC = |
The current controller values are also roughly preset.
Winding inductance (dr48 = 2)
Measurement of dr31 ,winding inductance" occurs with a high-frequency AC current in standstill. The meas-
urement is started with dr48 = 2. Measurement current is DSM rated current dr23. The frequency of the meas-
uring signal is adjustable via bit 5...7 in parameter dr48. If the measurement current cannot be reached with
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1kHz, then the identification reduces the measuring frequency automatically. Therefore the frequency value
should not be changed. The inductance value is automatically written in dr31 after identification.

Stator resistance (dr48 = 3)
The measurement of the resistance occurs with DC current in the phase U to V.
The measurement is started with dr48 = 3. The resistance value is entered in dr30 at successful identification.

Controller parameter (dr48 = 5)

The current controller parameters are calculated from the pre-identified equivalent circuit data with the adjust-
ment of dr48 = 5. Is not identifed in the automatic mode if this calculation should occur before the identification
of the EMF.

EMF move (dr48 = 6)

The drive accelerates upto 60% of its rated speed for the identification of the EMF. The ramp of dr49 (ident.
acc/dec time) is used for the acceleration. The general speed limits of the oP parameters are valid! (see chap-
ter 10 setpoint setting). This measurement is only possible if the EMF adaptation is activated in parameter
nn00 (motor model adjustment) (default setting!)

If the identification is successful executed the value is written in dr26 (DSM EMF peak value) and additionally
in dr63 (DSM EMF HR).

Parameter dr63 has a higher resolution and is suitable for applications with high frequencies.

Deadtime ident. (dr48 = 10, 11)

The deadtime identification works only as single identification if the stator resistance is correct entered/identi-
fied. The measured deadtime values can be read out via In39 ,deadtime selector and In40 ,deadtime.

The measured deadtime compensation characteristics are effective during operation, if uF18 "deadtime
comp. mode" is adjusted to value 3: "auto. ident". The characteristics are not cleared by FrO1 ,load default
set”.

Torque ident. (dr48 = 15, 16)

This should be executed only if the application really requires increased torque accuracy. The displayed re-
sidual torque in ru12 (actual torque) is subtracted during operation, so that the real shaft torque is displayed.
This residual torque is partly caused by switching frequency-dependent losses in the inverter and also by
means of friction losses.

The torque offset of the complete drive for the different switching frequencies is measured by dr48 = 15, 16.
Thereby the drive accelerates in 16 steps with the adjusted ramp in dr49 to maximum 1.3-fold synchronous
speed. The general speed limits from the oP parameters are effective.

The measured residual torque is stored and interpolated as correction characteristic.

The torque offset characteristic can be read out with parameters dr58 ,torque offset selector” and dr59 ,torque
offset”.

The characteristics are cleared by FrO1 ,load default* with value -4 and also with Fr10 ,Jload mot.dependent
para.“.

Current offset ident. (dr48 = 19)

The current offset is caused by tolerances of the components in the test circuit and as standard automatically
synchronized in non-energized state (inverter state "noP"). Caused by current-dependent tolerances in the
current detection it is necessary for some applications that the synchronization is done in energized state.
For this adjust 19 in parameter dr48, so the inverter outputs a high-frequency AC current. The rated current
of the motor is injected with a starting frequency of 1kHz. The frequency is automatically reduced if this is not
possible.

Furthermore the automatic measurement is deactivated when the modulation is switched off, so the identified
offset remains permanently.

Voltage pulse (dr48 = 20)
A preset voltage step by dr31 energizes the motor with 4 pulses with this function. A step response can be
recorded with the COMBIVIS scope. The appropriate resonances can be identified from this step response.
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EMF (SM) / autoidentification w.m. f. adpt.! (drd48 = 21, 22)

Values 21 and 22 should only be used from a motor size of about 11 kW. Values 21 and 22 are used for the
optimisation of the magnetization current for the entered rated motor data.

ﬂ It is recommended to change current offset values only in compliance with KEB.

12.2.4.1 Deadtime compensation (uF18)
The drive has also measured the dead time compensation characteristic during automatic identification. This
calibrated characteristic should be activated for the control with motor model by the setting "dead time com-
pensation mode" (UF18) = 3 ,automatic". Alternatively also value 2 can be selected.
uF18: dead time comp. mode
Value Function
0: off Deactivates the dead time compensation
1: reserved
2: e-function Only required for special applications
. . Activation of the identified characteristic. Shall always be used at control of
3: automatically .
synchronous motors with motor model
The dead time compensation can be switched off via a digital input. The digital input is selected with param-
eter uF21. This disconnection is only required for special applications with high frequency.
12.2.4.2 Motor identification error state dr66
See chapter 11.2.2.2 Motor identification error state dr66.
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12.2.5 Standstill and starting phase

It must be secured that the rotor is in a defined position after switching on of the control release ST. Therefore
a DC current is injected at standstill. Then the rotor rotates into its origin position.

The standstill current is ¥z of the rated current and can be adapted in parameter nn10 in default setting after
operation of Fr10.

The times (Pn35 and Pn36) of the brake handling are active for standstill operation. In order that the rotor
does not vibrate after setting the control release, the current reaches the setpoint value in a half of the time
adjusted in Pn35 "premagenetizing time" (see figure 12.1).

The half current-dependent load torque is acceptable as mechanical load (e.g. V4 of the rated torque at % of
rated current at standstill).

Current [A] Speed [rpm]
12 200
- 180
10 A
standstill current r 160
nn10 -0 + "
i - 140
8 stabilisation R out
. . amp outpu |
N0t poo-oee s e O RERE . current 102 1240
6 : - 100
: - 80
4 7 5
! - 60
: " 40
2 :
: - 20
0 p — — 0
%Pn35  ¥%Pn35 Pn36 nn02 nn03
) Pn35
Figure 12.1 Standstill and starting phase

Speed search
The rotor rotates at some applications when the modulation is switched on. The current speed can be deter-
mined with Pn26 ,speed search condition” (for details, see Chapter 18.6).

Additional start ramp
In order to leave the critical range of small speed at starting and stopping there is an additional ramp for this
range.
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The ramp is defined by parameter nn08 "startup speed" which indicates the speed range and parameter nn09
,startup time" which indicates the appropriate acceleration-/ deceleration time (see figure 12.2).

Speed / rpm
160

140 -

120

100 Ramp output

80 remeere s :
60 |
40 |

20 -

I 1
0 0.25 0.5 0.75 1 1.25 1.5
[tlins

Figure 12.2 Auxiliary ramp

Example:

Ud02 = 8: G6P / 4000 rpm
nn08 = 80rpm
nn09 = 6.25s

Open loop operation/ start ramp

The open loop operation is activated with bit 9 in parameter nn00 "motor model select" and is only active dur-
ing the start ramp. Condition: start ramp is parameterized.

The current of nn01 ,stabilisation current” must be regarded as maximum active current. The current ramp of
nn02 and nn03 must be parametrized by such way (see chapter 12.2.5) that the lowering of current (nn03) is
upside the deactivation of the open-loop operation (nn03 > nn08).
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12.2.6 Low speed

The critical speed range (typically below 1% of the rated speed) is stabilized by reactive current. This current
adjustable in nn01 "stabilisation current” is linear reduced depending on the actual speed in ru07 from speed
nn02 "min speed for current" to nn03 "max. speed for current".

Current /A Speed / rpm
12 200
L 180
10 |
standstill current - 160
nn10 |-------
L 140
8
stabilisation current
nn01 |- o - 120
6 - Ramp output L 100
ru02
L 80
4
L 60
L 40
2
L 20
0 0
nn02 nn03
Figure 12.3 Low speed

It is necessary to adapt the current or the ramp if there are vibrations during steady state.
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12.2.7 Motor model
The motor model calculates an estimated speed from the motor data and the actual values of voltage and
current. Then this speed is admitted to the speed controller. The calculated model currents can be used also
for current control.
nn00: motor model select
Bit Description Value Function
i 0: off
0 Stan_d_stnl_ current and Activation of nn01 and nn10
stabilisation current 1:On*
o 0: off -
1 model stabilisation 2 on* Stabilizes the motor model
: On
2 stator resistance / 0: off Adapts the stator resistance at low speed
adaption 4:0n* P p
0: reserved
3 speed source . -
8: Model * Speed control with spreed estimation
0: off
4 high speed model 16-On * Activates the high-speed model for upper speed
0: off . .
5 observer hs model 32-On * Becomes noticeable at high speeds
0: measured cur-
) rents*
6 current control with Current control to model currents
64: current
control
. 0: off
7 EMF adaption Adapts the EMC at upper speed
128: On~*
0: reserved
8 reserved
256: reserved
0: Off * _ .
9 open loop start 512 Switching off the model during start ramp
Jan
. 0: Off * Activates the harmonic absorber for the operation with
10 band-stop filter . :
1024: On * sine-wave filter
- 0: Off -
11 deviation control Deviation of model currents to measured currents
2048: an
0: Off *
12 Volt.:-_lge_output for HF Activates double voltage output
applications 4096: an
0: reserved
13 reserved
8192: reserved
C 0: reserved Can determine the rotor position continuously at low
14 HF injection
16348: reserved | speed.
* Default values
Stabilisation and standstill current (nn01, nn10)
The currents nn01 ,stabilisation current” and nn10 ,standstill current” can be switched off with bit 0 of nn00.
The starting phase with activated currents runs more steady so that this adjustment should not be changed!
If the rated motor current is higher than the rated inverter current the values are limited (after loading Fr10)
to %2 of the HSR current In18.
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Stator resistance / adaption

The stator resistance changing by temperature influences can affect the behavior at low speed as well as the
start. The RS adaptation adjusts the stator resistance and stabilizes the motor model therefore.

The I-part of the adaptation can be adjusted with nn06 ,rs adaption factor®. The rs adaption becomes active
at ru17 ,active current* > nn01.

EMF adaption

The EMF changing by load and temperature influences is adjusted at higher speed.

The adaption becomes active at actual speed ru07 > V4 of the rated speed dr24 and improves the accuracy
of the actual torque display ru12.

Observer

The observer amplifies the influence of the measured currents in the model. The most effects become notice-
able in the upper speed range.

The value must be increased if current oscillations occur at e.g. applications with high frequency.

The observer factor can be adjusted with nn07 "observer factor".

Speed estimation

The speed estimate controller is calculated by writing on Fr10 and cannot be changed. The speed estimate
controller estimates a speed from the currents of the motor model. Parameter nn04 ,time speed calculation”
determines the scan time of the speed estimate controller. This time should not be changed.

Parameter nn05 ,filter speed calculation“ determines the smoothing time at the output of the controller. Oscil-
lations are reduced when the value is increased, but the drive becomes more non-dynamic.

At special applications the drive has to rotate only into oneway direction. The respective direction of rotation
can be locked with oP40 / oP41 "max. output val. for/rev" by writing the parameter value to "0" and thus the
speed calc. is limited. To limit the speed estimate controller see also chapter 11.2.2.11.

The general speed control settings can be adjusted according to chapter 13 "Speed control”.
Diagram of the controller structure for operation without encoder feedback, see chapter 12.3.
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12.2.8

12.2.9

Function mode

dS18: function mode

Bit | Meaning Value Explanation
0: off Estimation limit off
9 . . .| B512: Estimation limit depending on the speed setpoint
10 | Estimated value fimit | 455, Estimation limit via oP14/0P15 to zero
1536: reserved
11 | isdg mean value filter gozg on Activation of a software filter in the current measuring system

Estimated value limit

depending on the speed setpoint (Bit 9: 512)

Depending on the setpoint, the limit for the negative direction is limited to O rpm. Reversal is possible, be-
cause the old direction of rotation is only blocked when the actual value has reached 0 rpm.

via oP14 / oP15 to zero (Bit 10: 1024)
The estimated controller output is blocked if a value of O rpm is entered in oP14 or oP15. The estimated con-
troller output is also blocked at ,speed search®.

isdq mean value filter
The isdg mean value filter is a software filter for the current measurement system. For motors with low induct-
ance (<1mH), it is reasonable to activate this filter.

Operation with sine-wave filter

For the operation with sine-wave filter it is necessary to filter the resonance frequency with a band-stop filter.
The resonance frequency of the sine-wave filter and the corresponding filter parameters can be determined with
the tool sine-wave filter exe (www.keb.de). The equivalent circuit data of the motor and sine-wave filter must be
entered in order to generate a parameter list. Then this parameter list must be loaded to the inverter. The filter
parameters are stored in the fh parameter group.

The resonance frequency is filtered of the estimated currents with software filter, in order that there is no reaction.
The band-stop filter must be activated in nn00 "motor model select" bit 10 (band-stop filter). Also it must be con-
trolled to the estimated currents nn0O0 bit 6 (current control). The deviation controller should be switched on with
bit 11 of nn00 in order to avoid possible effects on wrong estimation. The deviation controller adjusts the estimated
currents to the measured currents with the scan time of nn12 ,deviation control time". This time can be increased
in case of current oscillations.

The inverter current is mostly higher than the motor current because there is a current through the capacitor
of the sine-wave filter. A single-phase capacitor value must be entered in nn13 "C-filter [UF]" in order to clear
this error.

The EMF adaptation must be deactivated with bit 7 of nn0O.

the inverter! The minimum inverter switching frequency must be greater or equal than the mini-

ﬂ The increased current ripple and the capacitor current must be considered at the dimensioning of
mum switching frequency of the sine-wave filter.
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12.2.10

Rotor position detection for synchronous motors without rotation

Since not all motors in the rotor position detection can rotate freely, there are 2 possibilities to determine the
rotor position at standstill. These can be selected in parameter dS31. The rotor position detection can be ac-
tivated with parameter ds30 "rotor position detection" by selecting when the rotor position detection becomes
active.

dS30: rotor position detection
Bit | Value Function
0 0: off, no position no position detection
1: after ,NOP* Detection after state: ,NOP*
2: at Power On Detection after Power On of the inverter
2 4: after ,Low Speed” Detection after state: ,Low Speed”
3 8: after Reset Detection after reset

There are 2 different possibilities to determine the rotor position. This can be adjusted in parameter dS31
respectively the more favorable mode is preset by the motor identification. Which of the two functions is set
depends on the ratio of Ld to Lq.

- The difference between Ld and Lg (minimum and maximum value) should be greater than 20%.
- The value of Ld to Lq should be approx. 0%

If the difference between Ld and Lq is greater than 20%, value O is entered in dS31 . If Ld=Lq, value 1 is
entered in dS31.

dS31: rotor position mode

Value

0: Ld different Lq

1: Ld equal Lq

Parameter dS32 is used for optimisation of the first operating mode in parameter dS31 = 0. An 1 kHz-signal
is impressed and the controller is adjusted with a Ki in this mode.

dS32: Kl HF detection

Value range

0...32767

Parameter dS33 is used for optimisation of the second operating mode in parameter dS31 = 1. Five different
current peaks are given to the motor winding in this mode. The rotor position can be determined from this
result. The value in this parameter must be increased if the rotor position is suboptimal.

dS33: step current

Value range

0...15000

The current is internal limited to the rated inverter current In01. This function is only given, if the inductance
in parameter dr31 is correctly measured or adjusted.
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12.2.11

Rotor position detection for synchronous motors at low speeds (HF supply)
The HF supply can be activated in parameter nn.00 "motor model adaptation" with bit 14.

nn00: motor model select
Bit | Meaning Value Explanation
0: off
14 | HF-supply 16348 an Can continuously determine the rotor position at low speeds.

The rotor position can be determined continuously with a test signal at operation in standstill and at low
speeds.

ﬂ A switching frequency of 8 kHz must be set for the rotor position detection.

The internal FoH filter is used for HF supply. The default values of parameters th01... fh09 are preset to 1 kHz
with quality 5. Regularly the speed controller must be adjusted slightly softer if HF supply is used.

Since the HF supply only provide benefits in the lower speed range, it will be deactivated above the adjusted
value in nn03. When falling below the adjusted value in nn02, the Hf supply is activated again. Advantageous
is the HF supply only in the lower speed range, if there are problems with the motor model.

nn14 amplitude HF injection

The signal amplitude of the HF supply can be modified here. A higher value means more information, but also
greater losses and more noise development.

The default value is selected by way that 1/8 of the rated motor current is used. However, maximum 25% of
the maximum output voltage.

nn15 optimization HF injection
The PI controller for speed identification at HF supply can be modified here. This Pl controller is parameter-
ized by parameters dr31, dr64, nn14 and nn15.

nn17 open loop speed
The speed limit for ,open loop speed” is separately adjustable from the auxiliary ramp (nn08) via nn17. In
order that all remains downward compatible, nn08 is still active for "open loop speed"” if nn17 is set to 0.
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Block diagram
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dS03 torque mode

_KO— isq_ref_int_c
>

isq_ref_int_c off
on
Torque characteristic for field weakening
(only further lowering of the limits)
M
dr33 dS03 mode DC-kOmp
ch.curve
« >
nact. dr40

dr42

DC link voltage

drd4
dr46

dr39 dr41 dr43 dr45 dr46

n

Figure 12.7

Torque limitation field weakening

162

COMBIVERT G6

© KEB, 2019-03




Speed Control E

13.

13.1

13.1.1

13.1.2

Speed Control

The speed controller is a Pl controller. APT1 low pass filter is series-connected. The integral factor Ki can be
changed speed-dependent. The proportional factor Kp can be increased proportionally to the control devia-
tion. In order to improve the control performance of the drive (low overshoot, higher dynamics), the speed
controller can be pre-controlled with known mass-moment of inertia.

Speed controller parameters

Initial setting

The speed controller is a Pl controller.
The proportional factor ,KP speed” is adjusted in ¢S06, the integral factor ,KI speed” in cS09.

Automatic adjustment of the speed controller (only at operating with motor model)

The KP ¢S06 and Kl cS09 of the speed controller can be preset by the inverter. For this the mass moment of
inertia of the complete system (motor + rigidly coupled load) must be entered in ¢S25 ,inertia“.

Parameter Fr10 ,load motor dep. parameter” = 1 or 2 must be entered once after input of the motor data.
Dependent on the adjusted rated power dr03 the mass-moment of inertia was pre-charged for a standard
asynchronous motor in ¢S25. The value of cS25 has the right dimension for 50Hz standard motors, because
at some applications the ratio of the load inertia is in a range of 0.5...2 x motor inertia.

Better results can be realized if the total moment of inertia is exactly preset. If the value is unknown it can be
determined as described in chapter 13.2.

Parameter cS26 ,optimisation" determines the control characteristic which should be achieved by the calcu-
lated parameters.

The precharging of the speed controller parameters can be deactivated with setting of value "19 = off" in
cS26.
The speed control parameters are overwritten when the value for cS26 is changed.

Parameters for a dynamic, hard speed controller adjustment are calculated with ¢cS26 = 20. Interference fac-
tors, such as torsion or tolerance of the load coupling can intensify vibrations, so that a higher value must be
entered in cS26.

Parameters for a soft and slow speed controller adjustment are calculated with cS26 = 150. Which value be-
tween 2 and 15 is most suitable for the application is depending on the oscillation-grade of the total system.

An oscillation of the estimated speed is a possible disturbance at encoderless operation of asynchronous
motors (ASCL). Increase of the value in parameter "ASCL speed PT1 time" (ds17) often enables a dynamic
speed controller adjustment, that means a smaller value for cS26.
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13.1.3 Operating state-dependent control parameters

The following parameters serve for the "fine tuning" of the speed controller and may not be changed in many
applications.

variable proportional factor KP KP factor

The proportional gain is adjusted in ,KP

speed” (cS06). A system-deviation-dependent 4

proportional gain can be adjusted addition-

ally to the standard KP value with c¢S07 cS08 -

and ¢S08. With it the dynamic performance

can be improved and overshootings can be

dampened.

cS06 -
Xd(n)
Figure 13.1 variable proportional factor KP

variable integral factor Ki Kl factor

Parameters ¢S09...cS12 determine the

integral factor of the speed controller. The Ki )

factor can be varied speed-dependent in or-

der to reach improved speed rigidity at small cS09+

speeds and at standstill. cS10  —r

- ¢S09 forms the base value

- the maximum value for the integral factor

is ¢S09 + ¢S10.

- the two corner speeds ¢S11 and

¢S12 determine the speed range in which the | €509 —=

Kl value is changed.

Figure 13.2 variable integral factor KI
A special function A special function can be activated in parameter max. speed for max. Kl (cS11) by setting
»~1: brake release which works only in connection with the brake control.
An enormous speed rigidity is required for load transfer with hoist drives or lifts, in order that the brake release
and the load transfer are not significant by the inverter.
This controller adjustment is not to be used for normal operation, since the speed controller oscillates too
much at this adjustment.
The solution is to enter a high value in parameter "Kl offset” (¢cS10) in order make the controller rigidy. If cS11
indicates the value ,-1: brake release", this "Kl offset" is set immediately to 0 at the end of the brake release
time, not reduced during operating in a speed range.
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13.2

Determination of the mass moment of inertia

Delta n =402 rpm

i === Set speed

Speed

B === Calculated actual speed

i Delta t = 0.26s

i A

Eacceleration torque
EDeIta M =662 Nm

Torque

Figure 13.3 Process to determination of the mass moment of inertia

The knowledge of the mass moment of inertia of the system (= motor + rigidly coupled load) is required for
the automatic calculation of the speed controller parameters as well as for the pre-control of the acceleration
torque.

If this mass moment of inertia is unknown, it can be determined by an acceleration test.

For this the system must be accelerated with defined, constant torque. It must be guaranteed that no signifi-
cant and acceleration-independent load torque occurs by the application.

The following formula is valid:

At
An

J =95493 x AM x

Example: Ramp-up was recorded with COMBIVIS:

0.26 s
J=95493 x 662 Nm ——— =40886 kg*cm?
402 rpm

In order to eliminate the effect of friction from the calculation, you can determine the mass moment of inertia
a second time in similar manner, however by deceleration test. The average value of both inertia, determined
at ramp-up or deceleration must be entered in parameter cS25 ,inertia (kg cm”2)“.
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13.3

13.4

PT1 output filter

A PT1 low pass filter is series-connected to the speed controller.

Speed controller Low pass filter
active current setpojnt
PT1
cS06...cS12 cS29
Figure 13.4 Output filter

High frequency oscillations (caused by spring elements in the mechanics of the drive train) can be filtered by
this way from the active current setpoint signal.

The filter time must be adjusted in parameter ¢cS29 ,act. curr. ref. PT1-time“. A longer filter time causes a
stronger smoothing of the active current signal, but also less dynamic control characteristic and increased
oscillation inclination.

An adaptation of the speed controller is required on changing the Pt1-time. This filter is used e.g. for spindles
in order to avoid jumps in the current setpoint at fast load changes.

Acceleration dependent pre-control

If the mass moment of inertia of a drive is known it can be calculated which torque is required to acceler-
ate the drive. This function is activated, if a value unequal 0 is entered in parameter cS28 ,pretorq. speed
fact.%/". This parameter must be set to 100% for a complete pre-control.

Inertia ¢S25 Pretorque speed factor
cS28

Low pass filter

actual speed precgntrol
setpoint value + N delta n_set ® acceleration torque
> >

Y
)
-
N

Pretorque speed PT1 filter

Speed setpoint time ¢S27 + Y
value before 1 ms ()"

Speed controller

Figure 13.5 Acceleration dependent pre-control
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13.41 Precontrol reciprocal of amplification / filtering

For some applications it is not necessary to pre-control the complete acceleration torque (cS28 = 100%) see
the following reasons:

- adifferent torque is required with the same acceleration at motoring or generating (e.g. due to friction)
- the speed setpoint setting (e.g. by external control) is made in steps, so torque jumps can occur

- the (analog) speed setpoint setting is superimposed by a noise, which must be damped for the pre-
control

The influence of the pre-control can be damped with parameter cS28 ,pretorq. speed fact. %" for these ap-
plications.

Torque peaks, which are caused by a speed setpoint setting in steps, can be reduced by means of a low pass
filter. Here also valid: the higher the time in parameter cS27 ,pretorq. speed PT1 time* the better the smooth-
ing, but also the undynamic of precontrol.
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13.4.2 Setpoint smoothening
For applications, when new setpoints are preset by an external control within fixed time base there is one
additional function for the acceleration torque pre-control: the setpoint smoothening.
without setpoint smoothening with optimal reference splitting
(Parameter oP74 ,reference splitting® = 0: off) (Parameter oP74 ,reference splitting“ = cycle time of
A high precontrol value is calculated at every new | the external setpoint setting in ms)
setpoint step without setpoint smoothening. The | The speed setpoint is smoothed, the precontrol value
precontrol function cannot be used. remains constant.
1 Setpoint setting of external
control = speed setpoint of
1 ramp Setpoint setting of
external control
Speed setpoint be-
fore ramp (ru01)
Precontrol value for the accel- // Prec?ntr;)_l vatlue for the
eration torque + acceleration torque
1 1 1
t [ms] t [ms]
Figure 13.6 oP74 = value 0 Figure 13.7 oP74 = cycle time
with reference splitting and variable clock time of the external control
The longest clock time (in ms) must be entered in parameter oP74 ,reference splitting" for optimal precon-
trol at non-constant cycle time of the external control.
This causes a short delay of the reference value, but also a smoother precontrol value.
r oP74 = Shortest time for roP74 = Shortest time for
- setpoint setting cycle  setpoint setting cycle
Setpoint setting of / Setpoint setting of
external control external control /
Speed setpoint )
before ramp Speed setpoint
(ru01) before ramp (ru01)
[ Precontrol value for the Precontrol value for the
’ acceleration torque T acceleration torque
t[ms] t[ms]
Figure 13.8 short cycle time entered in oP74 Figure 13.9 longest cycle time entered in oP74
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13.5

Square influence of the controller parameters
The speed controller parameters (KP, KI) can be influenced depending on the actual speed with this function.

LowGain = 100%

KP speed gain / peak % = cS07

KP speed limit / gain % = cS08

Speed for square function = cS14

Max. speed for square function = cS13

K1 = -(LowGain — PKGain) / Speed”2

K2 = -(HiGain — PKGain) / (Speed”"2 — 2*Speed*MaxSpeed+MaxSpeed”2)
n = 0...MaxSpeed

Gain(n) = if [n<Speed, LowGain + K1*n*2;hiGain + K2 * (n — MaxSpeed)*2]
Gain is internally limited to 0...800%

KP = cS06 * Gain / 100%

KI = ¢S09 * Gain / 100%

¢cS05: speed KP / KI mode

Function Value

0: variable KP/KI

1 = square KP function

2 = quadratische Kl funktion
3 = square KP + Kl function

speed KP / KI mode

If the square mode is adjusted, the variable KI and KP have no function. Mode ¢cS11= -1 brake release re-
mains possible.

Possible curves:

120

100

NN e
J N/

E \/

.g \/

0 ‘ ‘ ‘
0 500 1000 1500 2000
n [rpm]

Figure 13.10  ¢S07=30; ¢cS08=100; cS12=500; ¢cS13=1000, ,,resonance point"
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Figure 13.11  ¢S07=200; ¢S08=100; ¢S12=500; ¢S13=1000
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Figure 13.12  ¢S07=100; ¢S08=30; ¢S12=500; ¢S13=1000
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Figure 13.13  ¢S07=30; ¢S08=30; cS12=1300; cS13=1800
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Figure 13.14  ¢S07=100; cS08=200; cS12=1300; ¢S13=3700, ,field weakening* (linear field weakening)
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14.

14.1

Torque Display and Limiting

Several factors can limit the max. available torque of a drive. In the base speed range, the max. torque is
limited by the current the inverter is able to supply and in the field weakening range, additionally the voltage
that limits the breakdown torque of the motor. Torque limit e.g. to protect the mechanics is also required for
some applications.

Maximum voltage controller, voltage limit

The inverter always requires a voltage control reserve on order to regulate the current. The maximum volt-
age controller limits the output voltage if it is too high (higher dS10 ,Umax modulation limit“). The maximum
voltage controller is activated by the input of the values 8 or 24 in ,maximum voltage controller of parameter
dS04 "flux/rotor adaption mode". The controller is switched off at value 0 or 16.

dS04: flux/rotor adaption mode
Bit | Meaning Value Explanation
0: off, max. 110% controller off, max. modulation factor=110%

controller on,
max. modulation factor = dS10 + 2%

16: off, max. 100% | controller off, max. modulation factor=100%
24: on, max. 100% | controller on, max. modulation factor=100%

Maximum voltage control- | 8: on, max. 110%

3,4
ler

The voltage range for which a modulation factor > 100% is needed is designated as overmodulation range.
The voltages in this area are no longer sinusoidal, which causes distortions in the phase currents, turbulent
speed estimation in encoderless operation and a worse torque accuracy.

A better output voltage is contrary to these disadvantages.

Overmodaulation is not allowed for the selection "max. 100%" (value 16 and 24). This adjustment should be
selected if the drive shall be operated in a mode with motor model.

The available voltage increases due to exploitation of the non-sinusoidal overmodulation range for the selec-
tion ,max. 110%"“ (value O or 8).

Value 0 should not be used because there are important negative effects.

The negative effects are minimized at value 8 by limiting the overmodulation range to ,Umax modulation limit"
dS10 + 2%. i.e. the maximum modulation factor is 105%, if dS10 = 103% is selected. This limitation is only
valid for the overmodulation range.

Values 0 and 8 should only be used after careful testing.

The controller is adjusted via parameters dS08 ,KP Umax“, dS09 ,KI Umax*“, dS10 ,Umax modulation ref.".
dS08 has only a minor effect and can remain on value 0.

dS09 determines the dynamics of the controller. If this parameter is adjusted too small, the drive can arrive
voltage limitation. If the parameter is adjusted too high, the drive starts to vibrate. If the modulation factor
becomes much noisier due to an increase of dS09, it indicates that the controller setting is too high.

A temporary reaching of the voltage limitation is normally not a problem.

The modulation factor to be controlled is determined with parameter dS10. The closer this is to 100%, the
better the inverter voltage is utilised, but also the lower are the control reserves useable for the dynamic.
The default value of 97% is usually a good agreement.

For the asynchronous machine, the voltage limitation occurs by flux reduction.

The motor flow can be reduced by the controller to 74 of the value which is required according to the magne-
tisation characteristic.

For the synchronous machine, the voltage limitation is done by setting a negative magnetising current. The
maximum value of this current is determined with parameter dS13 ,magn. current limit*. (see chapter 14.3
"physical torque limits of the synchronous motor" about the influence and adjustment of dS13).
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14.2

14.2.1

14.2.2

Physical torque limits ASM

Torque limits in base speed range

The DASM rated torque of the motor (calculated from rated power and rated speed) is displayed in parameter
dr14.

The max. torque (limited by the maximum current of the inverter) is displayed in dr15.

At activated hardware current limit (uF15 = 1 or 2) the maximum current is equal to the hardware current level
(In18) less safety reserve of 5% of the inverter rated current.

At deactivated hardware current limit (uF15 = 0) the maximum current is equal to the overcurrent error limit
less safety reserve of 10%.

Additionally the motor current can be limited by software with parameter dr37 ,max. current®. This limitation
also affects the maximum torque, but is not displayed in dr15 .

Also the active current is limited by torque limitation in the base speed range. But nevertheless the current
limit of the inverter can be exceeded by the additional magnetizing current. Therefore, also the software cur-
rent limit should be activated.

Torque limits in base speed range

If the motor is overloaded, i.e. if a torque is required, beyond its limit torque, the maximum voltage controller
reduces the flux too much and thereby also reduces the maximum achievable torque.

Therefore the maximum permissible torque must be reduced in the field weakening range.

The torque limiting characteristic is defined with parameters dr15...dr18.
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Torque [Nm]

dr15 : ! .

LN A NG i reduction T
dS03 ,field weakening curve*
= 0: off

0.5 dr16 [ e T ez

dr17 dr18 2*dr18
Actual speed [rpm]

Figure 14.1 Field weakening range 1/x reduction

The "max. torque FI" (dr15) is depending on the maximum inverter current and can not be changed.

At default setting the maximum torque in the field weakening is reduced to a 1/x function - because of flux
reduction.

The physical breakdown torque characteristic of the motor is a quare characteristic, i.e. also the maximum
active power in the field weakening range must become smaller.

The square limiting characteristic must be activated if the motor shall be driven to its limits. This is done with
value 2 in "field weakening characteristic" of parameter dS03 ,current/torque mode*.

dS03: current/torque mode
Bit | Meaning Value Explanation
, 0: off Activation of the active current limitation in the
1 field weak. curve , .
2:on field-weakening range

The limiting characteristic is adapted to the motor with parameter dr16 ,DASM max torque corn. sp“.
dr16 = breakdown torque of the motor (at speed dr18) - safety reserve

Example:
a motor shall have the following rated data:

rated speed: 1470 rpm rated frequency = 50Hz
rated torque: 36Nm Mo/ M, iown = 2-9
selected value for DASM field weakening speed (dr18): 1500 rpm

Data sheet value for breakdown torque of the motor at rated frequen- 2.5 * 36Nm = 90Nm

cy:

Safety reserve 25% =22.5 Nm

dr16 ,DASM max torque corn. sp“=90Nm — 22.5Nm = 67.5Nm
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14.3

14.3.1

14.3.2

The value for dr16 can be higher than the value in dr15 since the breakdown torque of the motor can be
higher than the maximum torque of the inverter.

The safety reserve is necessary because the limiting characteristic must be sufficiently far from the physical
breakdown torque of the motor.

Torque [Nm]

square reduction ° ", square breakdown torque curve of
ds03 field weaken- ', the motor
ing curve“=1:0n -\ '
dr15 :
A6 [ooeeeeereee e e :
0.5*dr16  |---ovvommoe b N

dr17  dr18 2*dr18
Actual speed [rpm]

Figure 14.2 Field weakening range square reduction

Physical torque limits SM

Torque limits in base speed range (dr27, dr15)

The rated torque of the synchronous motor must be entered in parameter dr27 according to the name plate.
The max. torque (limited by the maximum current of the inverter) is displayed in dr15.

At activated hardware current limit (uF15 = 1 or 2) the maximum current is equal to the hardware current level
(In18) less safety reserve of 5% of the inverter rated current.

At deactivated hardware current limit (uF15 = Q) the maximum current is equal to the overcurrent error limit
less safety reserve of 10%.

Torque limits in base speed range

Normally a synchronous motor is operated with a magnetization current of 0.

If the usable speed range shall be increased, drive into the "field weakening range". In this range, the max-
imum voltage controller provides a magnetising current that counteracts the pulse wheel voltage. If the in-
verter changes to error, the magnetizing current is = 0. Then the motor refeeds the pulse wheel voltage into
the inverter. This voltage may reach maximally the overvoltage threshold, otherwise the inverter is damaged.
Therefore the permissible speed is limited. If the drive exceeds the value of parameter ru79 ,abs. speed
(EMF)" the inverter changes into "Error! overspeed®.
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EMF voltage constant (dr26) x actual speed
1000 rpm

pulse wheel voltage =

There are several disadvantages contrary to the advantage of higher maximum speed:
- the drive is more prone to vibrations in the base speed range
! - not all motors are suitable for field weakening operation

- a higher current is required for the same torque due to the magnetizing current demand

14.3.2.1 Determination of the magnetizing current limit (dS13)
There is a specific 'ideal' magnetization current limit for each motor. The available field-weakening range is
very small if the limit is too small.
The following picture shows the connexion between the maximum reachable torque and the magnetizing
current limit dS13.

— torque (dS13 =0)
— torque (dS13 =0.5*1In)
torque (dS13 = In)

Field weakening range

Motor torque [Nm]

Base speed range

A
Y
[

Speed [rpm]

Figure 14.3 Magnetizing current limit

If the magnetizing current limit is selected too high, the available torque becomes smaller again. Furthermore
too high value for dS13 can cause the maximum voltage controller to "hang". That means: for setting the mag-
netizing current, more voltage is used than is gained from the field weakening. The voltage remains too high.

A typical value for dS13 is the rated motor current. In the field weakening range, the current needed to set a
defined torque increases.
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Start of the field
weakening range

Torque limiting characteristic

Speed [rpm]

Figure 14.4 Limit current in the field weakening range

available that should not fall below 0.5 x dS13! Pay attention to appropriate adjustment of the

' To ensure that the speed controller can control the drive, an active current must always be
! torque limit and max. current!

14.3.2.2 Definition of the limiting characteristic

Starting at a certain speed, the drive cannot provide the same torque in field weakening operation that it
provides in the base speed range.

If the drive is to accelerate at a constant torque limit (e.g. double the rated torque), the motor is (despite field
weakening) physically unable to provide this torque.

The set torque can not be adjusted anymore and the drive ,hangs® in the voltage limit (modulation factor ru42
= 100%). Therefore, a limiting characteristic that mirrors the physical limits of the drive must be given. This
limit is depending on parameter dS13.

If no limiting characteristic is given, the user must insure that the motor is not asked to deliver an inadmissibly
high torque by choosing suitable acceleration /deceleration ramps and by appropriate selection of the load.
Parameters dr33 and dr39...dr47 serve for setting the limiting characteristic.

at the highest speed (i.e., the last point on the characteristic) should minimally be set to the

' Value 0 should not be used for the torque values of the limiting characteristic. Also, the torque
! following value:

Magnetising current limit (dS13)
M . =0.37x x DSM rated torque (dr27)
DSM rated current (dr32)

This value may not be fallen below for the following reason:
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A potential error in the position sensing leads to the magnetising current creating a torque in the field weak-
ening range. An error of 20° electrical causes an unwanted torque from the magnetising current of maximally:

Magnetising current limit (dS13)
M ,, = sin(20°) x x DSM rated torque (dr27)
DSM rated current (dr32)

If this torque error cannot be compensated for due to the limiting characteristic, the drive becomes uncon-
trollable.

All other torque values must be selected higher accordingly.

Parameters dr33, dr40, dr42, dr44, dr46 contain the maximum torque for the speeds in dr39, dr41, dr43, dr45,
dr47. Linear interpolation between these points.

4r33 AN RSO SRR S S
dr4Q oo ........ ....... ....... measure:d limit- .......
) : : : ing characteristic :
B A2 [-oovesernn e NGO
o ; E : 1 1
= programmed limiting : :
drdd |- characteristic in the ~ ------= ki CRCLECTRETRERPRT PR,
inverter (with safety : ;
Ard6 oo distance) = T ‘
< : ' i ; >
usable range of the : :
application :
dr39 dr41 dr43 dr45 dr47
Figure 14.5 Limiting characteristic
The limiting characteristic is activated via dS03 bit 1.
dS03: current/torque mode
Bit | Meaning Value Explanation
y field weak. curve 0: off Activation of the limiting characteristic
' 2:0n (defined by dr33, dr40...dr47)
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14.3.2.3  Shifting of the limiting characteristic

The physical torque limiting characteristic of the motor is depending on the maximum output voltage of the
inverter. This is determined by the DC link voltage, which is depending on the mains input voltage and the
inverter load.

Therefore different modes can be selected in dS03 for the programmed limiting characteristic.

dS03: current/torque mode

Bit | Meaning Value Explanation
0: off Shifting generally not active
4:on Shifting generally active

DC link depending |8 >Un(Fl) = off, ab-
2,3 | shifting of the charac- | Normal stopping =
teristic (SM) off

12: >Un(Fl) = off, | Shifting at abnormal stopping generally active, oth-
abnormal stopping | erwise inactive if DC link voltage higher than rated
=on voltage

Shifting not active if DC link voltage higher than rat-
ed voltage (also at emergency stop)

The value 0 ("off") can be used if the limiting characteristic for the mains input voltage is programmed, the
machine is operated with it and this voltage is relatively constant.

The advantage (e.g., during ramp-up at the torque limit) is that the continuous, load-dependent fluctuations
of the intermediate circuit cannot cause any torque fluctuations.

If, however, the mains input voltage is variable (e.g., affected by other users) or if the mains voltage at the
location of the machine is unknown, set dS03 = 4, 8 or 12.

Then the programmed limiting characteristic is always valid for the inverter rated voltage (400V or 230V) and
is proportional adjusted to the voltage.

max. reachable torque at 400V
mains input voltage

1 max. reachable torque at 360V
mains input voltage

Maximum torque

Spéed [rpm]

Figure 14.6 Shifting of the limiting characteristic

The limiting characteristic must always be programmed higher than the speed range where the motor shall
be operated. Otherwise, the drive operates in an undefined range at lower DC link voltage values due to the
shift of the characteristic to lower speeds.
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The limiting characteristic is shifted in both directions at value 4 ("on"); to lower speeds at lower voltage and
to higher speeds at higher voltages. At this value, the motor achieves maximum torque. It is unfavorable
especially at regenerative operation that the DC link voltage can increase very quickly and in a wide range.
These dynamic changes can cause high disturbance in the field weakening range.

Therefore preferable setting is 8 (,>Un(FI) = off, abnormal stopping = off‘). Only the necessary physical shift-
ing of the characteristic due to low DC link voltage is executed here. That means the characteristic is only
shifted if the DC link voltage is lower than the rated DC link voltage (= V 2 * inverter rated voltage).

There is no shifting if the DC link voltage is higher than the rated voltage.

Value 12 (,>Un(FI)= off, abnormal stopping= on®) can be selected if the maximum achievable torque shall
be available for emergency stop. In this mode the characteristic at higher DC link voltage is shifted to higher
speeds only during emergency stop operation. Generally value "8" should be used if possible.

14.3.2.4 Influence of the current limit
The total power of the motor in the field weakening range consists of active current and magnetizing current.
The maximum torque limits only the active current.
For some motors there is a maximum current specified in the data sheet. This is valid for both components
together. Therefore the total motor current can be limited by this parameter.
The magnetization current has priority if both components together exceed the current limit.
To ensure that the speed controller can control the drive, active current flow must always be
“ able. Therefore the magnetization current limit (dS13) must always significantly lower than the
o maximum current (dr37). dS13 should be maximally 0.75 x dr37.
The max. current limit dr37 is activated by bit 0 of parameter dS03.
dS03: current/torque mode
Bit | Meaning Value Explanation
0 max. current-/ torque | 0: off software-based current limit off
mode 1:0n software-based current limit on
14.4 Adjustment of application-dependent torque limits
General adjustment of the torque limits
For some applications it is not required to provide the maximum possible torque, but rather the application
requires other process-related limitations (e.g. to protect mechanical components). These can be adjusted
via parameters ¢S19...cS23. The torque limiting characteristic which is defined by maximum current and
available voltage remains always active as superior limit.
Parameter ,abs. torque ref (cs19) can be used if only one limit is required for all operating ranges (forward,
reverse, motor and regenerative operation). All other limits (¢S20...cS23) must be set to value ,-1:0ff*.
If different torque limits are required, enter these limits in parameters ¢S20...cS23 (=torque limit for the dif-
ferent operating ranges).
The torque limits can be adjusted during operation for special applications by multiplying with a factor of
0...100%.
Parameter ,torque reference source” (cS15) determines how this factor is built for the adjusted torque limits
(cS19...cS23).
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Example:

¢S20 torque limit for. mot. = 20Nm

¢S21 torque limit rev. mot. = 20Nm

cS22 torque limit for. gen. = 15Nm

¢S22 torque limit rev. gen. = 10Nm

¢S15 source torque reference = 3: digital % (cS18)
cS18 torque ref. setting % = 50%

resulting torque limits

Forward rotation:
Reverse rotation:

motorized = 10Nm / regenerative = 7.5Nm
motorized = 10Nm / regenerative = 5Nm

Overview of parameter cS15

¢S01: torque reference source

Value

Explanation

0: analog REF

1: analog Aux

Parameter ,sel. Ref input / Aux-function“ (An30) defines, how the Ref or Aux value is
calculated (see chapter 8). As standard AN1 is the Ref value and AN2 the Aux value.
They are limited to 100% as multiplier for cS19.

2: digital
abs(cS19...23)

the value in ¢cS19 generates directly the torque reference

3: digital % (cS18)

cS18 is factor for cS19

4: motorpoti (ru37)

the output value of the motorpoti function (see chapter 20.3) is the factor for the
torque limits (cS19...cS23)

5: ext. PID out the output value of the PID controller (see chapter 20.9) is the factor for cS19
(ru52) The output value can be read out in ru52
Analog input value AN2 is the factor for cS19.
The analog input is scannned and processed in faster steps with this adjustment.
6: direct AN2 To realize this faster processing, the following parameters do not have any function:
(+/-10V) +AN2 noise filter* (An11), ,AN2 offset Y* (An17), ,AN2 zero clamp“ (An14), ,AN2 save

mode* (An12).
The value of AN2 is limited as multiplier to 100%.

This limits can be lowered by the limiting characteristic.
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Adjustment of the torque limits for the respective quadrants (forward / reverse, motor / regenerative
operation)

The parameter values of ¢S19...cS23 can be changed independently in 1, 2ms step with parameter An54
and e.g. an analog input. The step width is depending on the control board. This provides the possibility e.g.
to change the motor limit analog and to keep the regenerative limit constant. Parameter cS19 is the absolute
torque reference for motor and regenerative operation. Torque limits for certain quadrants (forward/reverse,
motor/regenerative operation) can be adjusted independently with parameters ¢S20...cS23

The speed range to the standstill must be considered critically. In this speed range, there may be speed
jumps or speed jerks and the inverter can drive into torque limit.

14.5 Display of actual torque values and limits
Parameter ru11 and ru12 display the actual set or actual torque of the drive.
The torque in [%)] referring to parameter,absolute torque reference* (¢S19) is displayed in ru73 and ru74.
The effective limits for the actual direction of rotation can be read in parameters ru47 "act. torque limit mot."
and ru48 "act. torque limit gen.". Parameters ru47 and ru48 are depending on the programmed torque limits,
the limiting characteristic and current limits (e.g. hardware current limit or dr37 "max. current®).
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14.6

14.6.1

Display of the torque-related motor load ru90

The load of the total drive can be displayed with ru90.
The calculation of ru90 is depending on the mode.

Mode 1: ,,reference torque“ LE27 =0
Then the calculation of ru90 is done according to the formula:

actual torque (ru12)
rudo =

act. torque limit (ru47__ respectively ru48

genA)

120
Actual torque limit mot. (rud7) 100
Actual torque (ru12) | _80
T b g S Max. torque in % (ru90) —
E o
= : 60
© =
o X
RS £
40 9
g
8
: 20 3
Field weakening: =
speed (dr18)
0
Speed [rpm]
Figure 14.7 LE27 =0
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14.6.2 Mode 2: ,,reference torque“ LE27 unequal 0

If the ,reference torque” LE27 is unequal 0 there are several modes available for the calculation of ru90. The
mode is selected with LE28 ,ref. torque mode®.

ﬂ If parameter LE27 # 0 is adjusted, the overload protection of the motor is also activated.

LE28: ref. torque mode

Meaning Value Explanation
Jreference torque mode” is not active. The reference
0: off torque is equal to the actual torque limit (ru47,ru48 or
LE27)
Motor limit, refer- Lreference torque mode* is active. As value 0, addition-
ence mode 1:0n ally continuous operation (S1) of the motor (according
rated data) is considered for the reference torque
2: on calculated reduced | As value1, with consideration to the shifting of the
DC link voltage S1-characteristic by the DC link voltage

Valid for all values in parameter LE28:

The programmed speed-torque characteristic is accepted as 100% utilization of the inverter. This character-
istic is made up of the torque limits in the ¢S parameters (e.g. ¢cS19) and the limiting characteristic in the dr
parameters (e.g. dr15...dr18).

The adjusted value in parameter ,reference torque“ (LE27) corresponds to 100% utilization in the application.
This could be e.g. the torque which is permanent permissible for the mounted worm gears or the mounted

gear box.
120
Actual torque limit mot. (ru47)
% 100
. )
_ _ Max. torque in % ~_go 023
§ Reference torque (LE27) § S
= : > = | Reference torque for max. torque in % (ru90
0 [ Reference torque for max tc?rque |n percent (ru90) : ) g g b (1u30) 60 -g
g f— ; ; S| Actual torque display (ru12) \ &
© | Actual torque display (ru12) 2 Y — 3
40
DASM field weak-j DASM rated §
i d (dr18),
ening speed (dr ) Speed 20
Speed [rpm]
0
Speed [rpm]
Figure 14.8 Parameter LE28 value 0 Figure 14.9 Display ru90 value 0
ﬂ At parameter LE28 value 0 the smaller of the two max. values is the reference torque for ru90.
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The thermal load of the motor is additionally considered in parameter LE28 value 1 and 2.

The thermal max. torque is taken as 100% utilization of the motor, i.e. in base speed range the rated torque
and in the range "higher rated speed", the rated torque attenuated following a 1/x-function.

The smallest of the 3 values indicates the torque with which the whole drive can be loaded permanently at
the corresponding speed. This torque is the reference torque for the calculation of parameter "max torque in
percent" (ru90).

Act. torque limit mot.
(rud7) 120
. ? 100 ;o:
= Continuous torque (S1 operathn) T Max. torque in % (ru90) 80 2
Z.  |Reference torque (LE27) \ Z <
% Reference torque for max. torque in % (ru90) \A g [Reference torque for max torque in percent (rud0). 60
|§ N — lg Actual torque (ru12) g
Actual torque (ru12) 40 g
; 20 é
Field weakening i Rated speed : =
speed (dr18) i (dr01) : 0
Speed [rpm] Speed [rpm]
Figure 14.10  LE27 # O reference torque Figure 14.11  Display ru90 (LE27 # 0)

The influence of the DC link voltage is additionally considered in parameter LE28 value 2. The S1 character-
istic is shifting if the average value of the actual DC link voltage is smaller than DC link min.

The DC link voltage min is calculated as follows:
Asynchronous motor: DC link voltage min = dr02 (rated voltage) * (V2 / max. modulation factor)
Synchronous motor: DC link voltage min = (dr26 (EMF) /1000 * (dr24 (rated speed) / max. modulation factor)

ﬂ The max. modulation factor is depending on the adjustment in parameter dS04 (100% /110%).

The new application point for the field weakening operation is:
At DASM
smoothed DC link voltage

DASM rated speed (dr01) x DC link voltage min

At DSM

smoothed DC link voltage
DC link voltage min

DSM rated speed (dr24) x

Torque S1 operation at DC link = 565V

<

Torque S1 operation
at DC link < 565V
Reference torque (LE27)

Reference torque at DC link = 565V
Reference torque at DC link < 565V

Torque [Nm]

Speed [rpm]
Figure 14.12  LE28 value 2
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15.

15.1

15.2

Torque Control

The user presets the motor torque in torque-controlled operation. If the set torque is not reached, the drive
accelerates to the speed setpoint.

Torque reference source

The set torque is calculated from the value in parameter cS19 multiplied with a factor (0 .. 100%) which can
be preset by different sources (analog inputs, motorpoti etc.). The selection of the torque reference source is
made by parameter cS15.

¢S01: torque reference source

Value

Explanation

0: analog REF

1: analog Aux

Parameter ,sel. Ref input / Aux-function® (An30) defines, how the Ref or Aux value is
calculated (see chapter 8). As standard AN1 is the Ref value and AN2 the Aux value.
They are limited to 100% as multiplier for cS19.

2: digital absolut
(cS19...cS23)

the value in cS19 generates directly the torque reference

3: digital % (cS18)

cS18 is factor for cS19

4: motorpoti (ru37)

the output value of the motorpoti function (see chapter 20.3) is the factor for the
torque limits (cS19...¢S23)

5: external PID
output (rus7)

the output value of the PID controller (see chapter 20.9) is the factor for cS19
The output value can be read out in ru52

6: AN2 direct
(+/- 10V)

Analog input value AN2 is the factor for ¢cS19.

The analog input is scannned and processed in faster steps with this adjustment.

To realize this faster processing, the following parameters do not have any function:
+,AN2 noise filter* (An11), ,AN2 offset Y* (An17), ,AN2 zero clamp* (An14), ,AN2 save
mode* (An12).

The value of AN2 is limited as multiplier to 100%.

The superior torque limiting, such as ,max. torque FU" (dr15) remain effective.

Rate of change torque reference
The rate of change of the torque reference can be limited with cS16.

cS16: torque acc. time

Value Explanation
0: off Torque reference is transferred directly without ramp
1. 60000 ms The maximum rate of change for the torque reference amounts to rated motor torque

per adjusted ramp time (cS16).
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15.3

15.4

15.41

Speed limiting

The setpoint speed after the ramp generator (ru02) serves for speed limiting. The setpoint speed is formed
(with exception of the rotation direction) in the same manner as in speed-controlled operation or open-loop
operation. The direction of rotation results from the sign of the torque reference. Without limiting the speed,
the drive would accelerate to indefinitely high speeds if the counter torque disappears.

Since the limiting is based on the speed at the ramp generator output, the acceleration/ deceleration ramps
should be set to 0 s for this operating mode.

Control mode
There are two different modes for torque-controlled operation. They can be selected by ¢S00 =5 or ¢cS00 = 6.

Mode 1: Torque-controlled operation with emergency changeover to speed control
This mode is activated with ¢cS00 = 5.

The speed controller is not active until the drive does not exceed the maximum speed for torque-controlled
operation (= set speed ru02).

This has the advantage that the parameterization of the speed controller has no influence to the set torque.
The change to speed-controlled operation occurs only when the speed limit is reached. Caused by the
change-over the control characteristic is not optimal here. Overshoots can occur.

ru07 ,actual
value display*“
(actual speed)

Speed controller

Set speed ref. torque
Amount of parameter ru02 > \—
,ramp output display* / N \
actual
cS15 source Sign speed >
torque refer- setpoint  [Torque refer-
> peed ence
ence - 5
analog REF 0 n-control
analog Aux 1 +100% limit active
digital absolute (cS19) 2 \ / ref. torque ramp speed
digital % (cS18) 3 i controller | torque reference
: -100% ru49 cS16
motorpoti (ru37) 4%
external PID output (ru57) 05_
AN2 direct (high scanning) 6

cS19 ,abs. torque refer-
ence”

Figure 15.1 Mode 1

© KEB, 2019-03 COMBIVERT G6 187




Torque Control

15.4.2

Mode 2: Torque-controlled mode with superimposed speed control
This mode is activated with cS00 = 6.

The speed controller is permanent active, but the limitation of the controller is always set equal to the torque
reference.

As long as the drive does not exceed the maximum speed for torque-controlled operation (setpoint speed =
ru02), the speed controller is in limitation, i.e. its output signal is equal to the torque reference.

This mode has the advantage that the speed controller is always activated and therefore the behavior on
reaching the maximum speed is improved.

The disadvantage is that with an unfavorable parametrisation of the speed controller (e.g. very small ampli-
fication chosen), the torque reference can be further delayed by the controller. That means, even if the ramp
time ¢S16 is 0:0ff, the speed controller must first run to the new limit value after torque reference increase.

ru07 ,actual value
display” (actual
speed)

Speed controller ref.

Set speed torque  Torque refer-

Amount of parameter ru02 @ \ / ence
Lramp output display” /T\ »

\ 4

¢S15 source Sign
torque refer-
ence y

»

analog REF 0

analog Aux

digital absolute (cS19)
digital % (cS18)
motorpoti (ru37)

+100%

N Jref. torque ramp speed torque
/ \ controller ru49 reference cS16
100%

o Nl

external PID output (ru57)

(<20 (4, I E- N (SR | S Co

ANZ2 direct (high scanning)

¢cS19 ,abs. torque reference”

Figure 15.2 Mode 2
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16.
16.1

Current Control, Limiting and Switching Frequencies

Current control

The current controller (dS00 ,KP current®, dS01 ,KI current®) are automatically precharged by actuation of
Fr.10 by means of the equivalent circuit data.

The controller parameters are calculated from the equivalent circuit data.

The current decoupling must be activated in dS02 for optimal control characteristic. For the asynchronous
machine it is differentiated between "1: on" and "2: on, without main inductance®.

Mode 2 (without main inductance) must be used, if there are high DC link voltage fluctuations (e.g. at low
mains or spindle motors). The complete decoupling can lead to boosted current oscillation.

Otherwise mode ,1: on“ for synchronous and asynchronous motor must be selected.

dS02: current decoupling

Value Function
0: off Current decoupling off
1:on Current decoupling on

2: on, without main | partial current decoupling (mode only for asynchronous motors with unsmooth DC
inductance (ASM) link voltage)

3: only Usq (SM)
4: only Usd (SM)

The decoupling of the S-mode can be activated separately.

Exception: The controller parameters are only calculated according to the rating plate data

at speed-controlled operation of an asynchronous motor without motor model. These adjust-
ments are default values for standard motors and they are not suitable for special motors (e.g.
high-and medium-frequency motors). A manual adaption must be made here.

A current decoupling is also not possible in cases where the equivalent circuit data are unknown. Therefore
parameter dS02 must be to value 0.

dS03: current/torque mode
Bit | Meaning Value Function
0: off Current controller / priority of

Activation of the active current controller-priority
in the regenerative range

Current controller/ priority
assignment (ASM) 16: on

The priority of the active current controller can be assigned in regenerative operation with bit 4 of parameter
dSO03. In special applications this is advantageous for the quality of current control

A change of bit 4 in parameter dS03 is normally not necessary and should be done only by
! authorized KEB service personnel.
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16.2

Current limit

The hardware current limit becomes active if the phase current exceeds the value of In18 ,hardware current.
Through short-time power shutdown the current limit can eliminate short current peaks at low speeds, e.g.
when starting the motor. However if the current level is exceeded at high speed under load, disconnection of
the voltage leads to a reduction of the breakdown torque of the motor and thus to a "fall back" of the motor.
Additionally the motor model is falsified. Therefore this function should be switched off for controlled drives.

can lead to torque sags at the motor shaft. This function is very critical especially during opera-

' The hardware current limitation limits the current at the maximum and triggers no error. This
! tion "lifting and lowering". The drive may sag due to missing torque without brake engage.

uF15: hardw. curr. lim. mode

Value Function

0: off recommended adjustment for encoderless closed-loop operation

1: Single-phase

Limits the current reliable, but deep sag in the current
mode

2: Zero vector mode | Lower current sag, but overcurrent errors can occur in rare cases.

The software current limiting (dr37) should be used instead of the hardware protective function. The maxi-
mum permissible current must be entered in parameter dr37.

If the application does not require another value it is reasonable to enter the hardware current inverter (In18)
here. The function is activated by setting "current/torque mode = 1: on" in parameter (dS03) ,current/torque
mode.[]

dS03: current/torque mode

Bit | Meaning Value Function

Maximum current 0: off Maximum current mode off

mode 1:0n Activation of the software current limiting
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16.3

Switching frequencies and derating

Switching frequency (uF11, In03, In04, ru45)

The required switching frequency can be selected in parameter uF11.The higher the switching frequency, the
smaller the noise level and the smaller the current ripple and the associated losses in the motor. Simultane-
ously the losses in the inverter and also the isolation straining of the motor increase caused by switching
edges.

uF11: switching frequency

Value
1:4 kHz
2: 8 kHz

Generally the switching frequency should be at least 10 times higher than the maximum occur-
! ring output frequency of the inverter.

The maximum switching frequency can be read in parameter In03. The inverter can be operated permanently
(independent on temperature and utilization) only with its rated switching frequency (In04).

If a switching frequency is selected in parameter uF11 that is higher than the rated value, an automatic "derat-
ing", i.e. reduction of the switching frequency is carried out depending on the temperature, output frequency
and utilization of the motor. This carrier frequency change-over is generally not good for the control charac-
teristic of the drive. Therefore, the switching frequency uF11 should be as similar as possible to the rated
switching frequency. However, the effects of derating are negligible in many applications.
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16.3.1 Current ripple
The current ripple is a harmonic current which superimposes the sine-wave output current. It is generated by
the clocked output voltage of the frequency inverter. This ripple increases the maximum value of the current
and thus may lead to triggering of the overcurrent error or the hardware current limit, although the displayed
apparent current (ru15) or utilization value (ru13) is significant below this limit.
20
15 T —1 Ay
| [ I [
10 H“J \ ‘Jﬂ H“J \ ‘Jﬂ
1 Base frequency of the 5 ﬁ(“‘] ‘, | ﬁf“‘ ‘, |
phase current ! J VW M J VW
0 } ] \
)(v l )( L,
actual current = base 5l y )‘/n u* V )‘/n
2  frequency with super- A 2 L ﬂM | f L m |
imposed ripple 01 uvw ™ W M ]
-15 “MUN “‘Y/*HV\Y/
20
0.0955 0.096 0.0965 0.097 0.0975 0.098 0.0985 0.099  0.0995
Figure 16.1 Switching frequencies
The size of the current ripple is depending on the switching frequency and the motor inductance. The current
ripple is usually insignificant for standard motors with a power < 50kW and a rated switching frequency of the
unit of min. 4 kHz.
The smaller the leakage inductance (ASM) and/or the winding inductance (SM) the higher the ripple. This is
particularly the case for motors with high power or spindle motors. Therefore the carrier frequency must be
selected as high as possible for these motors.
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17. Gear Factor

171 Definition

The gear factor (ratio drive speed tooutput speed) is defined by two parameters: gear factor numerator and
gear factor denominator

Counter
Gear factor = _—
Numerator

A gear factor can be preset for encoder channel 2.Ec14/Ec15 define the gear factor.

Overview of the parameters for gear factor setting:

Parameter | Description Default
Value range
value
Ec14 Gear 2 numerator 0...30000 1000
Ec15 Gear 2 determinator 1...30000 1000

Setting a gear factor is necessary in the following applications:
* Motor encoder connection via a gear

» If the speed sensor for the motor speed cannot be connected directly to the motor shaft, the gear ratio
between motor and speed sensor must be set.

Channel 2 is an initiator input and can not be used as speed feedback or for the motor model.
The initiator input channel 2 is only available for inverters with CAN control board.
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17.2 Gear factor / analog setting
The gear factor numerator (Ec14) can be changed via the analog parameter setting (see chapter 20.8).

Example:

The target is to be able to adjust the gear factor for encoder channel 2 between 0.9 and 1.1.
Gear factor denominator is chosen as 1000.

The gear factor numerator must also be settable to between 900 and 1100.

The analog setting shall be done via the Aux-input
=>An53 analog parameter setting source = 0: Aux input (ru53)

The target of the setting is Ec.14 gear factor channel 2 numerator (bus address 300Eh)
=> An54 analog parameter setting dest. = 300Eh

For an analog value of 0%, one should have gear factor numerator = 1000
=> An55 analog para. setting offset = 1000

For an analog value of 100%, the gear factor numerator should be 1100
=> An56 analog para. setting max value = 1100

ﬂ With this setting, a gear factor of 0.9 to 1.1 can be set with an Aux value of -100%...100%.
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17.3 Gear factor / set-programming

The gear factor is generally not set-programmable.

There is a workaround in case the application needs a set-dependent gear factor.

One uses the option of analogously setting the gear factor for this purpose. A motorpoti value, which can be
specified set-dependently, is selected as source for the analog parameter setting (not an analog input).

Example:

in set 0 the gear factor should have the value 0.5, in set 1 value 1 and in set 2 value 1.5. Gear factor denomi-
nator is chosen as 1000. Therefore the gear factor numerator must be: in set 0 = 500, in set 1 = 1000, and
in set 2 = 1500.

The analog setting should be done via the motorpoti
=> An53 analog parameter setting source = 1: motorpoti (ru37)

The target of the setting is Ec.14 gear factor channel 2 numerator (bus address 300Eh)
=> An54 analog parameter setting dest. = 300Eh

The value range is symmetrical around 1000 (+/- 500)
=> An55 analog para. setting offset = 1000

The maximum value for the gear factor numerator should be 1500
=> An56 analog para. setting max value = 1500

Set0...2: oP53 motorpoti min. value = -100%
Set0...2: oP54 motorpoti max. value = 100%
Set 0: oP52 motorpoti value = -100%
Set 1: oP52 motorpoti value =0

Set 2: oP52 motorpoti value = 100%
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18.

18.1

18.1.1

Protective Functions

The protective functions protect the inverter against switch off caused by overcurrent, overvoltage as well as
thermal overheating. Furthermore, you can restart the drive after an error automatically (Keep-On-Running).

Error and warning messages

For diagnostic purposes, the inverter displays various malfunction and error messages. Errors are all those
events that trigger an immediate switch-off of the modulation, malfunctions allow a defined response (shut-
down of the drive by abnormal stopping).

For some events (ext. error, bus monitor response, the drive hitting a limit switch, etc.) one can decide in the
programming whether this is an error or a malfunction.

A pre-warning can be generated for some errors (e.g. overload error). This pre-warning is treated like a mal-
function, i.e., the appropriate response to the pre-warning is programmable.

Example 1 (error):

The inverter recognizes overcurrent and changes to error (display in parameter ru00) ,4: ERROR overcur-
rent“. Since this error cannot be predicted, there is no possibililty of a pre-warning. The modulation is switched
off immediately and the drive spins down.

Example 2 (operating condition programmed as error):

The reaction of the bus monitor ("watchdog") shall trigger an error. Programming Pn05: "Watchdog response”
= 0 (error / no auto restart). Display in parameter ru00 ,18: ERROR bus". If a digital output is programmed on
a fault signalling relay, the relay switches.

Example 3 (pre-warning):

When the heat sink temperature exceeds a limit (dependent on the inverter type), the modulation is switched
off, the inverter raises an error. A temperature which generates a pre-warning can be adjusted with Pn11 ,,OH
warning level.

Desired response: when exceeding the temperature of Pn11, the inverter executes an abnormal stop and
switches off the modulation. An automatic restart shall be done if the heat sink temperature decreases. Pro-
gramming Pn10 ,warning OH stop. mode* = 4 (stop/modulation off/ auto restart). Display in parameter ru00:
"A.STOP! overheat pow.mod.”“. If the temperature decreases due to the abnormal stopping, the inverter ex-
ecutes an automatic restart. If, however, the heat sink temperature continues to rise and exceeds the error
limit, the inverter raises an "ERROR 8: overheat pow.mod.

Underpotential

Error ,2: ERROR underpotential” is triggered if the DC link voltage drops due to voltage dips or generally
weak power grid. For this error, the automatic restart can be activated.

Pn36: no PU/E.UP delay time

Value Explanation

0: off Delay time off

Suppression of ,2: Error! underpotential“ and ,,13: ERROR power unit not ready" with inac-
tive control release

.,01...32.00

The following function is activated with parameter Pn84 (value # 0):

with inactive control release ,2: ERROR underpotential“ is not an ERROR (status word), ru00 displays never-
theless 2: ERROR underpotential“. With inactive control release ,13: ERROR power unit not ready” is not an
ERROR (status word), ru00 displays nevertheless error status ,13 power unit not ready®. Other errors (e.g.
"31: ERROR external fault"," 9: ERROR drive overheat") are also triggered.

If the control release is activated ,2: ERROR underpotential" or ,13: ERROR power unit not ready” is trig-
gered after the adjusted time is up, if the condition is still met (DC link too low or LT_OK signal not active).
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18.1.2

18.1.3

18.1.4

18.1.5

If ,2: ERROR underpotential” or ,13: power unit not ready” is once activated as ERROR, the status remains
until reset.

Reset is only possible at activated control release if the DC link is high enough and/or the signal LT_OK is
active.

If the control release is deactivated, status ERROR is deactivated with a reset.

Overvoltage

Error status ,1: ERROR overvpotential® is triggered among others, if the DC link voltage increases beyond
the overvoltage level due to energy recovery in regenerative operation.

Overcurrent

The error status ,4: ERROR overcurrent” is triggered, if the ,OC-tripping current® (see technical data in the
instruction manual power unit G6) is exceeded.

If this error occurs permanently, either the connected motor (short circuit or ground fault) or the inverter itself
is defective.

The "maximum short time current limit" is below the overcurrent limit. If it is exceeded, the hardware current
limit can be triggered with uF15. The response of this function is not regarded as error or malfunction and
the appropriate switching conditions are not set. If the function is active, status ,80: hardware current limit* is
displayed. This function should be deactivated for current controlled drives, since it may have negative effects
for the motor model calculation and the behaviour of the drive.

Overload

The inverter overload protection is a function that triggers an error for which a pre-warning can be generated.
There are two overload protection functions: one for the range of standstill and low frequencies (overload 2)
and one for the remaining frequency range (overload/ OL). A value between 0...100 % which sets the "warn-
ing! overload" or "warning overload 2" can be adjusted with Pn09 ,OL warning level“. The response to the
overload warning is defined with Pn08 "warning OL stop. mode".

Overload in the standstill (OL2)

The motor current is guided via a PT1 link with a time constant of 280 ms. If this delayed current exceeds
the OL2 limit, "19: ERROR overload 2“ is triggered. If the delayed current decreases to 0 again, the inverter
enters the status "20: no ERROR overload 2". The error can now be reset.

Overload (OL)

If the 100% load factor of the inverter is exceeded by 5 %, the internal overload counter starts to count for-
ward. If the load factor falls below 100 %, the counter counts backward. The actual counter reading can be
read in parameter ru39 ,OL counter display“. Upon reaching 100 % in parameter ru39, the inverter switches
off with the error message ,16: ERROR overload“ and the counter counts backward. If it has reached 0 %,
the status changes to ,17: no ERROR overload® and the error can be reset.

Inverter over temperature

Heat sink overtemperature

The heat sink temperature acquisition protects the power module from thermal overload. The temperature
at which the inverter switches off with error message "8: ERROR overheat pow.mod.” is dependent on the
power unit (see technical data in the power unit instruction manual).

After a cooling period the status changes from ,8: ERROR overheat pow.mod.” to ,36: ERROR drive over-
heat® and is therefore resettable.

A level when the adjusted response is triggered between 0° C and 90° C can be adjusted with Pn11 ,OH
warning level®. The response to the warning message is set with Pn10 "warning OH stop. mode".
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18.1.6

18.1.7

Internal overtemperature

The temperature monitoring protects the inverter against malfunction due to high temperatures.

The interior fan is activated in E housing size 19 in case of exceeding a device-specific temperature.

A level when the adjusted response is triggered between 0° C and 90° C can be adjusted with Pn17 ,E.OHI
delay time*“. The response is set with Pn16. Error E.OHI is triggered at 100°C independent of the setting in
Pn16.

External fault

One or more digital inputs can be programmed with Pn04 ,ext. fault input select® which can trigger the error
"31: ERROR external fault".

The response of the inverter to the digital input is defined with Pn03 ,E.EF stopping mode*“. The function of
Pn04 can be changed and the triggering of an error via digital input can be deactivated with Pn65 Bit 1 ,2:
Pn04 = E.UP".

Bus error

The inverter contains two watchdogs that monitor the communication between an external bus, control circuit
and power unit.

The response to a watchdog - error is determined with parameter Pn05 ,E.buS stopping mode*. Dependent
on the selected adjustment, either "18: ERROR bus" (E.buS) or ,93: ABN.STOP bus* is issued or a warning
message via a digital output is generated.

Watchdog time (Pn06)

This watchdog monitors the communication at the control card interface. With activated watchdog, the re-
sponse set in Pn05 is triggered after expiration of an adjustable time (0.01...40 s) without incoming telegram.
The function is deactivated by setting the value "0: off".

Watchdog internal bus (Sy09)

The internal watchdog monitors the communication of the internal HSP5 interface (control card and power
unit). After expiration of an adjustable time (0.01...10 s) without incoming telegrams, the response adjusted in
Pn05 is triggered. Value ,,0: off* in Sy09 deactivates the function.
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18.1.8

Motor protection with temperature sensor

Parameter In17 displays the temperature evaluation installed in the inverter. A switchable KTY / PTC detec-
tion is installed at In17 = 7x hex. This can be set with Pn72 to the corresponding sensor
(0 = KTY; 1 = PTC). If no switchable detection is installed, Pn72 has no function.

Pn72: set prog. spec. functions
Value Function
0 Motor sensor = KTY
1 Motor sensor = PTC
KTY

A temperature in the range of 0... 200° C is defined in Pn62 ,dOH warning level“ and a warning is displayed
if this value is exceeded. The actual temperature is displayed in ru46 "motor temperature"”.

Pn62: dOH warning level

Value range | Function
0...200°C | Adjustable temperature range for the motor temperature level

A temperature evaluation with KTY sensor is only possible in E housing.

If the temperature evaluation displays an overtemperature, then the delay time adjusted in Pn13 ,E.dOH de-
lay time“ starts. The switching condition "96: ABN.STOP drive overheat® of the digital outputs is set and the
adjusted response in Pn12 ,warning dOH stop. mode* is triggered. If a value of 1...5 is selected in Pn12 the
inverter changes into error ,96: ABN.STOP drive overheat”

Error ,9: ERROR drive overheat® is triggered after expiration of the delay time in Pn13.

If the overtemperature condition is past, message ,91: no A. drive overheat" or "no ERROR drive overheat®
is issued. Only then the error can be reset or the automatic restart can be carried out.

© KEB, 2019-03 COMBIVERT G6 199




Protective Functions

18.1.9

PTC

A temperature sensor integrated into the motor winding is connected to the terminals T1/T2 of the inverter.
If a resistance of 1650...4000 Ohm is exceeded, motor overtemperature is detected. If the resistance drops
below 750...1650 Ohm, the state motor overtemperature is reset.

Thermal contact (NC contact)

A thermal contact integrated into the motor winding is connected to the terminals T1/T2 of the inverter. The
opened state is recognised as motor overtemperature.

The motor temperature ru46 only displays T1-T2 closed or T1-T2 open.

Software motor protection (I’t-function)

Additionally to the monitoring of the motor with a temperature sensor, a motor protection can be realised also
by monitoring the motor current.
The monitoring function is implemented differently for asynchronous and synchronous motors.

Emulation of an electronic motor protection relay

The functional description (times, current level, etc.) are found in chapter 18.9 "electronic motor protection".
The response to the triggering of the electronic motor protection relay can be defined with Pn14 ,warning
OH2 stop. mode". Dependent on the programming, the inverter changes to "30: ERROR motor protection®
or ,,97: ABN.STOP motor protect.

After the cooling period, the error or the malfunction, respectively, can be reset.

Motor current monitoring for servo drives

The functional description (times, current level, etc.) are found in chapter 18.9 "electronic motor protection".
When the protection function triggers, the error "30: ERROR motor protection® is triggered. The error is reset-
table after approximately 100 ms.

Alevel of 0...100 % (100% = triggering time of the error) can be adjusted with Pn15 ,0H2 warning level" which
generates a pre-warning.

The response to the pre-warning is set with Pn14 "warning OH2 stop. mode". With this, an abnormal stopping
can be executed before the drive raises an error. During the abnormal stopping, the inverter is in status ,ABN.
STOP motor protection®. Switching condition "10: no ERROR detected" is met at the digital outputs.
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18.1.10

18.1.11

18.1.12

18.1.13

Set selection error

Sets can be locked with FrO3 ,parameter set lock®. If a disabled set is selected, the inverter remains in the
old set, i.e., no set change occurs.

The response to the selection of a locked set is defined with Pn18 ,E.Set stopping mode*®. Error "39: ERROR
set” is triggered in factory setting. Error ,E.Set stopping mode* is generated at Pn18 = 1...5. The drive contin-
ues running in the old set without message at Pn18 = ,6: protecting function off".

Speed limit exceeded

The state ,58: ERROR! overspeed” is triggered, if ru07 ,actual value display” exceeds either the value of
oP40/ oP41 ,max. output value® or the value of ru79 ,abs. speed value EMF* (only for synchronous motors).
The user defines limits with oP40 / oP41 that may not be exceeded by the application under any circumstanc-
es.

ru79 displays the abs. speed for a synchronous motor which, if exceeded, leads to an EMF of the motor high
enough to damage the DC link circuit of the inverter.

Too small distance between maximum set value and speed limit can be the reasons for overspeed, thus
overshoots can trigger an error. Other causes can be (e.g. caused by EMC) malfunctions in the speed meas-
urement or a noisy, insufficiently smoothed speed estimate in the encoderless control (SCL or ASCL).

Speed controller limit reached

Parameter Pn75 ,E.SCL stopping mode" determines how the output should respond if the speed controller
reaches the limit, i.e., if the set torque reaches the maximum possible value. In factory setting, this operating
condition can be applied to a digital output (switching condition "53: speed control in limitation"). With Pn75,
however, it is also possible to execute an abnormal stopping on reaching the torque limit (state ,ABN.STOP
speed ctrl. lim*) or to trigger an error (status ,25: ERROR speed ctrl. lim" / E.SCL)

General power circuit error

Monitors for the internal hardware (e.g. fans) are integrated on some inverter types. If one of these monitoring
circuits reports an error, "12: ERROR power unit” is triggered.
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18.1.14

18.1.15

Phase failure

State ,3: ERROR phase failure” is identified indirectly via the ripples in the DC link voltage.

If one power phase is missing, the waviness in the DC link is considerably increased under load. In no-load
operation or at small load, the error of the power phase is, however, not recognised. For this error, an auto-
matic restart cannot be programmed.

Phase loss detection at the output
If one of the output phases is interrupted during operation, this is detected by the inverter and the error mes-
sage "ERROR output phase fail." is issued.

Pn74 out phase check mode

Pn74: out phase check mode

Value Explanation
0: off The out phase check mode is off
1:0n The out phase check mode is on

The function is active if all following conditions are met:
Parameter Pn74 must be set to 1(on). Bit 0...2 = 0...2 must be set in parameter ¢SO0 for inverter type G6L.
The output frequency at ru03 must be higher than 4Hz. The utilization of ru13 must be higher than 7%.

Due to strong fluctuating load after disconnecting a phase, a tripping time between 250 and 600ms is set.

This function is only available for G6L.

Maximum acceleration exceeded

The maximum permissible acceleration is defined with Pn79 ,acceleration limit 1/s2“. Pn80 ,acceleration
scan time*“ determines the period during which the acceleration value is averaged. The change of the actual
speed (ru07) during this period, divided by the scan time (Pn80) is the actual acceleration. For the calculation
of acceleration, the speed difference must be converted from rpm to 1/s.

Speed change during the scan time (in rpm)

Acceleration =
60 x acceleration scan time (in seconds)

If the acceleration limit (Pn79) is exceeded, the response defined by Pn81 ,warning acc.stop. mode* is trig-
gered. Depending on the programming, the drive changes into status ,,24: ERROR max. acceleration“ (E.Acc)
or ,,106: ABN.STOP max. acceleration” (A.Acc).
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18.2
18.2.1

Response to malfunction messages

Selection of the response

Abnormal stopping (i.e., automatic shutdown of the drive) is possible for all errors that do not enforce imme-
diate shutdown of the modulation or for which pre-warnings can be generated. If abnormal stopping is not
sensible in the application, the possibility to set a digital output is available for many malfunctions.

The response is programmable for the following malfunctions:

- Ext. error Pn03 E.EF stopping mode

- Watchdog Pn05  E.buS stopping mode

- Hardware limit switch Pn07  proh. rot. stopping mode
- Set selection error Pn18  E.Set stopping mode

- Speed controller limit Pn75  E.SCL stopping mode

- Acceleration monitoring Pn81 warning acc.stop mode

Other errors switch off the modulation, but a pre-warnings can be generated prior to their triggering. In the
time between the pre-warning signal and the triggering of the error, the drive can be hut down via abnormal
stopping. The response is programmable:

- Overload Pn08  warning OL stop. mode
- Heat sink overtemperature Pn10  OL warning level
- Internal overtemperature Pn16  warning OHI stop. mode

The motor protection functions can be deactivated. If they are to be used, a pre-warning can be generated
here as well prior to the triggering of an error, providing time to shut down the drive.

- motor protection Pn14  warning OH2 stop. mode
- motor overtemperature Pn12  warning dOH stop. mode

The descriptions of the errors and the corresponding pre-warning signals are contained in chapter 22 "Error
assistance".

The following responses can be used for all malfunctions and errors, respectively:

Pn03, Pn05, Pn07, Pn08, Pn10, Pn12, Pn14, Pn16, Pn18, Pn75, Pn81: Response

Value Explanation
0: ERROR, no auto the malfunction turns into the error (display: ERROR xxx ), immediate shut-
restart down of the modulation, restart only after RESET

Deceleration at the abnormal stopping-ramp or the torque- and current limit,

1: Quickstop, modula- respectively, shutdown of the modulation after reaching speed 0, restart only

tion off, no auto retry

after RESET
2: Quickstop, modula- Deceleration at the abnormal stopping-ramp or the torque- and current limit,
tion on, no auto retry respectively, holding torque after reaching speed 0, restart only after RESET

3: Modulation off, auto Immediate shutdown of the modulation, automatic restart as soon as the mal-
retry function is resolved

Deceleration at the abnormal stopping-ramp or the torque- and current limit,
respectively, shutdown of the modulation after reaching speed 0, automatic
restart, as soon as the malfunction has been resolved

continued on the next page

4: Quickstop, modula-
tion off, auto retry
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18.2.2

18.3

Pn03, Pn05, Pn07, Pn08, Pn10, Pn12, Pn14, Pn16, Pn18, Pn75, Pn81: Response

Value

Explanation

tion on, auto retry

5: Quickstop, modula-

Deceleration at the abnormal stopping-ramp or the torque- and current limit,
respectively, holding torque after reaching speed 0, automatic restart, as soon
as the malfunction has been resolved

Pn03, Pn05, Pn08, Pn10, Pn14, Pn16, Pn75, Pn81: Response

Value

Explanation

6: Warning by

digital output

No response of the drive, the malfunction (or pre-warning) can be output via digital
output

The response to the error message of parameter Pn07 and set selection error can be completely switched off.

Pn07, Pn18: Response

Value

Explanation

6: protecting func-
tion off

The malfunction is ignored, no reaction of the drive, no message possible via digital
output

Pn16: Response

Value

Explanation

7: Error deacti-

vated

No message via digital output.
Error E.OHl is triggered at 100°C independent of the setting in Pn16.

For the malfunction "motor overtemperature”, several additional choices exist:

Pn12: warning dOH stop. mode

digital output

Value Explanation
The motor temperature is monitored, but the drive does not execute an automatic
6: Warning by abnormal stop during the pre-warning time, the pre-warning message can only be is-

sued via a digital output. After expiration of the pre-warning period, the inverter goes
to error ,9: ERROR drive overheat.

bled at modulation
off

7: ERROR disa- Motor temperature is not monitored, errror ,9: ERROR drive overheat” is never trig-
bled gered. No message via digital output possible.
8: ERROR disa- The motor temperature is not monitored during the modulation is switched off. If the

modulation is switched on, monitoring occurs, too. The pre-warning signal and error
,9: ERROR drive overheat” is generated after the pre-warning period.

9: ERROR trig-
gered at modula-

tion off

Warning via dig. output when dOH signal is present (= value 6).
Error is triggered after the pre-warning time has elapsed or when the modulation is

switched off.

Parameterization of the quick stop at malfunction
For parameterization of the quick stop see chapter 18.5

Automatic restart

With the automatic restart, the inverter error automatically resets or automatically terminates the abnormal
stopping caused by a malfunction or pre-warning.
The function can be activated separately for the different errors and malfunctions with the Pn parameters.

The automatic restart only makes sense if the error can be expected based on the application. Normally, the
cause of the error must first be investigated and eliminated before the drive restarts by executing the reset.
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18.3.1

18.3.2

18.3.3

18.3.4

Therefore, it must be selected after which errors an automatic restart should be executed.

Because of the independent starting of the machine safety measures must be provided for
! operating personnel and machine!

Undervoltage error (ERROR underpotential)
The automatic restart for the undervoltage error is activated in the factory setting in Pn00 ,auto retry UP*.

A typical application for the automatic restart E.UP (Pn00) is operation on a bad power grid where sporadic
brownouts are to be expected. With this function, the application continues running as soon as the mains
voltage is sufficiently high again.

A time within the automatic restart is permissible can be defined for the underpotential error.

Pn76: max. E.UP warning time

Value Explanation

0: off If the automatic restart function is activated, it will be carried out always after under-
voltage error (independent of the time the error has been present). The error bit in the
status word Sy44 or Sy51 is set, as long as the inverter is in "ERROR underpotential
(E.UP)".

0.01...32.00s After expiration of this time, no automatic restart is executed. During expiration of
this time, the error bit is not set in the status word Sy44 or Sy51. The status message
in ru00 and the switching condition ,4: ERROR® however display the underpotential
error.

Overvoltage error (ERROR overpotential)

The error overvoltage occurs mostly at high speed. By activation of Pn01 "auto retry OP", it can be avoided
that the drive "spins down" for a long time after this error. This function makes sense only in combination with
the speed search (see chapter 18.6).

The base block time (bbL) is at least 1 second, even if the value in uF12 ,base block time* is smaller. Fur-
thermore, the base block time before the restart is always observed, even if uF13 "base block voltage level"
is undershot.

Overcurrent error (ERROR overcurrent)

The automatic restart after occurence of an o