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1
Introduction to the manual

What this chapter contains
This chapter describes the contents of the manual. It also contains information on the 
compatibility, safety and intended audience.

Applicability
This manual applies to the ACS880 primary control program (version 1.40 or later).

The firmware version of the control program is visible in parameter 07.05 Firmware 
version, or the System info in the main menu on the control panel.

Safety instructions
Follow all safety instructions delivered with the drive.
• Read the complete safety instructions before you install, commission, or use 

the drive. The complete safety instructions are delivered with the drive as either 
part of the Hardware manual, or, in the case of ACS880 multidrives, as a separate 
document.

• Read the firmware function-specific warnings and notes before changing 
parameter values. These warnings and notes are included in the parameter 
descriptions presented in chapter Parameters.

Target audience
This manual is intended for people who design, commission, or operate the drive 
system.



12   Introduction to the manual
Contents of the manual
This manual contains the following chapters:
• Using the control panel provides basic instructions for the use of the control panel.
• Control locations and operating modes describes the control locations and 

operating modes of the drive.
• Program features contains descriptions of the features of the ACS880 primary 

control program.
• Application macros contains a short description of each macro together with a 

connection diagram. Macros are pre-defined applications which will save the user 
time when configuring the drive.

• Parameters describes the parameters used to program the drive.
• Additional parameter data contains further information on the parameters.
• Fault tracing lists the warning and fault messages with possible causes and 

remedies.
• Fieldbus control through the embedded fieldbus interface (EFB) describes the 

communication to and from a fieldbus network using the embedded fieldbus 
interface of the drive.

• Fieldbus control through a fieldbus adapter describes the communication to and 
from a fieldbus network using an optional fieldbus adapter module.

• Drive-to-drive link describes the communication between drives connected 
together by the drive-to-drive (D2D) link.

• Control chain diagrams showing the parameter structure within the drive.

Related documents

Note: A quick start-up sequence for a speed control application is provided by 
ACS880 drives with primary control program, Quick start-up guide 
(3AUA0000098062), delivered with the drive.

A list of related manuals is printed on the inside of the front cover.

Terms and abbreviations
Term/abbreviation Definition

AC 800M Type of programmable controller manufactured by ABB.

ACS-AP-I Type of control panel used with ACS880 drives

AI Analog input; interface for analog input signals

AO Analog output; interface for analog output signals

BCU Type of control unit used in ACS880 drives.

DC link DC circuit between rectifier and inverter
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DDCS Distributed drives communication system; a protocol used in 
optical fiber communication

DI Digital input; interface for digital input signals

DIO Digital input/output; interface that can be used as a digital input 
or output

DO Digital output; interface for digital output signals

Drive Frequency converter for controlling AC motors. The drive 
consists of a rectifier and an inverter connected together by the 
DC link. In drives up to approximately 500 kW, these are 
integrated into a single module (drive module). Larger drives 
typically consist of separate supply and inverter units.
The ACS880 primary control program is used to control the 
inverter part of the drive.

DTC Direct torque control

FBA Fieldbus adapter

FEN-01 Optional TTL encoder interface module

FEN-11 Optional absolute encoder interface module

FEN-21 Optional resolver interface module

FEN-31 Optional HTL encoder interface module

FIO-01 Optional digital I/O extension module

FIO-11 Optional analog I/O extension module

FCAN-0x Optional CANopen adapter

FDCO-0x Optional DDCS communication module

FDNA-0x Optional DeviceNet adapter

FECA-01 Optional EtherCAT® adapter

FENA-11 Optional Ethernet/IP adapter

FLON-0x Optional LONWORKS® adapter

FPBA-0x Optional PROFIBUS DP adapter

FSCA-0x Optional Modbus adapter

FSO-xx Optional safety functions module

HTL High-threshold logic

ID run Motor identification run. During the identification run, the drive 
will identify the characteristics of the motor for optimum motor 
control.

IGBT Insulated gate bipolar transistor; a voltage-controlled 
semiconductor type widely used in inverters and IGBT supply 
units due to their easy controllability and high switching 
frequency

Inverter unit In large drives (> 500 kW approx.), the part of the drive that 
converts DC to AC for the motor. Consists of one or more 
inverter modules and their auxiliary components.

Term/abbreviation Definition
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I/O Input/Output

ISU An IGBT supply unit; type of supply unit implemented using 
IGBT switching components, used in regenerative and low-
harmonic drives.

Line-side converter See supply unit.

LSB Least significant bit

LSW Least significant word

Motor-side converter See inverter unit.

MSB Most significant bit

MSW Most significant word

Network control With fieldbus protocols based on the Common Industrial 
Protocol (CIPTM), such as DeviceNet and Ethernet/IP, denotes 
the control of the drive using the Net Ctrl and Net Ref objects of 
the ODVA AC/DC Drive Profile. For more information, see 
www.odva.org, and the following manuals:
• FDNA-01 DeviceNet adapter module User’s manual 

(3AFE68573360 [English]), and
• FENA-01/-11 Ethernet adapter module User’s manual 

(3AUA0000093568 [English]).

Parameter User-adjustable operation instruction to the drive, or signal 
measured or calculated by the drive

PID controller Proportional–integral–derivative controller. Drive speed control 
is based on PID algorithm.

PLC Programmable logic controller

Power unit Contains the power electronics and power connections of the 
drive (or inverter module). The drive control unit is connected to 
the power unit.

PTC Positive temperature coefficient

RDCO-0x Optional DDCS communication module

RFG Ramp function generator. 

RO Relay output; interface for a digital output signal. Implemented 
with a relay.

SSI Synchronous serial interface

STO Safe torque off

Supply unit In large drives (> 500 kW approx.), the part of the drive that 
converts AC to DC. Consists of one or more supply modules 
and their auxiliary components. An IGBT supply unit (ISU) is 
also capable of feeding regenerative energy back into the 
supply network.

TTL Transistor-transistor logic

UPS Uninterruptible power supply; power supply equipment with 
battery to maintain output voltage during power failure

Term/abbreviation Definition

www.odva.org
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ZCON Type of control board used in ACS880 drives. The board is 
either integrated into the drive module or fitted in a plastic 
housing (see ZCU).

ZCU Type of control unit used in ACS880 drives that consists of a 
ZCON board built into a plastic housing.
The control unit may be fitted onto the drive/inverter module, or 
installed separately.

Term/abbreviation Definition
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2
Using the control panel
Refer to ACS-AP-x assistant control panels user’s manual (3AUA0000085685 
[English]).
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3
Control locations and 
operating modes

What this chapter contains
This chapter describes the control locations and operating modes supported by the 
control program.
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Local control vs. external control
The ACS880 has two main control locations: external and local. The control location 
is selected with the Loc/Rem key on the control panel or in the PC tool.

�„ Local control

The control commands are given from the control panel keypad or from a PC 
equipped with Drive composer when the drive is set to local control. Speed and 
torque control modes are available for local control; frequency mode is available 
when scalar motor control mode is used (see parameter 19.16 Local control mode).

Local control is mainly used during commissioning and maintenance. The control 
panel always overrides the external control signal sources when used in local control. 
Changing the control location to local can be prevented by parameter 19.17 Local 
control disable.

The user can select by a parameter (49.05 Communication loss action) how the drive 
reacts to a control panel or PC tool communication break. (The parameter has no 
effect in external control.)

Control panel or Drive composer 
PC tool (optional)

Fieldbus adapter (Fxxx) or 
DDCS communication 
module

1) Extra inputs/outputs can be added by installing optional I/O extension modules (FIO-xx) in 
drive slots.
2) Encoder or resolver interface module(s) (FEN-xx) installed in drive slots.

MOTOR

PLC

M
3~

I/O 1)

Drive-to-drive (D2D) 
link or 
master/follower link

External control

Local control

Encoder

2)

ACS880
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�„ External control

When the drive is in external control, control commands are given through
• the I/O terminals (digital and analog inputs), or optional I/O extension modules
• an optional fieldbus adapter module
• the external (DDCS) controller interface, and/or
• the master/follower link.

Two external control locations, EXT1 and EXT2, are available. The user can select 
the sources of the start and stop commands separately for each location by 
parameters 20.01…20.10. The operating mode can be selected separately for each 
location, which enables quick switching between different operating modes, for 
example speed and torque control. Selection between EXT1 and EXT2 is done via 
any binary source such as a digital input or fieldbus control word (see parameter 
19.11 Ext1/Ext2 selection). The source of reference is selectable for each operating 
mode separately.
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Operating modes of the drive
The drive can operate in several operating modes with different types of reference. 
The mode is selectable for each control location (Local, EXT1 and EXT2) in 
parameter group 19 Operation mode.

The following is a general representation of the reference types and control chains. 
The page numbers refer to detailed diagrams in chapter Control chain diagrams.

Motor feedback 
configuration

(p 393)

Speed 
reference 

source selection 
I

(p 390)

Speed controller
(p 395)

Speed reference 
source selection 

II
(p 391)

Speed reference 
ramping and 

shaping
(p 392)

Speed error 
calculation

(p 394)

Torque 
reference 

source selection 
and modification

(p 396)

Reference 
selection for 

torque controller 
II

(p 398)

Frequency 
reference 

source selection 
and modification
(pp 401…402)

Reference 
selection for  

torque controller 
I

(p 397)

Torque 
controller

(p 400)

DTC motor 
control mode

Scalar motor 
control mode

Process PID 
setpoint and 

feedback source 
selection
(p 403)

Process PID 
controller
(p 404)

Torque limitation
(p 399)
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�„ Speed control mode

The motor follows a speed reference given to the drive. This mode can be used either 
with estimated speed as feedback, or with an encoder or resolver for better speed 
control accuracy.

Speed control mode is available in both local and external control. It is also available 
both in DTC (Direct Torque Control) and scalar motor control modes.

�„ Torque control mode

Motor torque follows a torque reference given to the drive. Torque control is possible 
without feedback, but is much more dynamic and accurate when used in conjunction 
with a feedback device such as an encoder or a resolver. It is recommended that a 
feedback device is used in crane, winch or lift control situations.

Torque control mode is available in DTC motor control mode for both local and 
external control locations.

�„ Frequency control mode

The motor follows a frequency reference given to the drive. Frequency control is only 
available in scalar motor control mode.

�„ Special control modes

In addition to the control modes mentioned above, the following special control 
modes are available:
• Process PID control. For more information, see section Process PID control (page 

50).
• Emergency stop modes Off1 and Off3: Drive stops along the defined deceleration 

ramp and drive modulation stops.
• Jogging mode: Drive starts and accelerates to the defined speed when the 

jogging signal is activated. For more information, see section Jogging (page 41).
• Power control mode. This mode is used in wind turbine converter applications. 

For more information, refer to the documentation of the wind turbine converter.
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4
Program features

What this chapter contains
The control program contains all of the parameters (including actual signals) within 
the drive. This chapter describes some of the more important functions within the 
control program, how to use them and how to program them to operate.
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Drive configuration and programming
The drive control program is divided into two parts: 
• firmware program
• application program.

The firmware program performs the main control functions, including speed and 
torque control, drive logic (start/stop), I/O, feedback, communication and protection 
functions. Firmware functions are configured and programmed with parameters, and 
can be extended by application programming.

�„ Programming via parameters

Parameters configure all of the standard drive operations and can be set via
• the control panel, as described in chapter Using the control panel

• the Drive composer PC tool, as described in Drive composer user’s manual 
(3AUA0000094606 [English]), or

• the fieldbus interface, as described in chapters Fieldbus control through the 
embedded fieldbus interface (EFB) and Fieldbus control through a fieldbus 
adapter.

All parameter settings are stored automatically to the permanent memory of the drive. 
However, if an external +24 V DC power supply is used for the drive control unit, it is 
highly recommended to force a save by using parameter 96.07 Parameter save 
manually before powering down the control unit after any parameter changes have 
been made.

If necessary, the default parameter values can be restored by parameter 96.06 
Parameter restore.

Application program Firmware

Speed control
Torque control
Frequency control
Drive logic
I/O interface
Fieldbus interface
Protections
Feedback

Standard 
block library

Function block 
program

Drive control program

Parameter 
interface M E
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�„ Application programming

The functions of the firmware program can be extended with application 
programming. (A standard drive delivery does not include an application program.) 
Application programs can be built out of function blocks based on the IEC-61131 
standard.
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Control interfaces

�„ Programmable analog inputs

The control unit has two programmable analog inputs. Each of the inputs can be 
independently set as a voltage (0/2…10 V or -10…10 V) or current (0/4…20 mA) 
input by a jumper or switch on the control unit. Each input can be filtered, inverted 
and scaled. The number of analog inputs can be increased by using FIO-xx I/O 
extensions.

Settings

Parameter group 12 Standard AI (page 112).

�„ Programmable analog outputs

The control unit has two current (0…20 mA) analog outputs. Each output can be 
filtered, inverted and scaled. The number of analog outputs can be increased by 
using FIO-xx I/O extensions.

Settings

Parameter group 13 Standard AO (page 115).

�„ Programmable digital inputs and outputs

The control unit has six digital inputs, a digital start interlock input, and two digital 
input/outputs (I/O that can be set as either an input or an output).

One digital input (DI6) doubles as a PTC thermistor input. See section Motor thermal 
protection (page 61).

Digital input/output DIO1 can be used as a frequency input, DIO2 as a frequency 
output.

The number of digital inputs/outputs can be increased by using FIO-xx I/O 
extensions.

Settings

Parameter groups 10 Standard DI, RO (page 101) and 11 Standard DIO, FI, FO 
(page 107).

�„ Programmable relay outputs

The control unit has three relay outputs. The signal to be indicated by the outputs can 
be selected by parameters.

Relay outputs can be added by using FIO-0x I/O extensions.
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Settings

Parameter group 10 Standard DI, RO (page 101).

�„ Programmable I/O extensions

Inputs and outputs can be added by using FIO-xx I/O extension modules. One to 
three modules can be mounted on the slots of the control unit.

The table below shows the number of I/O on the control unit as well as optional 
FIO-xx I/O extension modules.

Three I/O extension modules can be activated and configured using parameter 
groups 14…16.

Note: Each configuration parameter group contains parameters that display the 
values of the inputs on that particular extension module. These parameters are the 
only way of utilizing the inputs on I/O extension modules as signal sources. To 
connect to an input, choose the setting Other in the source selector parameter, then 
specify the appropriate value parameter (and bit, for digital signals) in group 14, 15 or 
16.

Settings

Parameter groups 14 I/O extension module 1 (page 119), 15 I/O extension module 2 
(page 135) and 16 I/O extension module 3 (page 138).

�„ Fieldbus control

The drive can be connected to several different automation systems through its 
fieldbus interfaces. See chapter Fieldbus control through a fieldbus adapter (page 
375).

Settings

Parameter groups 50 Fieldbus adapter (FBA) (page 253), 51 FBA A settings (page 
261), 52 FBA A data in (page 262), and 53 FBA A data out (page 263), 54 FBA B 
settings (page 263), 55 FBA B data in (page 265), and 56 FBA B data out (page 
265),.

Location
Digital 
inputs

(DI)

Digital I/Os

(DIO)

Analog 
inputs

(AI)

Analog 
outputs 

(AO)

Relay 
outputs 

(RO)

Control unit 6 + DIIL 2 2 2 3

FIO-01 - 4 - - 2

FIO-11 - 2 3 1 -
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�„ Master/follower functionality

General

The master/follower functionality can be used to link several drives together so that 
the load can be evenly distributed between the drives. This is ideal in applications 
where the motors are coupled to each other via gearing, chain, belt, etc.

The external control signals are typically connected to one drive only which acts as 
the master. The master controls up to 10 followers by sending broadcast messages 
over a fiber optic communication link. The master can read feedback signals from up 
to 3 selected followers.

Parameter 60.03 M/F mode defines whether the drive is the master or a follower on 
the communication link. Typically, the speed-controlled process master drive is also 
configured as the master in the communication.

(For example)
Control word

Speed reference
Torque reference

(For example)
Status word

01.01 Motor speed used
01.10 Motor torque %

Master

M
~

M
~

Master/follower link

D
D

C
S

Follower

D
D

C
S

Fieldbus control

External control system (eg. PLC)

Process master

Process follower

Speed-controlled 
master

Torque- or speed-
controlled follower
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The master drive is typically speed-controlled and the other drives follow its torque or 
speed reference. In general, a follower should be
• torque-controlled when the motor shafts of the master and the follower are rigidly 

coupled by gearing, chain etc. so that no speed difference between the drives is 
possible

• speed-controlled when the motor shafts of the master and the follower are flexibly 
coupled so that a slight speed difference is possible. When both the master and 
the follower are speed-controlled, drooping is also typically used (see parameter 
25.08 Drooping rate).

In some applications, both speed control and torque control of the follower are 
required. In those cases, an “on-the-fly” change between speed and torque control 
can be performed via a digital input of the follower. With torque control, follower 
parameter 26.15 Load share can be used to scale the incoming torque reference for 
optimal load sharing between the master and the follower. Pulse encoders are 
recommended to be used in all torque-controlled followers.

If a drive needs to quickly switch between master and follower statuses, one user 
parameter set (see page 70) can be saved with the master settings, another with the 
follower settings. The suitable settings can then be activated using eg. digital inputs.

Communication

The communication on the fiber optic link is based on the DDCS protocol, which 
employs data sets (specifically, data set 41). One data set contains three 16-bit 
words. The contents of the data set are freely configurable, but the data set broadcast 
by the master typically contains the control word, speed reference and torque 
reference, while the followers return a status word with two actual values.

Three words of additional data can optionally be read from each follower. The 
followers from which data is read are selected by parameter 60.14 M/F follower 
selection in the master. In each follower drive, the data to be sent is selected by 
parameters 61.01…61.03. The data is transfered in integer format over the link, and 
then displayed by parameters 62.04…62.12 in the master.

To indicate faults or warnings in the followers, external events (see parameter group 
31 Fault functions) can be used. For example, use bit 3 (Fault) of the status word 
received from a follower (typically parameter 62.04 Follower node 2 data 1 sel) to 
trigger an external event.

Block diagrams of the master/follower communication are presented on pages 405 
and 406.

Construction of the fiber optic link

The master/follower link is formed by connecting the drives together using fiber optic 
cables. Drives with a ZCU-11 or ZCU-13 control unit require an additional FDCO 
DDCS communication module; drives with a BCU-x2 control unit require an RDCO 
module.



32   Program features
Examples of star and ring configurations are shown below. Star configuration requires 
an NDBU-95C DDCS branching unit.

Ring configuration

T = Transmitter; R = Receiver

Follower 2

(ZCU) Control unit

FDCO

RT

Follower 1

(BCU) Control unit

RDCO

RT
CH2

Master

(ZCU) Control unit

FDCO

RT

Follower 3

(ZCU) Control unit

FD
C

O

Follower 1

Star configuration (1)

T = Transmitter
R = Receiver

NDBU

MSTR CH0 CH1 CH2
R T R T R T R T

R
T

(ZCU) Control unit

Follower 2

(BCU) Control unit

RDCO

RT
CH2

FDCO

RT

Master

(ZCU) Control unit

FDCO

RT
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Example parameter settings

The following is a checklist of parameters that need to be set when configuring the 
master/follower link. In this example, the master broadcasts the control word, a speed 
reference and a torque reference. The follower returns a status word and two actual 
values (this is not compulsory but is shown for clarity).

Master settings:
• Master/follower link activation

• 60.01 M/F communication port (fiber optic channel selection)
• (60.02 M/F node address = 1)
• 60.03 M/F mode = Master

• Data to be broadcast to the followers
• 61.01 M/F data 1 selection = CW 16bit (control word)
• 61.02 M/F data 2 selection = Other - 24.01 Used speed reference [16-bit 

integer] (speed reference)
• 61.03 M/F data 3 selection = Other - 26.01 Torque reference to TC [16-bit 

integer] (torque reference)
• Data to be read from the followers (optional)

• 60.14 M/F follower selection (selection of followers that data is read from)
• 62.04 Follower node 2 data 1 sel … 62.12 Follower node 4 data 3 sel 

(mapping of data received from followers)

Follower 3

(ZCU) Control unit

FD
C

O

Follower 1

Star configuration (2)

T = Transmitter
R = Receiver

NDBU

CHx CHx
R T R T

R
T

(ZCU) Control unit

Follower 2

(BCU) Control unit

RDCO

RT
CH2

FDCO

RT

Master

(ZCU) Control unit

FDCO

RT

CHx CHx
R T R T

X13 = REGEN
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Follower settings:
• Master/follower link activation

• 60.01 M/F communication port (fiber optic channel selection)
• 60.02 M/F node address = 2…60
• 60.03 M/F mode = Follower

• Mapping of data received from master
• 62.01 M/F data 1 selection = CW 16bit
• 62.02 M/F data 2 selection = Ref1 16bit
• 62.03 M/F data 3 selection = Ref2 16bit

• Selection of control location
• 20.01 Ext1 commands = D2D or M/F link
• 20.02 Ext1 start trigger type = Level

• Selection of reference sources
• 22.11 Speed ref1 source = D2D or M/F reference 1
• 26.11 Torque ref1 source = D2D or M/F reference 2

• Selection of data to be sent to master (optional)
• 61.01 M/F data 1 selection = SW 16bit
• 61.02 M/F data 2 selection = Act1 16bit
• 61.03 M/F data 3 selection = Act2 16bit

Specifications of the master/follower link

• Maximum fiber optic cable length:
• FDCO-01/02 with POF (Plastic Optic Fiber): 30 m
• FDCO-01/02 with HCS (Hard-clad Silica Fiber): 200 m
• RDCO-04 (with BCU-x2 only) with POF (Plastic Optic Fiber): 10 m
• For distances up to 1000 m, use two NOCR-01 optical converter/repeaters 

with glass optic cable (GOF, 6.25 micrometers, Multi-Mode)
• Transmission rate: 4 Mbit/s
• Total performance of the link: < 5 ms to transfer references between the master 

and followers.
• Protocol: DDCS (Distributed Drives Communication System)

Settings and diagnostics

Parameter groups 60 DDCS communication (page 266), 61 D2D and DDCS transmit 
data (page 272) and 62 D2D and DDCS receive data (page 274).

�„ External controller interface

General

The drive can be connected to an external controller (such as the ABB AC 800M) 
using fiber optic cables. Drives with a ZCU-xx control unit require an additional FDCO 
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DDCS communication module; drives with a BCU-x2 control unit require an RDCO 
module.

Topology

An example connection with either a ZCU-based or BCU-based drive is shown below. 
Ring and star configurations are also possible much in the same way as with the 
master/follower link (see section Master/follower functionality on page 30); the 
notable difference is that the external controller connects to channel CH0 on the 
RDCO board instead of CH2. With ZCU-based drives, the channel on the FDCO 
communication module can be freely selected.

Communication

The communication between the controller and the drive consists of data sets of three 
16-bit words each. The controller sends a data set to the drive, which returns the next 
data set to the controller.

The communication uses data sets 10…33. Data sets with even numbers are sent by 
the controller to the drive, while data sets with odd numbers are sent by the drive to 
the controller. The contents of the data sets are freely configurable, but data set 10 
typically contains the control word and one or two references, while data set 11 
returns the status word and selected actual values.

The word that is defined as the control word is internally connected to the drive logic; 
the coding of the bits is as presented in section Contents of the fieldbus Control word 
(page 381). Likewise, the coding of the status word is as shown in section Contents of 
the fieldbus Status word (page 382).

By default, data sets 32 and 33 are dedicated for the mailbox service, which enables 
the setting or inquiry of parameter values as follows:

T = Transmitter; R = Receiver

ACS880

(BCU) Control unit

RDCO
CH0

Controller

RT RT

ACS880

(ZCU) Control unit

FDCO

RT
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By parameter 60.64 Mailbox dataset selection, data sets 24 and 25 can be selected 
instead of data sets 32 and 33.

Settings

Parameter groups 60 DDCS communication (page 266), 61 D2D and DDCS transmit 
data (page 272) and 62 D2D and DDCS receive data (page 274).
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Data set

Data set

Data set

Data set

Data set

Data set

Par. Value

Parameter write to drive

Parameter read from drive

Transmit address
Value = 1901
Transmit data
Value = 1234
Transmit address
feedback
Value = 1901

Inquire address
Value = 2403
Inquired data
Value = 4300
Inquire address
feedback
Value = 2403

Controller ACS880
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Motor control

�„ Direct torque control (DTC)

The motor control of the ACS880 is based on direct torque control (DTC), the ABB 
premium motor control platform. The switching of the output semiconductors is 
controlled to achieve the required stator flux and motor torque. The switching 
frequency is changed only if the actual torque and stator flux values differ from their 
reference values by more than the allowed hysteresis. The reference value for the 
torque controller comes from the speed controller or directly from an external torque 
reference source.

Motor control requires measurement of the DC voltage and two motor phase 
currents. Stator flux is calculated by integrating the motor voltage in vector space. 
Motor torque is calculated as a cross product of the stator flux and the rotor current. 
By utilizing the identified motor model, the stator flux estimate is improved. Actual 
motor shaft speed is not needed for the motor control.

The main difference between traditional control and DTC is that torque control 
operates at the same time level as the power switch control. There is no separate 
voltage and frequency controlled PWM modulator; the output stage switching is 
wholly based on the electromagnetic state of the motor.

The best motor control accuracy is achieved by activating a separate motor 
identification run (ID run).

See also section Scalar motor control (page 44).

Settings

Parameters 99.04 Motor control mode (page 303) and 99.13 ID run requested (page 
305).

�„ Reference ramping

Acceleration and deceleration ramping times can be set individually for speed, torque 
and frequency reference.

With a speed or frequency reference, the ramps are defined as the time it takes for 
the drive to accelerate or decelerate between zero speed or frequency and the value 
defined by parameter 46.01 Speed scaling or 46.02 Frequency scaling. The user can 
switch between two preset ramp sets using a binary source such as a digital input. 
For speed reference, also the shape of the ramp can be controlled.

With a torque reference, the ramps are defined as the time it takes for the reference 
to change between zero and nominal motor torque (parameter 01.30 Nominal torque 
scale).
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Special acceleration/deceleration ramps

The acceleration/deceleration times for the jogging function can be defined 
separately; see section Jogging (page 41).

The change rate of the motor potentiometer function (page 44) is adjustable. The 
same rate applies in both directions.

A deceleration ramp can be defined for emergency stop (“Off3” mode).

Settings

• Speed reference ramping: Parameters 23.11…23.19 and 46.01 
(pages 164 and 247).

• Torque reference ramping: Parameters 01.30, 26.18 and 26.19 
(pages 92 and 179).

• Frequency reference ramping: Parameters 28.71…28.75 and 46.02 
(pages 187 and 248).

• Jogging: Parameters 23.20 and 23.21 (page 167).
• Motor potentiometer: Parameter 22.75 (page 163).
• Emergency stop (“Off3” mode): Parameter 23.23 Emergency stop time 

(page 167).

�„ Constant speeds/frequencies

Constant speeds and frequencies are predefined references that can be quickly 
activated, for example, through digital inputs. It is possible to define up to 7 constant 
speeds for speed control and 7 constant frequencies for frequency control.

WARNING: Constant speeds and frequencies override the normal reference 
irrespective of where the reference is coming from.

Settings

Parameter groups 22 Speed reference selection (page 156) and 28 Frequency 
reference chain (page 182).

�„ Critical speeds/frequencies

Critical speeds (sometimes called “skip speeds”) can be predefined for applications 
where it is necessary to avoid certain motor speeds or speed ranges because of, for 
example, mechanical resonance problems.

The critical speeds function prevents the reference from dwelling within a critical band 
for extended times. When a changing reference (22.87 Speed reference act 7) enters 
a critical range, the output of the function (22.01 Speed ref unlimited) freezes until the 
reference exits the range. Any instant change in the output is smoothed out by the 
ramping function further in the reference chain.
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The function is also available for scalar motor control with a frequency reference. The 
input of the function is shown by 28.96 Frequency ref act 7, the output by 28.97 
Frequency ref unlimited.

Example

A fan has vibrations in the range of 540 to 690 rpm and 1380 to 1560 rpm. To make 
the drive avoid these speed ranges,
• enable the critical speeds function by turning on bit 0 of parameter 22.51 Critical 

speed function, and
• set the critical speed ranges as in the figure below.

Settings

• Critical speeds: parameters 22.51…22.57 (page 161)
• Critical frequencies: parameters 28.51…28.57 (page 186).

540

690

1380

1560

1 Par. 22.52 = 540 rpm

2 Par. 22.53 = 690 rpm

3 Par. 22.54 = 1380 rpm

4 Par. 22.55 = 1560 rpm

1 2 3 4

22.01 Speed ref unlimited (rpm)
(output of function)

22.87 Speed reference act 7 (rpm)
(input of function)



40   Program features
�„ Rush control

In torque control, the motor could potentially rush if the load were suddenly lost. The 
control program has a rush control function that decreases the torque reference 
whenever the motor speed exceeds 30.11 Minimum speed or 30.12 Maximum speed.

The function is based on a PI controller. The proportional gain and integration time 
can be defined by parameters.

Settings

Parameters 26.81 Rush control gain and 26.82 Rush control integration time (page 
181).

�„ Encoder support

The program supports two single-turn or multiturn encoders (or resolvers). The 
following optional interface modules are available:
• TTL encoder interface FEN-01: two TTL inputs, TTL output (for encoder 

emulation and echo) and two digital inputs for position latching
• Absolute encoder interface FEN-11: absolute encoder input, TTL input, TTL 

output (for encoder emulation and echo) and two digital inputs for position latching
• Resolver interface FEN-21: resolver input, TTL input, TTL output (for encoder 

emulation echo) and two digital inputs for position latching
• HTL encoder interface FEN-31: HTL encoder input, TTL output (for encoder 

emulation and echo) and two digital inputs for position latching.

The interface module can be installed onto any option slot on the drive control unit, or 
onto an FEA-xx extension adapter.

Motor speed

Time

Overspeed trip level

Overspeed trip level

31.30 Overspeed trip margin

0

31.30 Overspeed trip margin

30.12

30.11

Rush control active
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Quick configuration of HTL encoder feedback

1. Specify the type of the encoder interface module (parameter 91.11 Module 1 type 
= FEN-31) and the slot the module is installed into (91.12 Module 1 location).

2. Specify the type of the encoder (92.01 Encoder 1 type = HTL). The parameter 
listing will be re-read from the drive after the value is changed.

3. Specify the interface module that the encoder is connected to (92.02 Encoder 1 
source = Module 1).

4. Set the number of pulses according to encoder nameplate (92.10 Pulses/rev).

5. If the encoder rotates at a different speed to the motor (ie. is not mounted directly 
on the motor shaft), enter the gear ratio in 90.43 Motor gear numerator and 
90.44 Motor gear denominator.

6. Set parameter 91.10 Encoder parameter refresh to Configure to apply the new 
parameter settings. The parameter will automatically revert to Done.

7. Check that 91.02 Module 1 status is showing the correct interface module type 
(FEN-31). Also check the status of the module; both LEDs should be glowing 
green.

8. Start the motor with a reference of eg. 400 rpm.

9. Compare the estimated speed (01.02 Motor speed estimated) with the measured 
speed (01.04 Encoder 1 speed filtered). If the values are the same, set the 
encoder as the feedback source (90.41 Motor feedback selection = Encoder 1).

10. Specify the action taken in case the feedback signal is lost (90.45 Motor feedback 
fault).

Settings

Parameter groups 90 Feedback selection (page 279), 91 Encoder module settings 
(page 283), 92 Encoder 1 configuration (page 285) and 93 Encoder 2 configuration 
(page 290).

�„ Jogging

The jogging function enables the use of a momentary switch to briefly rotate the 
motor. The jogging function is typically used during servicing or commissioning to 
control the machinery locally.

Two jogging functions (1 and 2) are available, each with their own activation sources 
and references. The signal sources are selected by parameters 20.26 Jogging 1 start 
source and 20.27 Jogging 2 start source. When jogging is activated, the drive starts 
and accelerates to the defined jogging speed (22.42 Jogging 1 ref or 22.43 Jogging 2 
ref) along the defined jogging acceleration ramp (23.20 Acc time jogging). After the 
activation signal switches off, the drive decelerates to a stop along the defined 
jogging deceleration ramp (23.21 Dec time jogging).
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The figure and table below provide an example of how the drive operates during 
jogging. In the example, the ramp stop mode is used (see parameter 21.03 Stop 
mode).

Jog cmd = State of source set by 20.26 Jogging 1 start source or 20.27 Jogging 2 
start source
Jog enable = State of source set by 20.25 Jogging enable
Start cmd = State of drive start command.

Phase Jog 
cmd

Jog 
enable

Start 
cmd Description

1-2 1 1 0 Drive accelerates to the jogging speed along the acceleration 
ramp of the jogging function.

2-3 1 1 0 Drive follows the jog reference.

3-4 0 1 0 Drive decelerates to zero speed along the deceleration ramp 
of the jogging function.

4-5 0 1 0 Drive is stopped.

5-6 1 1 0 Drive accelerates to the jogging speed along the acceleration 
ramp of the jogging function. 

6-7 1 1 0 Drive follows the jog reference.

7-8 0 1 0 Drive decelerates to zero speed along the deceleration ramp 
of the jogging function.

8-9 0 1->0 0 Drive is stopped. As long as the jog enable signal is on, start 
commands are ignored. After jog enable switches off, a fresh 
start command is required.

9-10 x 0 1 Drive accelerates to the speed reference along the selected 
acceleration ramp (parameters 23.11…23.19).

10-11 x 0 1 Drive follows the speed reference.

11-12 x 0 0 Drive decelerates to zero speed along the selected 
deceleration ramp (parameters 23.11…23.19).

2 31 4 5 6 8 11 13 1415 16 t7 189 1210 17

Jog cmd

Jog enable

Start cmd

Speed
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See also the block diagram on page 392.

Notes:
• Jogging is not available when the drive is in local control.
• Jogging cannot be enabled when the drive start command is on, or the drive 

started when jogging is enabled. Starting the drive after the jog enable switches 
off requires a fresh start command.

WARNING! If jogging is enabled and activated while the start command is on, 
jogging will activate as soon as the start command switches off.

• If both jogging functions are activated, the one that was activated first has priority.
• Jogging uses the speed control mode.
• Ramp shape times (parameters 23.16…23.19) do not apply to jogging 

acceleration/deceleration ramps.
• The inching functions activated through fieldbus (see 06.01 Main control word, 

bits 8…9) use the references and ramp times defined for jogging, but do not 
require the jog enable signal.

Settings

Parameters 20.25 Jogging enable (page 150), 20.26 Jogging 1 start source (page 
150), 20.27 Jogging 2 start source (page 151), 22.42 Jogging 1 ref (page 161), 22.43 
Jogging 2 ref (page 161), 23.20 Acc time jogging (page 167) and 23.21 Dec time 
jogging (page 167).

12-13 x 0 0 Drive is stopped.

13-14 x 0 1 Drive accelerates to the speed reference along the selected 
acceleration ramp (parameters 23.11…23.19).

14-15 x 0->1 1 Drive follows the speed reference. As long as the start 
command is on, the jog enable signal is ignored. If the jog 
enable signal is on when the start command switches off, 
jogging is enabled immediately.

15-16 0->1 1 0 Start command switches off. The drive starts to decelerate 
along the selected deceleration ramp (parameters 
23.11…23.19).
When the jog command switches on, the decelerating drive 
adopts the deceleration ramp of the jogging function.

16-17 1 1 0 Drive follows the jog reference.

17-18 0 1->0 0 Drive decelerates to zero speed along the deceleration ramp 
of the jogging function.

Phase Jog 
cmd

Jog 
enable

Start 
cmd Description
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12
Control chain diagrams

What this chapter contains
The chapter presents the reference chains of the drive. The control chain diagrams 
can be used to trace how parameters interact and where parameters have an effect 
within the drive parameter system.

For a more general diagram, see section Operating modes of the drive (page 22).
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Frequency reference selection
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406   Control chain diagrams
Master/Follower communication II (Follower)
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Further information

Product and service inquiries
Address any inquiries about the product to your local ABB representative, quoting 
the type designation and serial number of the unit in question. A listing of ABB sales, 
support and service contacts can be found by navigating to www.abb.com/drives and 
selecting Sales, Support and Service network.

Product training
For information on ABB product training, navigate to www.abb.com/drives and select 
Training courses.

Providing feedback on ABB Drives manuals
Your comments on our manuals are welcome. Go to www.abb.com/drives and select 
Document Library – Manuals feedback form (LV AC drives).

Document library on the Internet
You can find manuals and other product documents in PDF format on the Internet. 
Go to www.abb.com/drives and select Document Library. You can browse the library 
or enter selection criteria, for example a document code, in the search field.

http://www.abb.com/drives
http://www.abb.com/drives
http://www.abb.com/drives
http://www.abb.com/drives
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