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Safety instructions

Contents of this chapter
This chapter contains the safety instructions which you must obey when you install,
start-up, operate and do maintenance work on the drive. If you ignore the safety
instructions, injury, death or damage can occur.

Safety messages
These safetymessages help toprevent personal injury anddamage to the equipment.
The hazard levels comply with standard ANSI Z535.6.

The manual uses these warning symbols:

DANGER Indicates a hazardous situation which, if not avoided, will result
in death or serious injury.

WARNING Indicates ahazardous situationwhich, if not avoided, could result
in death or serious injury.

CAUTION Indicates a hazardous situationwhich, if not avoided, could result
in minor or moderate injury.

NOTICE Is used to address practices not related to physical injury, but which can
result in equipment damage.

1
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General safety in installation, start-up and maintenance
These instructions are for all persons who do work on the drive.

WARNING Obey these instructions. If you ignore them, injury or death, or
damage to the equipment can occur.

• Keep the drive in its package until you install it. After unpacking, protect the drive
from dust, debris and moisture.

• Use the requiredpersonal protective equipment: safety shoeswithmetal toe cap,
safety glasses, protective gloves and long sleeves, hearing protection, etc. Some
parts have sharp edges.

• Use a lifting device to lift a heavy drive. Use the designated lifting points. Refer
to the dimension drawings.

• Be careful when handling a tall module. The module overturns easily because it is
heavy andhas ahigh center of gravity.Whenever possible, secure themodulewith
chains. Do not leave an unsupported module unattended especially on a sloping
floor.

• Beware of hot surfaces. Some parts, such as heatsinks of power semiconductors,
and brake resistors, remain hot for a while after disconnection of the electrical
supply.

• Vacuum clean the area around the drive before the start-up to prevent the drive
cooling fan from drawing the dust inside the drive.

• Make sure that debris from drilling, cutting and grinding does not enter the drive
during the installation. Electrically conductive debris inside the drive may cause
damage or malfunction.

• Make sure that there is sufficient cooling. See the technical data.

• Before you connect voltage to the drive, make sure that all covers are in place. Do
not remove the covers when voltage is connected.

• Before you adjust the drive operation limits, make sure that the motor and all
driven equipment can operate throughout the set operation limits.

• Before you activate the automatic fault reset or automatic restart functions of
the drive control program, make sure that no dangerous situations can occur.
These functions reset the drive automatically and continue operation after a fault
or supply break. If these functions are activated, the installation must be clearly
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marked as defined in IEC/EN 61800-5-1, subclause 6.5.3, for example, "THIS
MACHINE STARTS AUTOMATICALLY".

• The maximum drive power cycle is five times in ten minutes. Power cycling the
drive too often can damage the charging circuit of the DC capacitors.

• Beware of hot air exiting from the air outlets.

• Do not cover the air inlet or outlet when the drive is running.

Note:

• If you select an external source for the start command and it is on, the drive will
start immediately after fault reset unless you configure the drive for pulse start.
See the firmware manual.

• If the drive is in remote control mode, you cannot stop or start the drive with the
control panel.

• Only authorized persons are allowed to repair a malfunctioning drive.

General safety in operation
These instructions are for all personnel that operate the drive.

WARNING Obey these instructions. If you ignore them, injury or death, or
damage to the equipment can occur.

• If you have a cardiac pacemaker or other electronicmedical device, do not go near
the motor, drive, and the drive power cabling when the drive is in operation. The
equipment produces electromagnetic fields that can cause interference in
electronic medical devices. This can cause a health hazard.

• Give a stop command to the drive before you reset a fault. If you have an external
source for the start command and the start is on, the drive will start immediately
after the fault reset, unless you configure thedrive for pulse start. See the firmware
manual.

• Before you activate the automatic fault reset or automatic restart functions of
the drive control program, make sure that no dangerous situations can occur.
These functions reset the drive automatically and continue operation after a fault
or supply break.

Note:

• The maximum drive power cycle is five times in ten minutes. Power cycling the
drive too often can damage the charging circuit of the DC capacitors. If you need
to start or stop the drive, use the control panel keys or commands through the
I/O terminals of the drive.

• If the drive is in remote control mode, you cannot stop or start the drive with the
control panel.
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Electrical safety in installation, start-up andmaintenance

￭ Electrical safety precautions
Theseelectrical safetyprecautions are for all personswhodoworkon thedrive,motor
cable or motor.

WARNING Obey these instructions. If you ignore them, injury or death, or
damage to the equipment can occur. If you are not a qualified electrical
professional, do not do electrical installation or maintenance work. Do these
steps before you do installation or maintenance work.

1. Prepare for the work.
• Make sure that you have a work order.
• Do an on-site risk assessment or job hazard analysis.
• Make sure that you have the correct tools available.
• Make sure that the workers are qualified.
• Select the correct personal protective equipment (PPE).
• Stop the drive and motor(s).

2. Clearly identify the work location and equipment.

3. Disconnect all possible voltage sources.Make sure that connection is not possible.
Lock out and tag out.
• Open the main disconnecting device of the drive.
• If there is a permanentmagnetmotor connected to the drive, disconnect the

motor from the drive with a safety switch or by other means.
• Open the main isolating device of the drive.
• Disconnect all dangerous external voltages from the control circuits.
• After you disconnect power from the drive, wait 5 minutes to let the

intermediate circuit capacitors discharge before you continue.

4. Protect other energizedparts in thework location against contact and take special
precautions when close to bare conductors.

5. Measure that the installation is de-energized. Use a high-quality voltage tester.
Before and after you measure the installation, verify the operation of the
voltage tester on a known voltage source.

•

• Make sure that the voltage between the input power terminals of the drive
(L1, L2, L3) and the grounding (PE) busbar is zero.

• Make sure that the voltage between the output power terminals of the drive
(U, V, W) and the grounding (PE) busbar is zero.

• Make sure that the voltage between the drive DC terminals (UDC+ and UDC-)
and the grounding (PE) terminal is zero.

Note: If cables are not connected to the drive DC terminals, measuring the
voltage from the DC terminal screws can give incorrect results.

6. Install temporary grounding as required by the local regulations.

7. Ask for a permit to work from the person that is responsible for the electrical
installation work.
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￭ Additional instructions and notes

WARNING Obey these instructions. If you ignore them, injury or death, or
damage to the equipment can occur.

If you are not a qualified electrical professional, do not do installation or
maintenance work.

• Make sure that the electrical power network,motor/generator, andenvironmental
conditions agree with the drive data.

• Do not do insulation or voltage withstand tests on the drive.

• If you have a cardiac pacemaker or other electronicmedical device, do not go near
the motor, drive, and the drive power cabling when the drive is in operation. The
equipment produces electromagnetic fields that can cause interference in
electronic medical devices. This can cause a health hazard.

Note:

• When the drive is connected to the input power, the motor cable terminals and
the DC bus are at a dangerous voltage.
The brake circuit, including the brake chopper and brake resistor (if installed) are
also at a dangerous voltage.
After disconnecting the drive from the input power, these remain at a dangerous
voltage until the intermediate circuit capacitors have discharged.

• External wiring can supply dangerous voltages to the relay outputs of the control
units of the drive.

• The terminals from34 to38donot remove the voltage fromthemain andauxiliary
circuits. These terminals are not effective against deliberate sabotage ormisuse.

Printed circuit boards

NOTICE Use an antistatic wrist strap when you handle printed circuit boards. Do
not touch theboardsunnecessarily. Theboardsare sensitive toelectrostatic discharge.

￭ Grounding
These instructions are for all persons who are responsible for the grounding of the
drive.

WARNING Obey these instructions. If you ignore them, injury or death, or
equipment malfunction can occur, and electromagnetic interference can
increase.

If you are not a qualified electrical professional, do not do grounding work.

• Always ground the drive, the motor and adjoining equipment. This is necessary
for personnel safety.

• Makesure that the conductivity of theprotective earth (PE) conductors is sufficient
and that other requirements aremet. Refer to the electrical planning instructions
of the drive. Obey the applicable national and local regulations.
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• When you use shielded cables, make a 360° grounding of the cable shields at the
cable entries to reduce electromagnetic emission and interference.

• In a multiple-drive installation, connect each drive separately to the protective
earth (PE) busbar of the power supply.
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Introduction to the manual

Contents of this chapter
This chapter describes the purpose, applicability, available frame sizes, and target
audience of the manual. It contains a flowchart of steps in examining the delivery,
installing and commissioning the drive. The flowchart refers to chapters/sections in
this manual and in other manuals.

Applicability
This manual applies to the ACH531-01 drives.

Target audience
Thismanual is intended for people who plan the installation, install, commission, and
domaintenance work on the drive, or create instructions for the end user of the drive
concerning the installation and maintenance of the drive.

Read the manual before you do work on the drive. You are expected to know the
fundamentals of electricity, wiring, electrical components, and electrical schematic
symbols.

Purpose of the manual
Thismanual provides information needed for planning the installation, installing, and
servicing the drive.

Categorization by frame size
The ACH531-01 is manufactured in frames (frame sizes) R1…R9. Some instructions
and other information that concern only certain frames are marked with the symbol
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of the frame (R1…R9). The frame ismarked on the type designation label of the drive,
refer Type designation label (page 32).

Quick installation and commissioning flowchart

ReferTask

Type designation label (page 32)Identify the frame of your drive: R1…R9.

Guidelines for planning the electrical installa-
tion (page 55)

Plan the installation: select the cables, etc.

Examine the ambient conditions, ratings and re-
quired cooling air flow. Technical data (page 143)

Mechanical installation (page 37)Unpack and examine the drive.

Make sure that all necessary optional modules and
equipment are present and correct.

IEC:Groundingsystemcompatibility check (page75)If thedrivewill be connected toanother systemthan
symmetrically grounded TN-S system: Examine if
you must disconnect the EMC filter or ground-to-
phase varistor.

Mechanical installation (page 37)Install the drive on a wall.

Routing the cables (page 65)Route the cables.

IEC: Measuring the insulation (page 74)Measure the insulation of the input cable and the
motor and the motor cable.

IEC: Connecting the power cables (page 83)Connect the power cables.

IEC: Connecting the control cables (page 98)Connect the control cables.

Installation checklist (page 125)Check the installation.

ACH531 HVAC control program firmware manual
(3AXD50000810710 [English]).

Commission the drive.

Terms and abbreviations

DescriptionTerm

Assistant control panel with Hand-Off-Auto functionalityACH-AP-H
Assistant control panelwithHand-Off-Auto functionality andBluetooth interfaceACH-AP-W
A network protocol (Building Automation and Control Networks)BACnet™
Conducts the surplus energy from the intermediate circuit of the drive to the
brake resistor when necessary. The chopper operates when the DC link voltage
exceeds a certainmaximum limit. The voltage rise is typically caused by deceler-
ation (braking) of a high inertia motor.

Brake chopper

Dissipates the drive surplus braking energy conducted by the brake chopper to
heat

Brake resistor
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DescriptionTerm

CAIO-01 optional bipolar analog input and unipolar analog output extension
module

CAIO-01

The capacitors connected to the DC linkCapacitor bank
Configuration adapterCCA-01
Communication adapter moduleCDPI-01
115/230 V digital input extension moduleCHDI-01
Multifunction extensionmodule (external 24 V AC/DC and digital I/O extension)CMOD-01
Multifunction extensionmodule (external 24VAC/DCand isolatedPTC interface)CMOD-02
Enclosure that contains the control board and related connector boards. The
term is also used as a synonym for the control board.

Control unit

Multifunction extension module (external 24 V and ATEX/UKEX-certified PTC
interface)

CPTC-02

DC circuit between rectifier and inverterDC link
Energy storage which stabilizes the intermediate circuit DC voltageDC link capacitors
Mounting platform for control panel (flush mounting)DPMP-01
Mounting platform for control panel (surface mounting)DPMP-02, DPMP-03
Optional mounting platform for door mounting of control panelDPMP-EXT
Frequency converter for controlling AC motorsDrive
Embedded fieldbusEFB
Electromagnetic compatibilityEMC
Fieldbus adapterFBA
BACnet/IP adapter moduleFBIP-21
Optional Ethernet adapter module for EtherNet/IP™FEIP-21
Optional Ethernet adaptermodule for EtherNet/IP™,ModbusTCPandPROFINET
IO protocols, 2-port

FENA-21

Optional Ethernet POWERLINK adapter moduleFEPL-02
Optional LonWorks® adapter moduleFLON-01
Optional Modbus RTU adapter moduleFMBA-01
Optional Ethernet adapter module for Modbus TCP protocolFMBT-21
Optional PROFIBUS DP® adapter moduleFPBA-01
Optional PROFINET IO adapter moduleFPNO-21
Physical size of the drive or power moduleFrame, frame size
Optional RS-485 (Modbus/RTU) adapterFSCA-01
Insulated gate bipolar transistorIGBT
DC circuit between rectifier and inverterIntermediate circuit
Inverter module(s) under control of one control unit, and related components.
One inverter unit typically controls one motor.

Inverter unit

A networking platformLonWorks®
Remote monitoring toolNETA-21
With fieldbus protocols based on the Common Industrial Protocol (CIP™), such
asDeviceNet andEthernet/IP, denotes the control of the drive using theControl
Supervisor and AC/DC drive objects of the ODVA AC/DC Drive Profile. For more
information, refer to www.odva.org.

Network control

In thedrive or converter control program, parameter is a user-adjustable setting,
or a read-only monitoring signal.
In some (for example fieldbus) contexts, a value that canbeaccessedasanobject.
For example, variable, constant, or signal.

Parameter

Programmable logic controllerPLC
Positive temperature coefficientPTC
Converts alternating current and voltage to direct current and voltageRectifier
Safe torque off (IEC/EN 61800-5-2)STO
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Related documents

Code (English/
Multilingual)

Name

Drive manuals and guides

3AXD50000810710ACH531 HVAC control program firmware manual

3AXD50000815319ACH531-01 drives hardware manual

3AXD50000815333ACH531-01 Drive Quick installation and start-up guide Frames R1 to R5

3AXD50000728190ACH531-01 Drive Quick installation and start-up guide R6 to R9

3AXD50000032527ACS-BP-S Basic control panel user’s manual

3AUA0000107668Drive modules cabinet design and construction instructions

3AXD50000523191Installationofdrivemodule framesR6 toR9 inRittal VX25enclosure supplement

3AXD50000645015Alternate Fuses, MMPs and Circuit Breakers for ABB Drives

Option manuals and guides

3AUA0000136205DPMP-02/03 mounting platform for control panels

3AFE68573271FPBA-01 PROFIBUS DP adapter module user's manual

3AUA0000093568FENA-21 Ethernet adapter module user's manual

3AUA0000109533FSCA-01 RS-485 adapter module user's manual

3AUA0000123527FEPL-02 Ethernet POWERLINK adapter module user's manual

3AFE68577519FOCH du/dt filters hardware manual

Tool and maintenance manuals and guides

3AUA0000094606Drive Composer Start-up and maintenance PC tool user’s manual

3BFE64059629Converter module capacitor reforming instructions

3AUA0000096939NETA-21 remote monitoring tool user's manual

3AUA0000096881NETA-21 remote monitoring tool installation and start-up guide

3AXD50000018457CCA-01 Configuration Adapter

22 Introduction to the manual

https://search.abb.com/library/Download.aspx?DocumentID=3AXD50000810710&LanguageCode=en&DocumentPartId=&Action=Launch
https://search.abb.com/library/Download.aspx?DocumentID=3AXD50000815319&LanguageCode=en&DocumentPartId=&Action=Launch
https://search.abb.com/library/Download.aspx?DocumentID=3AXD50000815333&LanguageCode=en&DocumentPartId=&Action=Launch
https://search.abb.com/library/Download.aspx?DocumentID=3AXD50000728190&LanguageCode=en&DocumentPartId=1&Action=Launch
https://search.abb.com/library/Download.aspx?DocumentID=3AXD50000032527&LanguageCode=en&DocumentPartId=1&Action=Launch
http://search.abb.com/library/ABBLibrary.asp?DocumentID=3AUA0000107668&LanguageCode=EN&DocumentPartId=1&Action=LaunchDirect
http://search.abb.com/library/ABBLibrary.asp?DocumentID=3AXD50000523191&LanguageCode=EN&DocumentPartId=1&Action=LaunchDirect
http://search.abb.com/library/ABBLibrary.asp?DocumentID=3AXD50000645015&LanguageCode=EN&DocumentPartId=1&Action=LaunchDirect" type="Outside;
http://search.abb.com/library/ABBLibrary.asp?DocumentID=3AUA0000136205&LanguageCode=EN&DocumentPartId=1&Action=LaunchDirect
http://search.abb.com/library/ABBLibrary.asp?DocumentID=3AFE68573271&LanguageCode=EN&DocumentPartId=1&Action=LaunchDirect
http://search.abb.com/library/ABBLibrary.asp?DocumentID=3AUA0000093568&LanguageCode=EN&DocumentPartId=1&Action=LaunchDirect
http://search.abb.com/library/ABBLibrary.asp?DocumentID=3AUA0000109533&LanguageCode=EN&DocumentPartId=1&Action=LaunchDirect
http://search.abb.com/library/ABBLibrary.asp?DocumentID=3AUA0000123527&LanguageCode=EN&DocumentPartId=1&Action=LaunchDirect
https://search.abb.com/library/Download.aspx?DocumentID=3AFE68577519&LanguageCode=en&DocumentPartId=1&Action=Launch
http://search.abb.com/library/ABBLibrary.asp?DocumentID=3AUA0000094606&LanguageCode=EN&DocumentPartId=1&Action=LaunchDirect
http://search.abb.com/library/ABBLibrary.asp?DocumentID=3BFE64059629&LanguageCode=EN&DocumentPartId=1&Action=LaunchDirect
http://search.abb.com/library/ABBLibrary.asp?DocumentID=3AUA0000096939&LanguageCode=EN&DocumentPartId=1&Action=LaunchDirect
http://search.abb.com/library/ABBLibrary.asp?DocumentID=3AUA0000096881&LanguageCode=EN&DocumentPartId=1&Action=LaunchDirect
http://search.abb.com/library/ABBLibrary.asp?DocumentID=3AUA0000096881&LanguageCode=EN&DocumentPartId=1&Action=LaunchDirect


Operation principle and hardware
description

Contents of this chapter
This chapter briefly describes the operation principle and construction of the drive.
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Operation principle
The ACH531-01 is a drive for controlling asynchronous AC induction motors and
permanent magnet motors.

The figure below shows the simplified main circuit diagram of the drive.

L1
L2
L3

T1/U
T2/V
T3/W

R- UDC+ 
R+

1 2 3

4

UDC-

5

A

DriveA

Rectifier. Converts alternating current and voltage to direct current and voltage.1

DC link. DC circuit between rectifier and inverter.2

Inverter. Converts direct current and voltage to alternating current and voltage.3

Built-in brake chopper (R-, R+) in frames R1…R3. Conducts the surplus energy from the inter-
mediate DC circuit of the drive to the brake resistor when necessary. The chopper operates
when theDC link voltage exceeds a certainmaximum limit. The voltage rise is typically caused
by deceleration (braking) of a high inertia motor. The user obtains and installs the brake
resistor when needed.

4

DC connection (UDC+, UDC-), for an external brake chopper in frames R4…R9.5
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Layout
Frames R1…R2

The layout of frame R1 is shown in the table that follows. Themain structure of frame
R2 is similar to R1.

R1 IP20

EMC filter grounding screw (EMC (DC)). For
disconnecting, refer page 80 (IEC).

9

Place for storing the removed VAR screw10

Place for storing the removed EMC screw11

Input power connection (L1, L2, L3), motor
connection (T1/U, T2/V, T3/W) and brake
resistor connection (R-, R+)

12

PE connection (power line)13

Stripping length (8 mm) checker14

Main cooling fan15

Cable tie mounts for /I/O cables16

Auxiliary cooling fan connector17

Mounting points (4 pieces)1

Cover2

Control panel3

Control panel connection4

Cold configuration connection for CCA-015

Power OK and Fault LEDs. Refer section
LEDs (page 140).

6

I/O connections. Refer External control con-
nection terminals, frames R1…R5 (page 30).

7

Varistor grounding screw (VAR). For discon-
necting, refer page 80 (IEC).

8
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Frame R3...R5

R3 IP20

4 6

Varistor grounding screw (VAR). For discon-
necting, refer page 80 (IEC).

8

EMC filter grounding screw (EMC (DC)). For
disconnecting, refer page 80 (IEC).

9

Input power connection (L1, L2, L3), motor
connection (T1/U, T2/V, T3/W) and brake
connection (R-, R+)

10

PE connection (power line)11

Grounding connection (motor)12

Main cooling fan13

Mounting points (4 pieces)1

Cover2

Cover screw3

Control panel4

Control panel connection5

Cold configuration connection for CCA-016

Power OK and Fault LEDs. Refer sec-
tionLEDs (page 140).

7

I/O connections. Refer External control con-
nection terminals, frames R1…R5 (page 30).

8
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R4 v2 IP20

New design of frame R4 types 062A-4, 073A-4 and 089A-4 are marked as R4 v2.

4

5
6

8

14

PE 12 13

16

9

7

8

15

16

17

10

VAR

1515

11

EMCfiltergroundingscrew (EMC). Fordiscon-
necting, refer page 80 (IEC).

10

Input power connection (L1, L2, L3), motor
connection (T1/U,T2/V,T3/W)andDCconnec-
tion (UDC+, UDC-)

11

PE connection (power line)12

Grounding connection (motor)13

Cable entry14

Main cooling fan15

Cable tie mounts for /I/O cables16

Additional grounding connection17

Mounting points (4 pieces)1

Cover2

Cover screw3

Control panel4

Control panel connection5

Cold configuration connection for
CCA-01

6

Power OK and Fault LEDs. Refer section
LEDs (page 140).

7

I/O connections. Refer External control con-
nection terminals, frames R1…R5 (page 30).

8

Varistor grounding screw (VAR). For discon-
necting, refer page 80 (IEC).

9
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Frame R6...R9

The layout of a frameR6drive is presentedbelow. The constructionof frameR6differs
to some extent.

R6 IP20

Varistor grounding screw (VAR), under the
control panel platform. For disconnecting,
refer page 80 (IEC).

11

Two EMC filter grounding screws, 14a: EMC
(DC) under the control panel platform and
14b: (EMC (AC) at the left, above the shroud.
For disconnecting, refer page 80 (IEC).

12

Shroud. Under the shroud: Input power con-
nection (L1, L2, L3), motor connection (T1/U,
T2/V, T3/W)andDCconnection (UDC+,UDC-)

13

PE connection (power line)14*

Grounding connection (motor), under the
shroud (15)

15*

1 main cooling fan (R6...R8); 2 main cooling
fans at the bottom (R9)

16

Auxiliary cooling fan17

Mounting points (4 pieces: 2 at the top, 2 at
the bottom of the main part of the frame)

1

Cover2

Lifting holes (4 pieces)3

Control panel4

Control panel connection5

Cold configuration connection for
CCA-01

6

Power OK and Fault LEDs. Refer section
LEDs (page 140).

7

I/O connections. Refer External control con-
nection terminals, frames R1…R5 (page 30).

8

Cable tie mounts for /I/O cables9

Clamps for I/O cable mechanical support10

*Drive with cable box is used as an example in the figure. Cable box is optional and
need to be ordered separately.
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Overview of power and control connections
The logical diagrambelow shows the power connections and control interfaces of the
drive.

Slot 2

L1

L2

L3

PE
T1/U

T2/V

T3/W

M
3 ~

L1

L2

L3

PE

R-
UDC+
R+ UDC-

Slot 1
1

2

.......... ..........

.......... ..........

.......... ..........

Panel port
3

1)

1) 4

2)

Option slot 1 for optional fieldbus adapter modules1

Option slot 2 for optional I/O extension modules2

Panel port3

du/dt or common mode filter (optional), refer du/dt filters (page 224).4

1)Not in all frame sizes
2)To connect the PC tools, an assistant control panel is needed.
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￭ External control connection terminals, frames R1…R5
The layout of the external control connection terminals of theR1 frame is shownbelow.
Layout of the external control connection terminals is identical in frames R1…R5 but
the location of the control unit with the terminals is different in frames R3…R5.

Description

Analog inputs and outputsX1

Aux. voltage outputX2

Programmable digital inputsX3

Safe torque off connectionX4

Embedded fieldbusX5

Relay output 3X6

Relay output 2X7

Relay output 1X8

Auxiliary fan connectionX10

Option slot 1 (fieldbus adapter modules)X13

Option slot 2 (I/O extension modules)X14

Termination switch (S4), bias resistor
switch (S5), refer Embedded EIA-485
fieldbus connection (page 113).

S4,S5

Panel port (control panel connection)1

Cold configuration connection. This con-
nector is usedwith the CCA-01 configura-
tion adapter.

2

Power OK and Fault LEDs. Refer section
LEDs (page 140).

3

1

2

3

S4

X5

S5

X13

X14

X3

X2

X4

X1

X6

X7

X8

X10R1…R4
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￭ External control connection terminals, frames R6…R9
The layout of the external control connection terminals of frames R6 is shown below.

Description

Analog inputs and outputsX1

Aux. voltage outputX2

Digital inputsX3

Safe torque off connectionX4

Connection to embedded EIA-485 fieldbus
adapter module

X5

Relay output 3X6

Relay output 2X7

Relay output 1X8

External +24 V AC/DC input connectionX10

Panel connectionX12

Option slot 1 (fieldbus adapter modules)X13

Option slot 2 (I/O extension modules)X14

Auxiliary fan 1 connectionX16

Auxiliary fan 2 connectionX17

Air in temperature sensor connectionX18

Termination switch (S4), bias resistor switch
(S5), Embedded EIA-485 fieldbus connec-
tion (page 113).

S4,
S5

Panel port (control panel connection)1

Coldconfigurationconnection.This connector
is used with the CCA-01 configuration ad-
apter.

2

Power OK and Fault LEDs. Refer section
LEDs (page 140).

3

2

R6 

X2

X4

X13

1

3

X8

X7

X6

X10X5

S4, S5
X17X16

X14

X1:1…3

X1:4…6

X1:7…9

X3:1…3

X3:4…6

X12

X18
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Control Panel (optional)
To remove the control panel, press the retaining clip at the top (2) and pull the panel
forward from the top edge (3).

To reinstall the control panel, put the bottom of the container in position (1), press
the retaining clip at the top (2) and push the control panel in at the top edge (3).

For the use of the control panel, refer to the firmwaremanual and ACS-AP-I, -S, -W and
ACH-AP-H, -WAssistant control panel user'smanual (3AUA0000085685 [English]) and
ACS-BP-S basic control panel user's manual (3AXD50000032527 [English]).

￭ Control panel door mounting kits
You can use a mounting platform to mount the control panel on the cabinet door.
Mounting platforms for control panels are available as options from ABB. For more
information, refer

Code (English)Manual

3AUA0000100140DPMP-01 mounting platform for control panels installation guide

3AUA0000136205DPMP-02/03 mounting platform for control panels installation guide

Type designation label
The type designation label includes IEC ratings, appropriate markings and the type
designation and serial number, which allow identification of each drive. The type
designation label is located on the left side of the drive, refer section Locations of the
labels on the drive (page 34). An example label is shown below.
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
ACH531-01-073A-4

Origin India
Made in India
ABB India Limited
Bangalore, 560058,
Karnataka, India

Input

Output

U1 3~380...480 VAC
I1 73/65 A
f1 50/60 Hz
U2 3~380...480 VAC
I2 73/65 A
f2 0.....500 HzFrame

R4
Air cooling
IP20
Multi-rated equipment see Hardware manual
IE2 (90,100) 2,0%

IP20
S/N: 9250701690

ICC 65 kA
SCCR 100 kA

1

2

3

4
5

6

7

8
9

DescriptionNo.

Type designation, refer section Type designation key (page 34).1

Name and address of the manufacturer2

Frame (size)3

Type of the drive, for example, with Air cooling or Liquid cooling, and so on.4

Degree of protection5

Nominal ratings in the supply voltage range, refer Ratings (page 143), Electrical power network
specification (page 162) andMotor connection data (page 163).

6

Valid markings7

Serial number of format MYYWWXXXXX, whereS/N:

Manufacturing plantM:

16, 17, 18, … for 2016, 2017, 2018, …YY:

01, 02, 03, … for week 1, week 2, week 3, …WW:

Digits making the serial number uniqueXXXXX:

8

Link to the product data sheet9
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￭ Locations of the labels on the drive

1

2

3


ACH531-01-073A-4

Origin India
Made in India
ABB India Limited
Bangalore, 560058,
Karnataka, India

Input

Output

U1 3~380...480 VAC
I1 73/65 A
f1 50/60 Hz
U2 3~380...480 VAC
I2 73/65 A
f2 0.....500 HzFrame

R4
Air cooling
IP20
Multi-rated equipment see Hardware manual
IE2 (90,100) 2,0%

IP20
S/N: 9250701690

ICC 65 kA
SCCR 100 kA

1

S/N: 9250701690
ACH531-01-073A-4

S/W: V2.20.0.12

2

U1 3~380...480 VAC
I2 73/65 A
Pn 37 kW/50 hp

S/N: 9250701690

ACH531-01-073A-4
3

Type designation key
The type designation contains information on the specifications and configuration
of the drive. You find the type designation on the type designation label attached to
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the drive. The first digits from the left express the basic configuration, for example,
ACH531-01-12A7-4. The optional selections are given after that, separated by plus
signs, for example, +L501. Themain selections are described below. Not all selections
are available for all types.

DescriptionCode

Basic codes

Product seriesACH531-01

When no options are selected: IP20, ACS-BP-S Basic control panel, choke, EMC C2 filter
(built-in EMC filter), safe torqueoff, braking chopper in framesR1, R2, R3, coatedboards,
cable entry from thebottom, cable box (optional) or the conduit platewith cable entries,
quick installation and start-up guide.

01

Size

Refer the rating tablesxxxx

Voltage rating

4 = 380…480 V4

Refer the technical data for further information.

￭ Option codes

DescriptionCode

Flange mountingC135

ACH-AP-H control panelJ400

Blank control panel cover (no control panel)J424

FLON-01 LonWorks® adapter moduleK452

FPBA-01 PROFIBUS DP adapter moduleK454

FSCA-01 RS-485 (Modbus/RTU) adapter moduleK458

FCNA-01 ControlNet™ adapter moduleK462

FBIP-01 BACnet/IP adapter module, 2-portK465

FECA-01 EtherCat adapter moduleK469

FEPL-02 EtherPOWERLINK adapter moduleK470

FENA-21 Ethernet adaptermodule for EtherNet/IP™,ModbusTCPandPROFINET IOprotocols,
2-portK475

FEIP-21 EtherNet/IP adapter moduleK490

FMBT-21 Modbus/TCP adapter moduleK491

FPNO-21 PROFINET IO adapter moduleK492

CMOD-01 External 24 V AC/DC and digital I/O extension (2×RO and 1×DO)L501

CHDI-01 115/230 V digital input module (six digital inputs and two relay outputs)L512

CMOD-02 External 24 V and isolated PTC interfaceL523

Extended warranty 60 months from deliveryP932

Version for cabinet mounting (drive module with front covers but without cable box)P944
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Mechanical installation

Contents of this chapter
This chapter tells you how to examine the installation site, examine the delivery, and
mechanically install the drive.

Safety

WARNING Frames R5…R9: Lift the drivewith a lifting device. Use the lifting
eyes of the drive. Do not tilt the drive. The drive is heavy and its center of
gravity is high. An overturning drive can cause physical injury.

4
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Examining the installation site
Make sure that:

• The installation site is sufficiently ventilated or cooled to remove heat from the
drive. Refer the technical data.

• The ambient conditions of the drive meet the specifications. Refer the technical
data.

• The material behind, above and below the drive is non-flammable.

• The installation surface is as close to vertical as possible and strong enough to
support the drive.

• There is sufficient free space around the drive for cooling, maintenance, and
operation. Refer the free space specifications for the drive.

• Make sure that there are no sourcesof strongmagnetic fields such as high-current
single-core conductors or contactor coils near the drive. A strong magnetic field
can cause interference or inaccuracy in the operation of the drive.

Installation alternatives
The drive must be installed on the wall or an enclosure. There are three alternative
ways to install it:

• Vertical

Note: Do not install the drive upside down.
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40   

•

a

b

c

b

b

 
 -  

IP20
a 1) b 2)  c 3

mm mm mm
R1 150 86 150
R2 150 86 150
R3 200 53 150
R4 53 200 150
R5 100 200 150
R6 155 300 150
R7 155 300 150
R8 155 300 150
R9 200 300 150

3AXD00000586715.xls L

Vertical installation - Free spaceFrame size

IP20

Beside (c)3)Below (b)2)Above (a)1)

mmmmmm

1508665R1

1508665R2

1505365R3

15020053R4

15020075R5

150300155R6

150300155R7

150300155R8

150300200R9

1) Free space above is measured from the frame.

Note: The height of the hood for frame R4exceeds the requirement of free space
above for these frames

Hood height (mm)Frame size

72R4

230R9

2) Free space below is always measured from the drive frame, not from the cable
box (optional).
3) Free space between the drive and other objects, e.g. wall.

Note: The recommended free space above and below the drive is for installations
where the drive is mounted on a wall indoors. For ABB cabinet-built drives, which
are thermally tested and approved for a specified temperature range, free space
could vary from this recommendation.

• Vertical side by side or between walls
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a

b

a

b

c = 0

Vertical installation side by side - Free space, IP20

Frame size Between (c)3)Below (b)2)Above (a)1)

mmmmmm

0200200R1

0200200R2

0200200R3

0200200R4

0200200R5

0300200R6

0300200R7

0300200R8

0300200R9

1) Free space above is measured from the frame.
2) Free space below is always measured from the drive frame, not from the cable
box (optional).
3) Free space between the drives.

Note: The recommended free space above and below the drive is for installations
where the drive is mounted on a wall indoors. For ABB cabinet-built drives, which
are thermally tested and approved for a specified temperature range, free space
could vary from this recommendation.

Note: IP20 frames R1…R2: The cover fastening clips can be removed to make the
front cover opening easier.

• Horizontal, IP20, R1…R5 only
Note 1: You can install IP20 drives horizontally.
Note 2: In the horizontalmounting, the drive is not protected fromdrippingwater.
Note 3: The vibration specification in Ambient conditions (page 168) may not be
fulfilled.
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d

c

d

c

a

b

b

a

Horizontal installation - Free spaceFrame size

IP20

Side down (d)Side up (c)Below (b)1)Above (a)

mmmmmmmm

2003086150R1

2003086150R2

2003053200R3

2003020030R4

2003020030R5

1) Free space below is always measured from the drive frame, not from the cable
box (optional).

Make sure that the installation site complies with the requirements below:

• The installation site is sufficiently ventilated or cooled to remove the heat away
from the drive. Refer Losses, cooling data and noise (page 158).

• The operation conditions of the drive meet the specifications given in Ambient
conditions (page 168).

• The wall is as close to vertical as possible, of non-flammable material and strong
enough to carry theweight of thedrive, ReferDimensions,weights and free space
requirements (page 157).

• The floor/material below the installation is non-flammable.

• There is enough free space above and below the drive to enable cooling air flow,
service and maintenance. Refer the required free space tables for each of the
different mounting alignments on page 38 (or page 157).

Necessary tools
Tomove a heavy drive, use a crane, forklift, or pallet truck (examine the load capacity).
To lift a heavy drive, use a lifting device.

To mechanically install the drive, make sure that you have these tools available:
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• screwdriver set (Torx, Phillips, flat and/or Pozidriv, as necessary)

• torque wrench

• socket set, Hex key set (metric)

• tape measure, if you do not use the mounting template delivered with the drive.

Moving the drive
Frames R5…R9: Move the transport package by pallet truck to the installation site.
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Unpacking and examining delivery, frames R1 and R2
The figure below shows the layout of the transport package. Examine that all items
are present and there are no signs of damage. Read the data on the type designation
label of the drive to make sure that the drive is of the correct type. Refer Type
designation label (page 32).

1

11

10

12

9

8

7

6

5

24

3

Cable box (optional)5

Drive6

Mounting template7

Cardboard box8

End support (2 pcs)9

Top cushion10

Bottom cushion11

Plastic bag12

Control panel selected in the order.1

Quick installationandstart-upguide (always),
and hardware and firmware manuals (if
ordered separately);

Multilingual residual voltagewarning stickers

2

I/O option box3

Fieldbus option box4

Note: Possible options in separate packages, if
they have been ordered with a plus code, such as
for example +K490 (FEIP-21 Two-port EtherNet/IP
adapter module) in the fieldbus option box.

Mechanical installation 43

10



To unpack:

• Open the cardboard box (8)

• Remove the mounting template (7) and top cushion (10)

• Remove the control panel, option boxes and cable box (1,3,4,5; cable box is
optional).

• Remove the end supports (9)

• Remove the plastic bag (12)

• Lift the drive (6).

WARNING R1…R2, IP20: Do not lift the drive by holding it from the cover.
The drive can fall and become damaged or damage the surroundings.

Recycle the package material according to local regulations.
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Unpacking and examining delivery, frame R3
The figure below shows the layout of the transport package. Examine that all items
are present and there are no signs of damage. Read the data on the type designation
label of the drive to make sure that the drive is of the correct type. Refer Type
designation label (page 32).

6

1

7

9

12

5

11

10

8

4

3

2

Drive5

Mounting template6

Cardboard box7

Option support8

End support9

Top cushion10

Bottom cushion11

Plastic bag12

Control panel selected in the order.1

Quick installationandstart-upguide (always),
and hardware and firmware manuals (if
ordered separately);

Multilingual residual voltagewarning stickers

2

I/O option box3

Fieldbus option box4

To unpack:

• Open the cardboard box (7)

• Remove the mounting template (6) and top cushion (10)

• Remove the control panel and option boxes (1,3,4)

• Remove the end supports (9)

• Remove the plastic bag (12)

• Lift the drive (2).

Recycle the package material according to local regulations.
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Unpacking and examining delivery, frame R4
The figure below shows the layout of the transport package. Examine that all items
are present and there are no signs of damage. Read the data on the type designation
label of the drive to make sure that the drive is of the correct type. Refer Type
designation label (page 32).

3 4

5

6

7

2

1

• Possible options in separate packages, if
they have been ordered with a plus code,
such as for example +K490 (FEIP-21 Two-
port EtherNet/IP adapter module) in the
option box

Top cushion4

Bottom cushion5

Bottom cushion6

Top cushion7

Drive1

Option tray2

In the option tray:3

• Quick installation and start-up guide (al-
ways), and hardware and firmwaremanu-
als (if ordered separately)

• Multilingual residual voltage warning
stickers;

• Control panel selected in the order (in a
separate package) in the option box

To unpack:

• Open box (2)

• Remove option support (3)

• Remove top cushions (4,7)

• Lift the drive (1) and remove bottom cushions (5,6).

Recycle the package material according to local regulations.
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Unpacking and examining delivery, frame R5
The figure below shows the layout of the transport package. Examine that all items
are present and there are no signs of damage. Read the data on the type designation
label of the drive to make sure that the drive is of the correct type. Refer Type
designation label (page 32).

1

10

2

3

4

5

6

7

8

9

11

Cover protecting film6

Straps7

Pallet8

Control panel selected in the order (in a sep-
arate package) in the option box

9

Possible options in separatepackages, if they
have been ordered with a plus code, such as
for example +K490
(FEIP-21 Two-port EtherNet/IP adaptermod-
ule) in the option box.

10

Cable box package (optional).1

Drive2

In the option box3

• Quick installation and start-up guide (al-
ways), and hardware and firmwaremanu-
als (if ordered separately)

• Multilingual residual voltage warning
stickers

Cardboard box. Mounting template in the
cardboard box.

4

Stopper5

To unpack:

• Cut the straps (7).

• Remove the cardboard box (4) and option box (3).

• Remove the cover protecting film (6).

• Lift the drive (2).
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Unpacking and examining delivery, frames R6…R9
The figure below shows the layout of the transport package. Examine that all items
are present and there are no signs of damage. Read the data on the type designation
label of the drive to make sure that the drive is of the correct type. Refer Type
designation label (page 32).

1

2

3

7

5

4

6

8

9 10 11

12

Control panel selected in the order (in a sep-
arate package) in the option tray

10

Possible options in separatepackages, if they
have been ordered with a plus code, such as
for example +K490 (FEIP-21 Two-port Ether-
Net/IP adapter module) in the option box.

11

Mounting template on top of the option tray12

Cable box (optional). Power and control cable
grounding shelves in a plastic bag, assembly
drawing.

1

Drive with factory installed options2

Cardboard box3

Straps4

VCI bag for protecting against corrosion5

Pallet6

Stopper7

Option tray8

In the option tray9

• Quick installation and start-up guide (al-
ways), and hardware and firmwaremanu-
als (if ordered separately)

• Multilingual residual voltage warning
stickers

To unpack:

• Cut the straps (4).

• Remove the cardboard box (3) and option tray (8).

• Remove the VCI bag (5).
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• Attach lifting hooks to the lifting eyes of the drive (refer the figure in section
Safety (page 37)).

• Lift the drive with a hoist.

Recycle the package material according to local regulations.
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Installing the drive

￭ Installing the drive vertically, frames R1…R4
The figures show frame R3 as an example.

Select fasteners and their application tomeet local requirements appropriate to wall
surface materials, drive weight and application.

1. Mark the hole locations using themounting template included in the package. Do
not leave the mounting template under the drive. The drive dimensions and hole
locationsarealsoshown in thedrawings in chapterDimensiondrawings (page 175).

2. Drill the mounting holes.

3. Insert anchors or plugs into the holes and start the bolts into the anchors or plugs.

a

b

1 2 3

×4

×4

×4

R1…R2: M5 
R3…R4: M6 

R4 v2R4R3R2R1

mmmmmmmmmm

1601601609898a

619619473417317b

kgkgkgkgkgWeight IP20

21.518.511.364
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4. Position the drive onto the lower bolts (4a) on the wall to support the weight of
the drive. Rotate drive to the wall and place drive over the upper bolts (4b).

WARNING R1…R4, IP20:Donot lift thedrive by holding it fromthe cover.
The drive can fall and become damaged or damage the surroundings.

5. Tighten the bolts in the wall securely.

4a 54b
×4
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￭ Installing the drive vertically, frame R5
Select fasteners and their application tomeet local requirements appropriate to wall
surface materials, drive weight and application.

1. Mark the hole locations using themounting template included in the package. Do
not leave the mounting template under the drive. The drive dimensions and hole
locationsarealsoshown in thedrawings in chapterDimensiondrawings (page 175).

2. Drill the mounting holes.

3. Insert fixing anchors or plugs into the holes. Start the two upper bolts and the
two lowest bolts into the anchors or plugs.

c

a

d

e

b

1

×2

×2

×2
R5 IP20

mm

612a

581b

160c

200d >

100e >

kg

26.5

×2
×2

32

×6

R5: M6 
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4. Remove the front cover: Remove the fastening screwswith aT20Torx screwdriver
and lift the cover from the bottom upwards and then to the top side.

5. Put the tabs at the top of the front cover in their counterparts on the housing and
then press at the bottom and tighten the retaining screws.

6. Position the drive onto the lower bolts (9a) on the wall to support the weight of
the drive. Rotate drive to the wall and place drive over the upper bolts (9b). Lift
the drive with another person or with a lifting device as it is heavy. Tighten the
bolts in the wall securely (9c).

7. Tighten the two remaining bolts securely.

109

9b 9c

9c

×2

×29a

￭ Installing the drive vertically, frames R6…R9
Select fasteners and their application tomeet local requirements appropriate to wall
surface materials, drive weight and application.

1. Mark the hole locations for the six mounting holes using the mounting template
included in the package. Do not leave the mounting template under the drive.
Thedrivedimensionsandhole locationsare also shown in thedrawings in chapter
Dimension drawings (page 175).

Note: You can use only two bolts instead of four to attach the lower part of the
drive.

R9R8R7R6

mmmmmmmm

c

a

d

e

b

1

× 4

718701623571a

658658583531b

345263245213c

300300300300d

200155155155e

kgkgkgkgIP20

84.462.849.642.6

2. Drill the mounting holes.
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3. Insert fixing anchors or plugs into the holes and start the bolts into the anchors
or plugs.

4. Position the drive onto the bolts on the wall. Lift the drive with a lifting device as
it is heavy.

5. Tighten the top two bolts in the wall securely.

4

5

3
× 2 × 2

M82

×6

R6…R9: M8 

6. Remove the front cover: Remove the fastening screws (a) with a T20 Torx
screwdriver, move the cover to the top side (b) and then up (c).

6a
6a

6b

6c

￭ Installing the drive vertically side by side,frames R1...R9
Install the drive following the steps in the appropriate section Installing the drive
vertically, frames R1…R4 (page 50), Installing the drive vertically, frame R5 (page 52)
or Installing the drive vertically, frames R6…R9 (page 53).

￭ Installing the drive horizontally, frames R1…R5
The drive can be installed either with the left or right side up. Refer to the steps in
Installing the drive vertically, frames R1…R4 (page 50) or Installing the drive vertically,
frame R5 (page 52).
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Guidelines for planning the electrical
installation

Contents of this chapter
This chapter contains guidelines for planning the electrical installation of the drive.

Limitation of liability
The installationmust always bedesigned andmade according to applicable local laws
and regulations. ABB does not assume any liability whatsoever for any installation
which breaches the local laws and/or other regulations. Furthermore, if the
recommendations given by ABB are not followed, the drive may experience problems
that the warranty does not cover.

Selecting the main supply disconnecting device
You must equip the drive with a main supply disconnecting device which meets the
local safety regulations. Youmust be able to lock the disconnectingdevice to the open
position for installation and maintenance work.

￭ European Union
Tomeet the European Union Directives, according to standard EN 60204-1, Safety of
Machinery, the disconnecting device must be one of the following types:

• switch-disconnector of utilization category AC-23B (IEC 60947-3)

• disconnector that hasanauxiliary contact that in all cases causes switchingdevices
to break the load circuit before the opening of the main contacts of the
disconnector (EN 60947-3)

• circuit-breaker suitable for isolation in accordance with IEC 60947-2.

5
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￭ Other regions
The disconnecting device must conform to the applicable local safety regulations.

Examining the compatibility of the motor and drive
UseasynchronousAC inductionmotors andpermanentmagnetmotorswith thedrive.

Select the motor size and drive type from the rating table on basis of the AC line
voltage and motor load. You can find the rating table in the appropriate hardware
manual. You can also use the DriveSize PC tool.

Make sure that the motor can be used with an AC drive. Refer Requirements
table (page 56). For basics of protecting the motor insulation and bearings in drive
systems, refer Protecting the motor insulation and bearings (page 56).

Note:

• Consult the motor manufacturer before using a motor whose nominal voltage
differs from the AC line voltage connected to the drive input.

• The voltage peaks at themotor terminals are relative to the supply voltage of the
drive, not the drive output voltage.

￭ Protecting the motor insulation and bearings
The drive employs modern IGBT inverter technology. Regardless of frequency, the
drive output comprises pulses of approximately the drive DC bus voltage with a very
short rise time. Thepulse voltage canalmostdouble at themotor terminals, depending
on the attenuation and reflection properties of the motor cable and the terminals.
This can cause additional stress on the motor and motor cable insulation.

Modern variable speed drives with their fast rising voltage pulses and high switching
frequencies can generate current pulses that flow through the motor bearings. This
can gradually erode the bearing races and rolling elements.

du/dt filters protect motor insulation system and reduce bearing currents. Common
mode filtersmainly reducebearing currents. InsulatedN-end (non-drive end)bearings
protect the motor bearings.

￭ Requirements table
These tables show how to select themotor insulation system andwhen a drive du/dt
and common mode filters and insulated N-end (non-drive end) motor bearings are
required. Ignoring the requirements or improper installation may shorten motor life
or damage the motor bearings and voids the warranty.
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This table shows the requirements when an ABB motor is in use.

Requirement forNominal AC line
voltage

Motor type

ABB du/dt and common mode filters, insulated N-
end motor bearings

Motorinsula-
tion system

Pn ≥ 350 kW
or

frame size ≥
IEC 400

100 kW ≤ Pn <
350 kW
or
IEC 315 ≤
frame size <
IEC 400

Pn < 100 kW and
frame size < IEC 315

Pn ≥ 469 hp
or

frame size >
NEMA 580

134 hp ≤ Pn <
469 hp

Pn < 134 hp

+ N + CMF+ N-StandardUn ≤ 500 VRandom-wound
M2_,M3_andM4_

Pn < 500 kW: +
N + CMF

+ N + CMFn.a.Standard380V<Un≤690VForm-wound
HX_and AM_

Pn ≥ 500 kW: +
N + du/dt +
CMF

+ N + du/dt with voltages over 500 V + CMFCheck with
the motor
manufac-
turer.

380V<Un≤690VOld1) form-
wound HX_and
modular

+ N + CMFEnamelled
wire with
fiber glass
taping

0 V < Un ≤ 500 VRandom-wound
HX_ and AM_2) + N + du/dt + CMF

1) manufactured before 1.1.1998
2) For motors manufactured before 1.1.1998, check for additional instructions with the motor manufacturer.

This table shows the requirements when a non-ABB motor is in use.

Requirement forNominal AC line
voltage

Motor type

ABBdu/dtandcommonmodefilters, insulated
N-end motor bearings

Motor insula-
tion system

Pn ≥ 350 kW
or

frame size ≥
IEC 400

100 kW ≤ Pn <
350 kW

or
IEC 315 ≤ frame
size < IEC 400

Pn <
100kWand
frame size
< IEC 315

Pn ≥ 469 hp134 hp ≤ Pn <
469 hp

Pn < 134 hp

+ N + CMF+ N or CMF-Standard:
ÛLL = 1300 V

Un ≤ 420 VRandom-woundand
form-wound

+ N + du/dt +
CMF

+ du/dt + (N or
CMF)

+ du/dtStandard:
ÛLL = 1300 V

420 V < Un ≤ 500 V

or

+ N + CMF+ N or CMF-Reinforced:
ÛLL = 1600 V,
0.2 micro-
second rise
time

Guidelines for planning the electrical installation 57

11



The abbreviations used in the tables are defined below.

DefinitionAbbr.

Nominal AC line voltageUn

Peak line-to-line voltage at motor terminals which the motor insulation must
withstand

ÛLL

Motor nominal powerPn

du/dt filter at the output of the drivedu/dt

Common mode filter of the driveCMF

N-end bearing: insulated motor non-drive end bearingN

Motors of this power range are not available as standard units. Consult the motor
manufacturer.

n.a.

Availability of du/dt filter and common mode filter by drive type

Refer chapter du/dt filters (page 224).

Additional requirements for explosion-safe (EX) motors

If youwill use an explosion-safe (EX)motor, follow the rules in the requirements table
above. In addition, consult the motor manufacturer for any further requirements.

Additional requirements for ABBmotors of types other thanM2_,M3_,M4_, HX_ and
AM_

Use the selection criteria given for non-ABB motors.

Additional requirements for braking applications

When themotorbrakes themachinery, the intermediate circuitDCvoltageof thedrive
increases, the effect being similar to increasing the motor supply voltage by up to
20 percent. Consider this voltage increase when specifying the motor insulation
requirements if the motor will be braking a large part of its operation time.

Example: Motor insulation requirement for a 400 V AC line voltage application must
be selected as if the drive were supplied with 480 V.

Additional requirements for the regenerative and low harmonics drives

It is possible to increase the intermediate circuit DC voltage from the nominal
(standard) level with a parameter in the control program. If you choose to do this,
select the motor insulation system which withstands the increased DC voltage level.

Additional requirements for ABB high-output and IP23 motors

The rated output power of high output motors is higher than what is stated for the
particular frame size in EN 50347 (2001).

This table shows the requirements for protecting the motor insulation and bearings
in drive systems for ABB random-wound motor series (for example, M3AA, M3AP and
M3BP).
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Requirement forNominal AC supply
voltage ABBdu/dt and commonmode filters, insulatedN-endmotor

bearings
Motor insulation

system

Pn ≥ 200 kW100 kW ≤ Pn <
200 kW

Pn < 100 kW

Pn ≥ 268 hp140 hp ≤ Pn <
268 hp

Pn < 140 hp

+ N + CMF+ N-StandardUn ≤ 500 V

Additional requirements for non-ABB high-output and IP23 motors

The rated output power of high output motors is higher than what is stated for the
particular frame size in EN 50347 (2001).

If you plan to use a non-ABB high-output motor or an IP23 motor, consider these
additional requirements for protecting the motor insulation and bearings in drive
systems:

• If motor power is below 350 kW: Equip the drive and/or motor with the filters
and/or bearings according to the table below.

Requirement forNominal AC supply
voltage ABB du/dt and commonmode filters, insulated N-

end motor bearings
Motor insulation system

100 kW < Pn < 350 kW or
IEC315< framesize< IEC

400

Pn<100kWor framesize
< IEC 315

134 hp < Pn < 469 hpPn < 134 hp

+ N or CMF+ N or CMFStandard: ÛLL= 1300 VUn ≤ 420 V

+ N + du/dt + CMF+ du/dt + (N or CMF)Standard: ÛLL = 1300 V420 V < Un < 500 V

or

+ N or CMF+ N or CMFReinforced: ÛLL = 1600 V,
0.2microsecondrise time

Additional data for calculating the rise time and the peak line-to-line voltage

The diagrams below show the relative peak line-to-line voltage and rate of change of
voltage as a function of the motor cable length. If you need to calculate the actual
peak voltage and voltage rise time considering the actual cable length, proceed as
follows:

• Peak line-to line voltage: Read the relative ÛLL/Un value from the diagram below
and multiply it by the nominal supply voltage (Un).

• Voltage rise time: Read the relative valuesÛLL/Unand (du/dt)/Un fromthediagram
below. Multiply the values by the nominal supply voltage (Un) and substitute into
equation t = 0.8 · ÛLL/(du/dt).
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Drive with du/dt filterA

Drive without du/dt filterB

Motor cable lengthI

Relative peak line-to-line voltageÛLL/Un

Relative du/dt value(du/dt)/Un

Note: ÛLL and du/dt values are approximately 20% higher with resistor braking.

Additional note for sine filters

A sine filter also protects the motor insulation system. The peak phase-to-phase
voltage with a sine filter is approximately 1.5 · Un.

Selecting the power cables

￭ General guidelines
Select the input power and motor cables according to local regulations.

• Current:Select a cable capableof carrying themaximum loadcurrent andsuitable
for the prospective short-circuit provided by the supply network. The method of
installation and ambient temperature affect the cable current carrying capacity.
Obey local regulations and laws.

• Temperature: For an IEC installation, select a cable rated for at least 70 °C
maximum permissible temperature of conductor in continuous use.
Important: For certain product typesor option configurations higher temperature
rating may be required. Refer the Technical data (page 143) for details.

• Voltage: 600VAC cable is accepted for up to 500 VAC. 750 VAC cable is accepted
for up to 600 V AC. 1000 V AC cable is accepted for up to 690 V AC.

To comply with the EMC requirements of the CEmark, use one of the preferred cable
types. Refer Preferred power cable types (page 61).

Symmetrical shielded cable reduces electromagnetic emission of the whole drive
system as well as the stress on motor insulation, bearing currents and wear.

Metal conduit reduces electromagnetic emission of the whole drive system.
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￭ Typical power cable sizes
Refer theTechnical data (page 143).

￭ Power cable types

Preferred power cable types

This section presents the preferred cable types. Make sure that the selected cable
type also complies with local/state/country electrical codes.

Use as motor cablingUse as input power cablingCable type

YesYesPE

Symmetrical shielded (or ar-
mored) cable with three phase
conductors and concentric PE
conductor as shield (or armor)

YesYesPE

Symmetrical shielded (or ar-
mored) cable with three phase
conductors and symmetrically
constructed PE conductor and a

shield (or armor)

YesYes

PE

Symmetrical shielded (or ar-
mored) cable with three phase
conductors and a shield (or ar-
mor), and separate PE conduct-

or/cable1)

1) A separate PE conductor is required if the conductivity of the shield (or armor) is not sufficient for the PE use.

Alternate power cable types

Use as motor cabling and as
brake resistor cabling

Use as input power cablingCable type

Yeswith phase conductor smaller
than 10 mm2 (8 AWG) Cu, or mo-
tors up to 30 kW (40 hp).

Yes with phase conductor smaller
than 10 mm2 (8 AWG) Cu.

Note: Shielded or armored cable,
or cabling in metal conduit is al-
ways recommended to minimize
radio frequency interference.

Four-conductor cable in plastic
jacket (three phase conductors

and PE)
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Use as motor cabling and as
brake resistor cabling

Use as input power cablingCable type

Yeswith phase conductor smaller
than 10 mm2 (8 AWG) Cu, or mo-
tors up to 30 kW (40 hp)

Yes

Four-conductor armored cable
(three phase conductors and PE)

Yes with motors up to 100 kW
(135 hp). A potential equalization
between the frames ofmotor and
driven equipment is required.

Yes

Shielded (Al/Cushieldor armor)1)

four-conductor cable (threephase
conductors and a PE)

1) Armor may act as an EMC shield, as long as it provides the same performance as a concentric EMC shield of a
shielded cable. To be effective at high frequencies, the shield conductivity must be at least 1/10 of the phase
conductor conductivity. The effectiveness of the shield can be evaluated based on the shield inductance, which
must be low and only slightly dependent on frequency. The requirements are easily met with a copper or aluminum
shield/armor. The cross-section of a steel shield must be ample and the shield helix must have a low gradient. A
galvanized steel shield has a better high-frequency conductivity than a non-galvanized steel shield.

Not allowed power cable types

Use as motor cablingUse as input power cablingCable type

NoNo
PE

Symmetrical shielded cable with
individual shields for each phase

conductor

￭ Power cable shield
If the cable shield is used as the sole protective earth (PE) conductor, make sure that
its conductivity agrees with the PE conductor requirements.

To effectively suppress radiated and conducted radio-frequency emissions, the cable
shield conductivity must be at least 1/10 of the phase conductor conductivity. The
requirements are easily met with a copper or aluminum shield. The minimum
requirement of the motor cable shield of the drive is shown below. It consists of a
concentric layer of copperwireswith an open helix of copper tape or copperwire. The
better and tighter the shield, the lower the emission level and bearing currents.
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1 3 4 52

Insulation jacket1

Helix of copper tape or copper wire2

Copper wire shield3

Inner insulation4

Cable core5

Grounding requirements
This section gives general requirements for grounding the drive. When you plan the
grounding of the drive, obey all the applicable national and local regulations.

The conductivity of the protective earth conductor(s) must be sufficient.

Unless local wiring regulations state otherwise, the cross-sectional area of the
protective earth conductor must agree with the conditions that require automatic
disconnection of the supply required in 411.3.2 of IEC 60364-4-41:2005 andbe capable
of withstanding the prospective fault current during the disconnection time of the
protective device. The cross-sectional area of the protective earth conductormust be
selected from the table below or calculated according to 543.1 of IEC 60364-5-54.

This table shows theminimumcross-sectional area of the protective earth conductor
related to the phase conductor size according to IEC 61800-5-1 when the phase
conductor(s) and the protective earth conductor are made of the same metal. If this
is not so, the cross-sectional area of the protective earth conductor must be
determined inamannerwhichproducesa conductanceequivalent to thatwhich results
from the application of this table.

Minimumcross-sectionalareaof thecorresponding
protective earth conductor

Sp (mm2)

Cross-sectional area of the phase conductors
S (mm2)

S1)S ≤ 16

1616 < S ≤ 35

S/235 < S

1) For the minimum conductor size in IEC installations, refer to Additional grounding requirements – IEC.

If the protective earth conductor is not part of the input power cable or input power
cable enclosure, the minimum permitted cross-sectional area is:

• 2.5 mm2 if the conductor is mechanically protected,
or

• 4 mm2 if the conductor is not mechanically protected. If the equipment is
cord-connected, the protective earth conductormust be the last conductor to be
interrupted if there is a failure in the strain relief mechanism.
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￭ Additional grounding requirements – IEC
This section gives grounding requirements according to standard IEC/EN 61800-5-1.

Because the normal touch current of the drive is more than 3.5 mA AC or 10 mA DC:

• the minimum size of the protective earth conductor must comply with the local
safety regulations for high protective earth conductor current equipment, and

• you must use one of these connection methods:

1. a fixed connection and:
• a protective earth conductor with a minimum cross-sectional area of

10 mm2 Cu or 16 mm2 Al (as an alternative when aluminum cables are
permitted),
or

• a second protective earth conductor of the same cross-sectional area as
the original protective earth conductor,
or

• a device that automatically disconnects the supply if the protective earth
conductor is damaged.

2. a connection with an industrial connector according to IEC 60309 and a
minimum protective earth conductor cross-section of 2.5 mm2 as part of a
multi-conductor power cable. Sufficient strain relief must be provided.

If the protective earth conductor is routed through aplug and socket, or similarmeans
of disconnection, it must not be possible to disconnect it unless power is
simultaneously removed.

Note: You can use power cable shields as grounding conductors only when their
conductivity is sufficient.

Selecting the control cables

￭ Shielding
Only use shielded control cables.

Use a double-shielded twisted pair cable for analog signals. ABB recommends this
type of cable also for the pulse encoder signals. Use one individually shielded pair for
each signal. Do not use common return for different analog signals.

A double-shielded cable (a) is the best alternative for low-voltage digital signals, but
single-shielded (b) twisted pair cable is also acceptable.

a b

￭ Signals in separate cables
Run analog and digital signals in separate, shielded cables. Do not mix 24 V DC and
115/230 V AC signals in the same cable.
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￭ Signals that can be run in the same cable
If their voltage does not exceed 48 V, relay-controlled signals can be run in the same
cables as digital input signals. The relay-controlled signals should be run as twisted
pairs.

￭ Relay cable
The cable type with braided metallic shield (for example ÖLFLEX by LAPPKABEL,
Germany) has been tested and approved by ABB.

￭ Control panel to drive cable
UseEIA-485, Cat 5e (or better) cablewithmale RJ-45 connectors. Themaximum length
of the cable is 100 m.

Routing the cables

￭ General guidelines – IEC
• Route themotor cable away fromother cables. Motor cables of several drives can

be run in parallel installed next to each other.

• Install the motor cable, input power cable and control cables on separate trays.

• Avoid long parallel runs of motor cables with other cables.

• Where control cables must cross power cables, make sure that they are arranged
at an angle as near to 90 degrees as possible.

• Do not run extra cables through the drive.

• Make sure that the cable trays have good electrical bonding to each other and to
the grounding electrodes. Aluminum tray systems can be used to improve local
equalizing of potential.

The following figure illustrates the cable routing guidelines with an example drive.

Note:When motor cable is symmetrical and shielded and it has short parallel runs
with other cables (< 1.5 m), distances between the motor cable and other cables can
be reduced by half.
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电气安装的规划指南   79

min. 200 mm (8 in)

90°

*min. 500 mm (20 in)

1

2

3

3

2

1

4
min. 300 mm (12 in)

2

4

3

min. 300 mm (12 in) *

电缆布线

 一般指南，IEC 
远离其它电缆线路布设电机电缆。相邻安装的多个变频器的电机电缆可并行布设。电
机电缆、供电电缆和控制电缆应安装在不同的电缆槽内。避免电机电缆与其它电缆长
距离并行布设，以降低变频器输出电压快速变化所产生的电磁干扰。

如果控制电缆必须与动力电缆交叉，则应确保其交叉角度尽量接近90度。请勿在变
频器内布设其它电缆。

各电缆槽相互之间以及与接地电极之间必须保持良好的电气连接。可使用铝制电缆槽
系统来改善电势的局部均衡。

电缆布线图如下所示。  

1 电机电缆。当电机电缆为对称屏蔽类型时，电机电缆和其他电缆之间的距离可减半。

2 供电电缆

3 控制电缆

4 电缆Not applicable

Motor cable1

Input power cable2

Control cable3

Brake resistor or chopper cable (if any)4

￭ Continuous motor cable shield/conduit or enclosure for equipment
on the motor cable
To minimize the emission level when safety switches, contactors, connection boxes
or similar equipment are installedon themotor cable between thedrive and themotor:

• Install the equipment in a metal enclosure.

• Use either a symmetrical shielded cable, or install the cabling in a metal conduit.

• Make sure that there is a good and continuous galvanic connection in the
shield/conduit between drive and motor.

• Connect the shield/conduit to the protective ground terminal of the drive and the
motor.
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￭ Separate control cable ducts
Put 24VDCand230VAC (120VAC) control cables in separate ducts, unless the 24VDC
cable is insulated for 230 V AC (120 V AC) or insulated with an insulation sleeving for
230 V AC (120 V AC).

24 V DC
230 V AC

(120 V AC)

230 V AC
(120 V AC)

24 V DC

Implementing short-circuit and thermal overload
protection

￭ Protecting the drive and the input power cable in short-circuits
Protect the drive and the input cable with fuses or a circuit breaker.

~ ~ M
3~

Select the fuses or circuit breakers according to local regulations for the input cable
protection. Select the fuses or circuit breakers for the drive according to the
instructions given in the technical data. The fuses or circuit breakers for the drive
protection will restrict drive damage and prevent damage to adjoining equipment in
case of a short-circuit inside the drive.

Note: If the fuses or circuit breakers for the drive protection are placed at the
distribution board and the input cable is selected according to the nominal input
current of the drive given in the technical data, the fuses or circuit breakers protect
also the input cable in short-circuit situations, restrict drive damage and prevent
damage to adjoining equipment in caseof a short-circuit inside thedrive. No separate
fuses or circuit breakers for the input cable protection are required.

WARNING Due to the inherent operating principle and construction of
circuit breakers, independentof themanufacturer, hot ionizedgases canescape
from the breaker enclosure in case of a short-circuit. Tomake sure of safe use,
pay special attention to the installation and placement of the breakers. Obey
the manufacturer’s instructions.

￭ Protecting the motor and motor cable in short circuits
The drive protects the motor cable and motor in a short-circuit situation when:

Guidelines for planning the electrical installation 67

11



• The motor cable is sized correctly

• The motor cable type complies with the motor cable selection guidelines

• The cable length does not exceed the allowed maximum length specified for the
drive

• The setting of parameter 99.10Motor nominal power in the drive is equal with the
value given on the motor rating plate

The electronic power output short-circuit protection circuitrymeets the requirements
of IEC 60364-4-41:2005 + AMD1:2017.

￭ Protecting the motor cables against thermal overload
The drive protects the motor cables against thermal overload when the cables are
sized according to the nominal output current of the drive. No additional thermal
protection devices are needed.

WARNING If the drive is connected to multiple motors, use a separate
overload protection for each motor cable and motor. The drive overload
protection is tuned for the total motor load. It may not detect an overload in
one motor circuit only.

￭ Protecting the motor against thermal overload
According to regulations, themotormust be protected against thermal overload and
the current must be switched off when overload is detected. The drive includes a
motor thermal protection function that protects the motor and switches off the
current when necessary. Depending on a drive parameter value, the function either
monitors a calculated temperature value (based on a motor thermal model) or an
actual temperature indication given by motor temperature sensors.

The motor thermal protection model supports thermal memory retention and speed
sensitivity. The user can tune the thermalmodel further by feeding in additionalmotor
and load data.

The most common temperature sensor types are PTC or Pt100.

For more information, refer to the firmware manual.

￭ Protecting the motor against overload without thermal model or
temperature sensors
Motor overload protection protects themotor against overload without usingmotor
thermal model or temperature sensors.

Motor overload protection is required and specified by the common IEC 61800-5-1
standard in conjunction with IEC 60947-4-1. The standards allow for motor overload
protection without external temperature sensors.

The protection feature allows the user to specify the class of operation in the same
manner as the overload relays are specified in standards IEC 60947-4-1.

The motor overload protection supports thermal memory retention and speed
sensitivity.

For more information, refer drive firmware manual.
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Protecting the drive against ground faults
The drive is equipped with an internal ground fault protective function to protect the
unit against ground faults in the motor and motor cable. This function is not a
personnel safety or a fire protection feature. Refer the firmware manual for more
information.

￭ Residual current device compatibility

CAUTION This product can cause a DC current in the PE conductor. If you
use a residual current-operatedprotective device (RCD) for protection against
electric shock, use only an RCD of Type B on the supply side. All upstream RCD,
up to the supply transformer, must be of Type B.

Note: As standard, the drive contains capacitors connected between themain circuit
and the frame. These capacitors and long motor cables increase the ground leakage
current and may cause nuisance faults in residual current devices.

Implementing the emergency stop function
For safety reasons, install the emergency stopdevices at eachoperator control station
andatotheroperatingstationswhere theemergency stopmaybeneeded. Implement
the emergency stop according to relevant standards.

Note:Youcanuse theSafe torqueoff functionof thedrive to implement theEmergency
stop function.

Implementing the Safe torque off function
Refer The Safe torque off function (page 191).

Using power factor compensation capacitors with the
drive
Power factor compensation is not needed with AC drives. However, if a drive is to be
connected in a system with compensation capacitors installed, note the following
restrictions.

NOTICE Do not connect power factor compensation capacitors or harmonic filters
to themotor cables (between the drive and themotor). They are not designed for use
with AC drives and can cause permanent damage to the drive or themselves.
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If there are power factor compensation capacitors in parallel with the input of the
drive:

1. Do not connect a high-power capacitor to the power line while the drive is
connected. The connection will cause voltage transients that can trip or cause
damage to the drive.

2. If capacitor load is increased/decreased step by step when the AC drive is
connected to the power line,make sure that the connection steps are low enough
not to cause voltage transients that would trip the drive.

3. Make sure that the power factor compensation unit is suitable for use in systems
with ACdrives, ie, harmonic generating loads. In such systems, the compensation
unit should typically be equipped with a blocking reactor or harmonic filter.

Controlling a contactor between drive and motor
The control of the output contactor depends on how you use the drive, that is, which
motor control mode and which motor stop mode you select.

1. Give a stop command to the drive.

2. Open the contactor.

Protecting the contacts of relay outputs
Inductive loads (relays, contactors, motors) cause voltage transients when switched
off.

Install the protective component as close to the inductive load as possible. Do not
install protective components at the relay outputs.

230 V AC

230 V AC

+ 24 V DC

1
2

3

4

Relay output1

Varistor2

RC filter3

Diode4
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Limiting relay output maximum voltages at high
installation altitudes
Refer Isolation areas (page 120) and Isolation areas (page 123).

Implementing a motor temperature sensor connection

WARNING IEC 61800-5-1 requires double or reinforced insulation between
the live parts and accessible parts when:

• the accessible parts are not conductive, or

• the accessible parts are conductive, but not connected to the protective
earth.

Obey this requirementwhen youplan the connectionof themotor temperature
sensor to the drive.

To connect a motor temperature sensor and other similar components to the drive,
you have four alternatives:

1. If there is double or reinforced insulation between the sensor and the live parts
of the motor, you can connect the sensor directly to the analog/digital input(s)
of the drive. Refer the control cable connection instructions. Make sure that the
voltage is not more than the maximum allowed voltage over the sensor.

2. If there is basic insulation between the sensor and the live parts of the motor, or
if the insulation type is not known: You can connect the sensor to the drive via an
option module. The sensor and the module must form a double or reinforced
insulation between the motor live parts and the drive control unit. Refer section
Connection ofmotor temperature sensor to the drive via an optionmodule (page
100). Make sure that the voltage does not exceed the maximum allowed voltage
over the sensor.

3. If there is basic insulation between the sensor and the live parts of the motor, or
if the insulation type is not known: You can connect a sensor to a digital input of
the drive via an external relay. The sensor and the relay must form a double or
reinforced insulation between the motor's live parts and the digital input of the
drive. Make sure that the voltage does not exceed the maximum allowed voltage
over the sensor.

￭ Connecting a motor temperature sensor to the drive through an
option module
This table shows:

• optionmodule types that youcanuse for themotor temperaturesensor connection

• insulationor isolation level that eachoptionmodule formsbetween its temperature
sensor connector and other connectors

• temperature sensor types that you can connect to each option module

• temperature sensor insulation requirement in order to form, together with the
insulation of the option module, a reinforced insulation between the motor live
parts and the drive control unit.
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Contents of this chapter
This chapter describes how to:

• measure the insulation

• do the grounding system compatibility check

• change the EMC filter or ground-to-phase varistor connection

• connect the power and control cables

• install optional modules

• connect a PC.

WARNING Obey the safety instructions of the drive. If you ignore them,
injury or death, or damage to the equipment canoccur. If you are not aqualified
electrical professional, do not do installation, commissioning or maintenance
work.

Make sure that the drive is disconnected from the input power during
installation. If the drive is already connected to the input power, wait for 5
minutes after disconnecting the input power.

6
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Necessary tools
To do the electrical installation, you need these tools:

• wire stripper

• screwdriver set (Torx, Phillips, flat and/or Pozidriv, as necessary)

• torque wrench.

Grounding the motor cable shield at the motor end
For minimum radio-frequency interference, ground the cable shield 360° at the cable
entry of the motor terminal box.

Measuring the insulation

￭ Measuring the insulation resistance of the drive

NOTICE Do not do voltagewithstand or insulation resistance tests on the drive. The
tests can cause damage to the drive. Every drive is tested for insulation between the
main circuit and the chassis at the factory. Also, there are voltage-limiting circuits
inside the drive which cut down the testing voltage automatically.

￭ Measuring the insulation resistance of the input power cable
Before youconnect the inputpower cable to thedrive,measure its insulation resistance
according to local regulations.

￭ Measuring the insulation resistance of the motor and motor cable

WARNING Obey the safety instructions of the drive. If you ignore them,
injury or death, or damage to the equipment canoccur. If you are not aqualified
electrical professional, do not do installation, commissioning, ormaintenance
work.

1. Do the steps in Electrical safety precautions (page 16) before you start the work.

2. Make sure that the motor cable is disconnected from the drive output terminals.

3. Measure the insulation resistance between each phase conductor and the
protective earth conductor. Use ameasuring voltage of 1000 VDC. The insulation
resistanceof anABBmotormustbemore than 100Mohm(reference valueat 25 °C
). For the insulation resistance of other motors, refer to the manufacturer’s
instructions.
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Note:Moisture inside the motor reduces the insulation resistance. If you think that
there is moisture in the motor, dry the motor and do the measurement again.

1000 V DC,
> 100 Mohm

U1-PE, V1-PE, W1-PE

ohm

M
3~

U1

V1

W1
PE

￭ Brake resistor assembly for R1…R3

WARNING Obey the safety instructions of the drive. If you ignore them,
injury or death, or damage to the equipment canoccur. If you are not aqualified
electrical professional, do not do electrical installation, commissioning or
maintenance work.

1. Stop the drive and do the steps in Electrical safety precautions (page 16) before
you start the work.

2. Make sure that the resistor cable is connected to the resistor and disconnected
from the drive output terminals.

3. At the drive end, connect the R+ and R- conductors of the resistor cable together.
Measure the insulation resistance between the conductors and the PE conductor
with a measuring voltage of 1000 V DC. The insulation resistance must be more
than 1 Mohm.

R-

R+

ohm

PE

1000 V DC,
> 1 Mohm

Grounding system compatibility check
The standard drive can be installed to a symmetrically grounded TN-S system. For
other systems, refer sections EMC filter and Ground-to-phase varistors (page 76)
below.

￭ EMC filter
A drive with EMC filter connected can be installed to a symmetrically grounded TN-S
system. If you install the drive to another system, you may need to disconnect the
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EMC filter. Refer sectionsWhen to disconnect EMC filter or ground-to-phase varistor:
TN-S, IT, corner-grounded delta andmidpoint-grounded delta systems (page 76), and
Guidelines for installing the drive to a TT system (page 77).

WARNING Donot install the drivewith the EMC filter connected to a system
that the filter is not suitable for. This can cause danger, or damage the drive.

Note:When the internal EMC filter is disconnected, the drive EMC compatibility is
considerably reduced. Refer EMC compatibility and motor cable length (page 165).

￭ Ground-to-phase varistors
Adrivewith theground-to-phase varistor connectedcanbe installed toa symmetrically
grounded TN-S system. If you install the drive to another system, you may need to
disconnect the varistor. Refer sections When to disconnect EMC filter or
ground-to-phase varistor: TN-S, IT, corner-grounded delta and midpoint-grounded
delta systems (page 76), andGuidelines for installing thedrive to aTTsystem (page 77).

WARNING Do not install the drive with the ground-to-phase varistor
connected toa systemthat the varistor is not suitable for. It can causedamage
to the varistor circuit.

￭ When to disconnect EMC filter or ground-to-phase varistor: TN-S, IT,
corner-grounded delta and midpoint-grounded delta systems
Requirements for disconnecting EMC filter and varistor and additional requirements
for different electrical power systems are given below.

IT systems(ungroundedorhigh-
resistance grounded
[>30 ohms]) (C)

Corner-grounded (B1) and mid-
point-grounded delta systems
(B2)
≤ 600 V

Symmetrically grounded
TN systems (TN-S sys-
tems) ie. center-grounded
wye (A)

Frame
size

DisconnectEMCandVARscrews.Not applicableDo not disconnect EMCor
VAR screws.

R1…R3

R4 v2

Disconnect EMC screws (2 pcs)
and VAR screw.

Not evaluated1)Do not disconnect EMCor
VAR screws.

R4…R5

Disconnect EMC screws (2 pcs)
and VAR screw.

Do not disconnect EMC AC or
VAR screws.

Do not disconnect EMCor
VAR screws.

R6…R9

Disconnect EMC DC screw.
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IT systems(ungroundedorhigh-
resistance grounded
[>30 ohms]) (C)

Corner-grounded (B1) and mid-
point-grounded delta systems
(B2)
≤ 600 V

Symmetrically grounded
TN systems (TN-S sys-
tems) ie. center-grounded
wye (A)

Frame
size

Drive Drive

PE
L3
L2

L1

L3

L2

L1

Drive

PE
L3
L2

L1

B1 C

B2

PE

L2

L3

L1

N

Drive

A

1) Frames R1 and R5 are not evaluated for use on corner-grounded systems or midpoint-grounded delta systems by
IEC standards.

Note: These are the EMC filter and varistor screws of different drive frame sizes.

Ground-to-phase varistor screwsEMC filter screwsFrame size

VAREMC screwR1…R3

R4 v2

VARTwo EMC screwsR4…R5

VARTwo EMC screwsR6…R9

￭ Guidelines for installing the drive to a TT system
The drive can be installed to a TT system under these conditions:

1. Residual current device has been installed in the supply system.

2. These screwshavebeendisconnected.Otherwise EMC filter andground-to-phase
varistor capacitor leakage current will cause the residual current device to trip.

Ground-to-phase varistor screwsEMC filter screwsFrame size

VAREMC screwR1…R3

R4 v2

VARTwo EMC screwsR4…R5

VARTwo EMC screwsR6…R9
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Ground-to-phase varistor screwsEMC filter screwsFrame size

Drive

N

L3

L2

L1

Note:

• Because the EMC filter screws have been disconnected, ABB does not guarantee
the EMC category.

• ABB does not guarantee the functioning of the ground leakage detector built
inside the drive.

• In large systems the residual current device can trip without a reason.
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￭ Identifying the grounding system of the electrical power network

WARNING Only aqualifiedelectrical professionalmaydo thework instructed
in this section. Depending on the installation site, the work may even be
categorized as live working. Continue only if you are an electrical professional
certified for the work. Obey the local regulations. If you ignore them, injury or
death can occur.

WARNING Obey the safety instructions of the drive. If you ignore them,
injury or death, or damage to the equipment canoccur. If you are not aqualified
electrical professional, do not do electrical installation, commissioning or
maintenance work.

To identify the grounding system, examine the supply transformer connection. Refer
to the applicable electrical diagrams of the building. If that is not possible, measure
these voltages at the distribution board, and use the table to define the grounding
system type.

1. input voltage line to line (UL-L)

2. input voltage line 1 to ground (UL1-G)

3. input voltage line 2 to ground (UL2-G)

4. input voltage line 3 to ground (UL3-G).

The table belowshows the line-to-ground voltages in relation to the line-to-line voltage
for each grounding system.

Electrical power system typeUL3-GUL2-GUL1-GUL-L

TN-S system (symmetrically grounded)0.58·X0.58·X0.58·XX

Corner-grounded delta system (nonsymmet-
rical)01.0·X1.0·XX

Midpoint-groundeddeltasystem(nonsymmet-
rical)0.5·X0.5·X0.866·XX

IT systems (ungrounded or high-resistance-
grounded [>30 ohms]) nonsymmetrical

Varying level
versus time

Varying level
versus time

Varying level
versus timeX

TT system (the protective earth connection
for the consumer is provided by a local earth
electrode, and there is another independently
installed at the generator)

Varying level
versus time

Varying level
versus time

Varying level
versus timeX
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￭ Disconnecting internal EMCfilter orground-to-phasevaristor - frames
R1…R3
To disconnect the internal EMC filter or ground-to-phase varistor, if needed, do as
follows:

1. Switch off the power from the drive.

2. Open the front cover, if not already opened, refer page 83.

3. To disconnect the internal EMC filter, remove the EMC screw (3a) and place it in
the storage place (3b).

4. To disconnect the ground-to-phase varistor, remove the varistor screw (4a) and
place it in the storage place (4b)

R2R1

4b

3b

4a

3a

B

A

8 
m

m

4b3b

4a

3a

B

A

R3

Screw

EMC (DC)A

VARB

4b3b

4a

3a

A

B
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Note: Drive with cable box is used as an example in the figure. Cable box is optional
and need to be ordered separately.

￭ Disconnecting internal EMCfilter orground-to-phasevaristor - frames
R4…R9
To disconnect the internal EMC filter or ground-to-phase varistor, if needed, do as
follows:

1. Switch off the power from the drive.

2. Open the cover, if not already opened.

3. To disconnect the internal EMC filter, remove the EMC screw(s).

4. To disconnect the ground-to-phase varistor, remove the varistor screw.
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R4R4 v2

3

4

A

3 B

C

3 A

4 C

R6…R9R5

3 B

3 A

4C

3

3

4

A

B

C

Screw

EMC (DC)A

EMC (AC)B

VARC

Note: Drive with cable box is used as an example in the figure. Cable box is optional
and need to be ordered separately.
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Connecting the power cables

￭ Connection diagram

L1 L2 L3 T1/U T2/V T3/W
UDC+

R+R-

L1 L2 L3(PE) (PE)PE

PE

U1
V1

W1

3 ~ M

1

2a

2b

3

5

6

43

7

For alternatives, refer section Selecting the main supply disconnecting device (page 55)1

Use a separate grounding PE cable (2a) or a cablewith a separate PE conductor (2b) if the conduct-
ivity of the shield does notmeet the requirements for the PE conductor (refer Selecting the power
cables (page 60))

2

360-degreegrounding is recommended if shielded cable is used.Ground theother endof the input
cable shield or PE conductor at the distribution board.

3

360-degree grounding is required4

External brake resistor5

Use a separate grounding cable if the shield does not meet the requirements of IEC 61439-1 (refer
Selecting the power cables (page 60))

6

du/dt or common mode filter (optional), refer Common mode, du/dt and sine filters (page 223)7

Note: Frames R1…R3 have a built-in brake chopper. If necessary, you can connect a brake resistor to
terminals R-and UDC+/R+. The brake resistor is not included in the drive delivery. In frames R4…R9,
you can connect an external brake chopper to terminals UDC+ and UDC- . The brake chopper is not in-
cluded in the drive delivery.

Do not use an asymmetrically constructed motor cable for motors above 30 kW (refer General
guidelines (page 60)). Connecting its fourth conductor at the motor end increases bearing currents
and causes extra wear.

For a single phase connection, use terminals L1 and L2.

￭ Connection procedure, frames R1…R4
1. Remove the front cover: Loosen the retaining screw with a T20 Torx screwdriver

(1a) and lift the cover from the bottom outwards (1b) and then up (1c).
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IP20,
R3…R4

IP20,
R1…R2

1a

1b

1c

1b

1c

1a

WARNING If you install thedriveonanyother systemthansymmetrically
grounded TN-S system, refer Grounding system compatibility
check (page 75) if you have to disconnect the EMC filter and
ground-to-phase varistor.

2. Attach the residual voltage warning sticker in the local language.

R3…R4R2R1

222

Note:Drivewith cable box is usedas an example in the figure. Cable box is optional
and need to be ordered separately.

84 Electrical installation-IEC



Motor cable

3. Prepare the ends of the cable as illustrated in the figures. In frames R1 and R2
there aremarkings on the drive frame near the power cable terminals helping you
to strip the wires to the correct length of 8 mm.

Two different motor cable types are shown (6a, 6b).

Note: The bare shield will be grounded 360 degrees. Mark the pigtail made from
the shield as a PE conductor with yellow-and-green colour.

6

6

4. Connect the motor cable:
• Ground the shield 360 degrees by tightening the clamp of the power cable

grounding shelf onto the stripped part of the cable. (7a)
• If you need more working space, open the screw (7d) and lift the EMC plate

off. Remember to put it back after you have installed motor and input power
cables.

• Connect the twisted shield of the cable to the grounding terminal. (7b)
• Connect the phase conductors of the cable to the T1/U, T2/V and T3/W

terminals. Tighten the screws to the torque given in the table below (7c).

Electrical installation-IEC 85

11



R3R1…R2

BRAKE RESINPUT
PE

MOTOR
R-R+

UDC+ W/3TV/2TU/1T3L2L1L

7b7c

7a

MOTOR
T1/U T2/V T3/W

INPUT
L1 L2 L3

BRAKE RES
R-R+

UDC+

PE

7b
7c

7a

R4R4 v2

7c
7b

7a

L1 L2 L3 UDC+ UDC- T1/U T2/V T3/W

7a

7c

7b

7d

L1 L2 L3 UDC+ T1/U T2/V T3/WUDC-

R4 v2R4R3R2R1Frame size

N·mN·mN·mN·mN·m

5.54.03.51.51.0T1/U, T2/V, T3/W

2.92.91.51.51.5PE,

1.21.21.21.21.2

Note:Drivewith cable box is usedas an example in the figure. Cable box is optional
and need to be ordered separately.

Input power cable

5. Prepare the ends of the cable as illustrated in the figure.

Note: The bare shield will be grounded 360 degrees. Mark the pigtail made from
the shield as a PE conductor with yellow-and-green colour.
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6. Connect the input power cable:
• Ground the shield 360 degrees by tightening the clamp of the power cable

grounding shelf onto the stripped part of the cable (11a).
• Connect the twisted shield of the cable to the grounding terminal (11b).
• Connect theadditional PE conductorof the cable (11c) (refer thenote in section

Additional instructions and notes (page 17)).
• Connect the phase conductors of the cable to the L1, L2 and L3 terminals.

Tighten the screws to the torque given below in the table (11d).

R3R1…R2

BRAKE RESINPUT
PE

MOTOR
R-R+

UDC+ W/3TV/2TU/1T3L2L1L

11b 11c

11a

11d

MOTOR
T1/U T2/V T3/W

INPUT
L1 L2 L3

BRAKE RES
R-R+

UDC+

PE

11b 11c

11a

11d

R4R4 v2

11a

11d
11b

L1 L2 L3 UDC+ T1/U T2/V T3/WUDC-

11d

11b

11a

L1 L2 L3 UDC+ T1/U T2/V T3/WUDC-

R4 v2R4R3R2R1Frame size

N·mN·mN·mN·mN·m

5.54.03.51.51.0L1, L2, L3

2.92.91.51.51.5PE,
1.21.21.21.21.2
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Note:Drivewith cable box is usedas an example in the figure. Cable box is optional
and need to be ordered separately.

Brake resistor cable (if used)

Frames R1…R3 only

7. Repeat steps 4…6 for the brake resistor cable. Cut off one phase conductor.

PE13

8. Connect the cable as the motor cable in step 7. Ground the shield 360 degrees
(14a). Connect the twisted shield to the grounding terminal (14b) and the
conductors to the R+ and R- terminals (14c) and tighten to the torque given in the
table.

R3R1…R2

BRAKE RESINPUT
PE

MOTOR
R-R+

UDC+ W/3TV/2TU/1T3L2L1L

14c

14a

14b

MOTOR
T1/U T2/V T3/W

INPUT
L1 L2 L3

BRAKE RES
R-R+

UDC+

PE

14b
14c

14a

R3R2R1Frame size

N·mN·mN·m

3.51.51.0R+, R-

1.51.51.5PE,

1.21.21.2

Note: Drivewith cable box is used as an example in the figure. Cable box is optional
and need to be ordered separately.

Finalization

Note: Frame R1: You have to install any optional I/O extension module, if used, in
options slot 2 at this point. Refer section Installing option modules (page 103).
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9. Secure the cables outside the unit mechanically.

10. Ground the motor cable shield at the motor end. For minimum radio frequency
interference, ground themotor cable shield 360 degrees at the cable entry of the
motor terminal box.

￭ Connection procedure, frame R5
1. Remove themodule cover: Loosen the retainingscrewswithaT20Torx screwdriver

(1a) and lift the cover from the bottom outwards (1b) and then up (1c).
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IP20

1a

1c

1b

1

WARNING If you install thedriveonanyother systemthansymmetrically
grounded TN-S system, refer Grounding system compatibility
check (page 75) if you have to disconnect the EMC filter and
ground-to-phase varistor.

2. Attach the residual voltagewarning sticker in the local languagenext to the control
unit.

3. Remove the shroud on the power cable terminals by releasing the clips with a
screwdriver (3a) and pulling the shroud out (3b).

3

3a

3a

3b

2

Note:Drivewith cable box is usedas an example in the figure. Cable box is optional
and need to be ordered separately.
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Motor cable

Use symmetrical shielded cable for motor cabling. If the cable shield is the sole
PE conductor for drive or motor, make sure that is has sufficient conductivity for
the PE.

4. Prepare the ends of the motor cable as illustrated in figures 5a and 5b (two
different motor cable types are shown). If you use aluminum cables, put grease
to the peeled aluminum cable before connecting it to the drive.

Note: The bare shield will be grounded 360 degrees. Mark the pigtail made from
the shield as a PE conductor with yellow-and-green color.

5

5

5. Connect the motor cable:
• Ground the shield 360 degrees by tightening the clamp of the power cable

grounding shelf onto the stripped part of the cable (7a).
• Connect the twisted shield of the cable to the grounding terminal (7b).
• Connect the phase conductors of the cable to the T1/U, T2/V and T3/W

terminals (7c). Tighten the screws to the torque given in the table.
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PE

8

8a

8b

8c7

PE,T1/U, T2/V, T3/W
Frame size

N·mN·mMN·m

1.22.2M55.6R5

Note: Drivewith cable box is used as an example in the figure. Cable box is optional
and need to be ordered separately.

Input power cable

6. Repeat steps 4…6 for the input power cable.

5

5
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7. Connect the input power cable. Use terminals L1, L2 and L3. Tighten the screws
to the torque given in the table.

PE

10

10a

10b
10c

PE,L1, L2, L3Frame size

N·mN·mMN·m

1.22.2M55.6R5

Note:Drivewith cable box is usedas an example in the figure. Cable box is optional
and need to be ordered separately.

8. Reinstall the shroud on the power terminals by putting the tabs at the top of the
shroud in their counterparts on thedrive frame (11a) and thenpressing the shroud
in place (11b).

12

12a 12b

Note:Drivewith cable box is usedas an example in the figure. Cable box is optional
and need to be ordered separately.

Finalization
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9. Secure the cables outside the unit mechanically.

10. Ground the motor cable shield at the motor end. For minimum radio frequency
interference, ground themotor cable shield 360 degrees at the cable entry of the
motor terminal box.

￭ Connection procedure, frames R6…R9

WARNING If you install the drive on any other system than symmetrically
grounded TN-S system, refer Grounding system compatibility check (page 75)
if you have to disconnect the EMC filter and ground-to-phase varistor.

1. Attach the residual voltagewarning sticker in the local languagenext to the control
unit.

1

Note: Drivewith cable box is used as an example in the figure. Cable box is optional
and need to be ordered separately.

2. Remove the shroud on the power cable terminals by releasing the clips with a
screwdriver (3a) and pulling the shroud out (3b).

3. Knock out holes in the shroud for the cables to be installed.

Motor cable

4. Prepare the ends of the input power cable and motor cable as illustrated in the
figure. If youuse aluminumcables, put grease to thepeeledaluminumcablebefore
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connecting it to thedrive. Twodifferentmotor cable types are shown in the figures
(7a, 7b).

Note: The bare shield will be grounded 360 degrees. Mark the pigtail made from
the shield as a PE conductor with yellow-and-green color.

5

5

5. Connect the motor cable:
• Ground the shield 360 degrees under the grounding clamps.
• Connect the twisted shield of the cable to the grounding terminal (9a).
• Connect thephase conductorsof the cable to terminals T1/U, T2/VandT3/W.

Tighten the screws to the torque given in the table (9b).

Input power cable

6. Connect the input power cable as in step 9. Use terminals L1, L2, L3.
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8

10a

10b

8

M5×25/35 

9a

9b

PE,L1, L2, L3, T1/U,
T2/V, T3/W

Frame size

N·mN·mN·m

1.29.830R6

1.29.840R7

1.29.840R8

1.29.870R9

Note:Drivewith cable box is usedas an example in the figure. Cable box is optional
and need to be ordered separately.

Detaching and reinstalling the connectors

This is possible but not recommended.
Terminals T1/U, T2/V and T3/W
• Remove the nut that attaches the connector to its busbar.
• Put the conductor under the connector pressure plate and pre-tighten the

conductor.
• Put the connector back to its busbar. Start the nut, and turn it at least two

rotations by hand.

WARNING Before you use tools, make sure that the nut or screw is not
cross-threading. Cross-threading candamage thedrive and causedanger.

• Tighten the nut to a torque of 30 N·m .
Terminals L1, L2 and L3
• Remove the combi screw that attaches the connector to its terminal post,

and pull the connector off.
• Put the conductor under the connector pressure plate and pre-tighten the

conductor.
• Put the connector back onto the terminal post. Start the combi screw, and

turn it at least two rotations by hand.

WARNING Before you use tools, make sure that the nut or screw is not
cross-threading. Cross-threading candamage thedrive and causedanger.
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• Tighten the combi screw to a torque of 30 N·m .
• Tighten the conductor(s) to 40 N·m for frame R8 or to 70 N·m ofor frame R9.

7. Install the grounding shelf of the control cables.

8. Reinstall the shroud on the power terminals.

9. Secure the cables outside the unit mechanically.

1312

Note:Drivewith cable box is usedas an example in the figure. Cable box is optional
and need to be ordered separately.

10. Ground the motor cable shield at the motor end. For minimum radio frequency
interference, ground themotor cable shield 360 degrees at the cable entry of the
motor terminal box.

DC connection
The UDC+ and UDC- terminals (as standard in frames R4…R9) are for using external
brake chopper units.
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Connecting the control cables

￭ Connection diagram
Refer Default I/O connection diagram for the default I/O connections of the drive.

￭ Control cable connection procedure,frames R1…R9

WARNING Obey the safety instructions of the drive. If you ignore them,
injury or death, or damage to the equipment can occur.

1. Do the steps in Electrical safety precautions (page 16) before you start the work.

2. Remove the front cover(s) if not already removed. Refer to page 83 (R1…R4), page
89 (R5) or page 94 (R6…R9).
Analog signals
The figures for frames R1…R3 (page 99), R4 (page 100), R5 (page 101) and R6…R9
(page 102) showanexampleof connectingacable.Make theconnectionsaccording
to the default configuration.

3. If you have ordered an optional conduit box, cut an adequate hole into the rubber
grommet and slide the grommet onto the cable. Slide the cable through a hole in
the cable entry and attach the grommet to the hole.

4. Ground the outer shield of the cable 360 degrees under the grounding clamp.
Keep the cable unstrippedas close to the terminals of the control unit aspossible.
Frames R5…R9: Secure the cables mechanically at the clamps below the control
unit.
Ground also the pair-cable shields and grounding wire at the SCR terminal.

5. Route the cable as shown in the figures for frames R1…R3 (page 99), R4 (page
100), R5 (page 101) and R6…R9 (page 102).

6. Connect the conductors to the appropriate terminals of the control unit and
tighten to 0.5…0.6 N·m .
Digital signals
The figures for frames R1…R3 (page 99), R4 (page 100), R5 (page 101) and R6…R9
(page 102) showanexampleof connectingacable.Make theconnectionsaccording
to the macro in use.

7. Cut an adequate hole into the rubber grommet and slide the grommet onto the
cable. Slide the cable through the hole in the cable entry and attach the grommet
to the hole.

8. Ground the outer shield of the cable 360 degrees under the grounding clamp.
Keep the cable unstrippedas close to the terminals of the control unit aspossible.
Frames R5…R9: Secure the cables mechanically at the clamps below the control
unit.
If youusedouble-shieldedcables, groundalso thepair-cable shields andgrounding
wire at the SCR terminal.

9. Route the cable as shown in the figures for frames R1…R3 (page 99), R4 (page
100), R5 (page 101) and R6…R9 (page 102).
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10. Connect the conductors to the appropriate terminals of the control unit and
tighten to 0.5…0.6 N·m .

11. Tie all control cables to the provided cable tie mounts.

Note:

• Leave the other ends of the control cable shields unconnected or ground them
indirectly via a high-frequency capacitorwith a fewnanofarads, eg, 3.3 nF / 630 V.
The shield can also be grounded directly at both ends if they are in the same
ground line with no significant voltage drop between the end points.

• Keep any signal wire pairs twisted as close to the terminals as possible. Twisting
the wire with its return wire reduces disturbances caused by inductive coupling.

BRAKE RESINPUT
PE

MOTOR
R-R+

UDC+ W/3TV/2TU/1T3L2L1L

3
4

11

11

5

7
8

6

9

10

INPUT BRAKE RES MOTOR

L1 L2 L3 R+
UDC+

R- T1 T2 T3
U V W

PE

5

7

8

6

9

10

11

11

4

3

R3: 0.5…0.6 N·m

R1…R2: 0.5…0.6 N·m
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4 8

6

10

7

4

3

5 9

11

11

8

L1 L2 L3 UDC+ T1/U T2/V T3/WUDC-

R4
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R5

4

6
11

11

10

4

3

5

7

8

9

       0.5...0.6 N·m 

84

Electrical installation-IEC 101

11



R6…R9
0.5...0.6 N·m

0.5...0.6 N·m 

M4×20
4

6

10

3

4

4

5

7

8

9

8

11

11

Note: The drive with the cable box is used as an example in the figures. The cable box
is optional and needs to be ordered separately.
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Installing option modules

WARNING Obey the safety instructions of the drive. If you ignore them,
injury or death, or damage to the equipment can occur.

1. Stop the drive and do the steps in section Electrical safety precautions (page 16)
before you start the work.

￭ Option slot 2 (I/O extension modules)
1. Put the module carefully into its position on the control unit.

2. Tighten the mounting screw.

3. Tighten thegroundingscrew (CHASSIS) to0.8N·m.Thescrewgrounds themodule.
It is necessary for fulfilling the EMC requirements and for correct operation of the
module.

1

2

3

￭ Option slot 1 (fieldbus adapter modules)
1. Put the module carefully into its position on the control unit.

2. Tighten the mounting screw (CHASSIS) to 0.8 N·m. The screw tightens the
connections and grounds the module. It is necessary for fulfilling the EMC
requirements and for correct operation of the module.

Electrical installation-IEC 103

11



1

2

￭ Wiring the optional modules
Refer theappropriateoptionmodulemanual or for I/Ooptions theappropriate chapter
in this manual.
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Reinstalling covers

￭ Reinstalling cover, frames R1…R4
1. Reinstall the cover: Put the tabs on the cover top in their counterparts on the

housing (1a) and the press the cover (1b).

2. Tighten the retaining screw at the bottom with a T20 Torx screwdriver.

IP20 R3…R4IP20 R1…R2

1a

1b

2

1a

1b

2

￭ Reinstalling covers, frames R5...R9
Reinstall themodule cover: Press the cover at thebottom (2a) and tighten the retaining
screws (2b).

IP20

2

2a
2b
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Control unit

Contents of this chapter
This chapter contains thedefault I/Oconnectiondiagram,descriptionsof the terminals
and technical data for the drive control unit (CCU-23 and CCU-24).

7
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Layout
The layout of the external control connection terminals on the drive module control
unit is shown below.

￭ CCU-23 (frames R1…R5)

SLOT 1

1…3

4…6

7…9

10…12

13…18

34…38

19...21

22...24

25...27

X12

SLOT 1

SLOT 2

EFB

TERM

BIAS

29…31

Option slot 1 (fieldbus adapter modules)

ANALOG IN/OUT

Analog input 11…3

Analog input 24…6

Analog outputs7…9

Auxiliary voltage output, digital
input common

10…12

DIGITAL IN

Digital inputs13…18

STO

Safe torque off connection.34…38

Panel port (control panel connec-
tion, wired at the factory to the
control panel)

X12

EFB

EIA/RS-485 fieldbus connector

Bias resistor switchBIAS

End termination switchTERM

Connection terminals29…31

SLOT 2

Option slot 2 (I/O extension modules)

RO1… RO3

Relay output 1 (RO1)19…21

Relay output 2 (RO2)22…24

Relay output 3 (RO3)25…27
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￭ CCU-24 (frames R6…R9)

SLOT 1

1…3

4…6

7…9

10…12

13…15

16…18

34…38

40, 41

19...21

22...24

25...27X12

AIR IN TEMP

FAN 2, FAN 1

X15

SLOT 1

EFB

SLOT 2

BIAS

TERM

Option slot 1 (fieldbus adapter modules)

ANALOG IN/OUT

Analog input 11…3

Analog input 24…6

Analog outputs7…9

Auxiliary voltage output10…12

DIGITAL IN

Digital inputs13…18

STO

Safe torque off connection.34…38

Internal air temperature NTC
sensor connection

AIR IN TEMP

Internal fan 2 connectionFAN2

Internal fan 1 connectionFAN1

Panel port (control panel connec-
tion, wired at the factory to the
control panel)

X12

Reserved to internal use.X15

EFB

EIA/RS-485 fieldbus connector

Bias resistor switchBIAS

End termination switchTERM

Connection terminals29…31

SLOT 2

Option slot 2 (I/O extension modules)

24VAC/DCexternal power input40, 41

RO1… RO3

Relay output 1 (RO1)19…21

Relay output 2 (RO2)22…24

Relay output 3 (RO3)25…27
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Default I/O connection diagram

￭ Default I/O connection diagram
The default control connections for the HVAC default are shown below.

CCU-23 (frames R1…R5)

DescriptionTermConnection

X1 Reference voltage and analog inputs and outputs

Signal cable shield (screen)SCR1

 

1
2
3
4
5
6
7
8
9

 

1...10 kohm

Max.
500 ohm

6)

Output frequency/speed reference:0…10V
1)

AI12

Analog input circuit commonAGND3

Reference voltage 10 V DC+10V4

Actual feedback: 0…20 mA 1)AI25

Analog input circuit commonAGND6

Output frequency: 0…10 VAO17

Motor current: 0…20 mAAO28

Analog output circuit commonAGND9

X2 & X3 Aux. voltage output and programmable digital inputs

Aux. voltage output +24 VDC,max. 250mA
2)

+24V1010
11
12
13
14
15
16
17
18

4)

5)

Aux. voltage output commonDGND11

Digital input common for allDCOM12

Stop (0) / Start (1)DI113

Not configuredDI214

Constant frequency/speed selection 3)DI315

Start interlock 1 (1 = allow start)DI416

Not configuredDI517

Not configuredDI618

X5 Embedded fieldbus

Embedded fieldbus, EFB (EIA-485)B+29
29
30
31
S4
S5

A-30

DGND31

Termination switchTERMS4

Termination switchBIASS5

X6, X7, X8 Relay outputs
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DescriptionTermConnection

Damper controlRO1C1919
20
21
22
23
24
25
26
27

Damper actuator

Run status

Fault status

250 V AC / 30 V DC

2 A
RO1A20

RO1B21

Running

250 V AC / 30 V DC

2 A

RO2C22

RO2A23

RO2B24

Fault (-1)

250 V AC / 30 V DC

2 A

RO3C25

RO3A26

RO3B27

X4 Safe Torque Off

Safe torque off. Factory connection. Both
circuits must be closed for the drive to
start. Refer to The Safe torque off func-
tion (page 191).

OUT13434
35
36
37
38

4)

4)

OUT235

SGND36
X4 Safe Torque OffIN137

IN238

Total load capacity of the Auxiliary voltage output +24V (X2:10) is 6.0 W (250 mA / 24 V DC).

Digital inputs DI1…DI5 also support 10…24 V AC.

Terminal sizes: 0.2 … 2.5 mm2 (24…14 AWG) (Terminals +24V, DGND, DCOM, B+, A-, DGND, Ext. 24V)

Terminal sizes: 0.14 … 1.5 mm2 (26…16 AWG) (Terminals DI, AI, AO, AGND, RO, STO)

Tightening torques: 0.5 … 0.6 N·m

Wire strip length 7…8mm
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CCU-24 (frames R6…R9)

DescriptionTermConnection

X1 Reference voltage and analog inputs and outputs

Signal cable shield (screen)SCR1

 

1
2
3
4
5
6
7
8
9

 

1...10 kohm

Max.
500 ohm

6)

Output frequency/speed reference:0…10V
1)

AI12

Analog input circuit commonAGND3

Reference voltage 10 V DC+10V4

Actual feedback: 0…20 mA 1)AI25

Analog input circuit commonAGND6

Output frequency: 0…10 VAO17

Motor current: 0…20 mAAO28

Analog output circuit commonAGND9

X2 & X3 Aux. voltage output and programmable digital inputs

Aux. voltage output +24 VDC,max. 250mA
2)

+24V1010
11
12
13
14
15
16
17
18

4)

5)

Aux. voltage output commonDGND11

Digital input common for allDCOM12

Stop (0) / Start (1)DI113

Not configuredDI214

Constant frequency/speed selection 3)DI315

Start interlock 1 (1 = allow start)DI416

Not configuredDI517

Not configuredDI618

X6, X7, X8 Relay outputs

Damper controlRO1C1919
20
21
22
23
24
25
26
27

Damper actuator

Run status

Fault status

250 V AC / 30 V DC

2 A
RO1A20

RO1B21

Running

250 V AC / 30 V DC

2 A

RO2C22

RO2A23

RO2B24

Fault (-1)

250 V AC / 30 V DC

2 A

RO3C25

RO3A26

RO3B27

X5 Embedded fieldbus

Embedded fieldbus, EFB (EIA-485)

B+29
29
30
31
S4
S5

A-30

DGND31

Termination switchTERMS4

Bias resistors switchBIASS5

X4 Safe Torque Off
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DescriptionTermConnection

Safe torque off. Factory connection. Both
circuits must be closed for the drive to
start. Refer to The Safe torque off func-
tion (page 191).

OUT13434
35
36
37
38

4)

4)

OUT235

SGND36

IN137

IN238

X10 24 V AC/DC

External 24 V AC/DC input to power up the
control unitwhen themain supply isdiscon-
nected. 7)

24 V
AC/DC+ in

4040
41

24 V
AC/DC- in

41

Total load capacity of the Auxiliary voltage output +24V (X2:10) is 6.0 W (250 mA / 24 V DC).

Digital inputs DI1…DI5 also support 10…24 V AC.

Terminal sizes (all terminals): 0.14 … 2.5 mm2 (26…14 AWG)

Tightening torques: 0.5 … 0.6 N·m

Wire strip length 7…8mm

Notes:

Current [0(4)…20 mA, Rin = 100 ohm] or voltage [0(2)…10 V, Rin >200 kohm]. Change of setting
requires changing the corresponding parameter.

1)

Total load capacity of the Auxiliary voltage output +24V (X2:10) is 6.0 W (250mA / 24 V) minus the
power taken by the option modules installed on the board.

2)

In scalar control: SeeMenu > Primary settings > Start, stop, reference > Constant speeds / con-
stant frequencies or parameter group 28 Frequency reference chain.

3)

Operation/ParameterDI3

Set frequency through AI10

28.26 Constant frequency 11

Connected with jumpers at the factory.4)

Use shielded twisted-pair cables for digital signals.5)

Ground the outer shield of the cable 360° under the grounding clamp on the grounding shelf, and
the pair-cable shields and grounding wire at the grounding terminal (SCR) of the control unit.

6)

WARNING Connect an external ACpower supply (24 VAC) only to control unit connectors
40 and41. If you connect it to connector AGND,DGNDor SGND, damage to the power supply
or control unit can occur.

7)

Additional information on I/O connections

￭ Embedded EIA-485 fieldbus connection
TheEIA-485network uses shielded, twisted-pair cablewith a characteristic impedance
of 100…130ohm for data signaling. The distributed capacitance between conductors
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is less than 100pFpermeter. Distributed capacitance between conductors and shield
is less than 200 pF per meter. Foil or braided shields are acceptable.

Connect the cable to the EIA-485 terminal on the control unit. Obey these wiring
instructions:

• Attach the cable shields together at each drive, but do not connect them to the
drive.

• Connect the cable shields only to the grounding terminal in the automation
controller.

• Connect the signal ground (DGND) conductor to the signal ground reference
terminal in the automation controller. If the automation controller does not have
a signal ground reference terminal, connect the signal ground conductor to the
cable shield througha 100ohmresistor, preferably near the automation controller.

Connection examples are shown below.

With signal ground reference terminal

G R - +

1

D
G

N
D

2

D
G

N
D

2

D
G

N
D

23 3 3

ON

1

4

ON

1

ON

1

4

ON

1

ON

1

4

ON

1

B+ A- B+ A- B+ A-

Without signal ground reference terminal

G - +

1

D
G

N
D

2

D
G

N
D

2

D
G

N
D

23 3 3

ON

1

4

ON

1

ON

1

4

ON

1

ON

1

4

ON

1

B+ A- B+ A- B+ A-

100 ohm

Automation controller1

Drive2

Termination switch. The devices at the ends of the fieldbus must have termination on. All other
devices must have termination off.

3

Biasing switch. One (and only one) device, preferably at the end on the bus must have the bias
on.

4

￭ Connecting motor temperature sensors to the drive
IEC/EN 60664 requires double or reinforced insulation between the control unit and
the live parts of the motor. To achieve this, use an CMOD-02 I/O extension module.
Refer Implementing a motor temperature sensor connection and chapter CMOD-02
multifunction extension module (external 24 V AC/DC and isolated PTC interface).
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￭ PNP configuration for digital inputs (DIGITAL IN)

External 24 V DC voltage source

10 +24 V
11 DGND
12 DCOM
13 DI1
14 DI2
15 DI3
16 DI4
17 DI5
18 DI6

24 V DC
0 V DC

Internal 24 V voltage source

10 +24 V
11 DGND
12 DCOM
13 DI1
14 DI2
15 DI3
16 DI4
17 DI5
18 DI6

External 24 V AC voltage source

10 +24 V
11 DGND
12 DCOM
13 DI1
14 DI2
15 DI3
16 DI4
17 DI5
18 DI6

24 V AC
0 V AC

Note: DI6 is not supported with external 24 V AC
voltage source.

WARNING CCU-23: If you connect extern-
al 24 V AC voltage source via CMOD-01 or
CMOD-02 to control unit, do not connect 24
V AC to terminal block DIGITAL IN. It can
cause damage to the control unit.

CCU-24: If you connect external 24 V AC
voltage source to terminal block EXTERNAL
POWER IN (terminals 40 and 41), do not
connect 24 V AC to terminal block DIGITAL
IN. It can cause damage to the control unit.

￭ NPN configuration for digital inputs (DIGITAL IN)

External 24 V DC voltage source

10 +24 V
11 DGND
12 DCOM
13 DI1
14 DI2
15 DI3
16 DI4
17 DI5
18 DI6

0 V DC
24 V DC

Internal 24 V voltage source

10 +24 V
11 DGND
12 DCOM
13 DI1
14 DI2
15 DI3
16 DI4
17 DI5
18 DI6

External 24 V AC voltage source

10 +24 V
11 DGND
12 DCOM
13 DI1
14 DI2
15 DI3
16 DI4
17 DI5
18 DI6

0 V AC
24 V AC

WARNING CCU-23: If you connect extern-
al 24 V AC voltage source via CMOD-01 or
CMOD-02 to control unit, do not connect 24
V AC to terminal block DIGITAL IN. It can
cause damage to the control unit.

CCU-24: If you connect external 24 V AC
voltage source to terminal block EXTERNAL
POWER IN (terminals 40 and 41), do not
connect 24 V AC to terminal block DIGITAL
IN. It can cause damage to the control unit.
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Note: DI6 is not supported in the NPN configuration.

￭ Connection for obtaining 0…10 V from analog output 2 (AO2)
Toobtain 0…10V fromanalogoutput AO2, connect a 500ohmresistor (or two 1 kohm
resistors in parallel) between analog output AO2 and analog common ground AGND.

X1

8 AO2

9 AGND

500 ohm

X1

8 AO2

9 AGND

1 kohm 1 kohm

0…
10

V

0…
10

V

￭ Connection examples of two-wire and three-wire sensors to analog
input (AI2)

Note:Themaximumcapability of the auxiliary voltage output (24 VDC [250mA])must
not be exceeded.

An example of a two-wire sensor/transmitter supplied by the drive auxiliary voltage
output is shown below. Set the input signal to 4…20 mA, not 0…20 mA.

4…20 mA

+

-P
I

 

... 

AI2
AGND

+24V
DGND

An example of a three-wire sensor/transmitter supplied by the drive auxiliary voltage
output is shownbelow.The sensor is supplied through its current output and thedrive
feeds the supply voltage (+24 V DC). Thus the output signal must be 4…20 mA, not
0…20 mA.

4…20 mA

+

-
P

I

 

... 

AI2
AGND

+24V
DGND

OUT

￭ DI5 as frequency input
For setting the parameters for the digital frequency input, refer the firmwaremanual.

￭ Safe torque off (X4)
For the drive to start, both connections (+24 V DC to IN1 and +24 V DC to IN2) must
be closed. By default, the terminal block has jumpers to close the circuit.

116 Control unit



Remove the jumpers before connecting an external Safe torque off circuitry to the
drive. Refer also chapter The Safe torque off function (page 191).

Note: Only 24 V DC can be used for STO. Only PNP input configuration can be used.
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Technical data

￭ CCU-23 (frames R1…R5)

Maximum power: 25 W, 1.04 A at 24 V AC/DC ±10% as standardExternal power supply
through option module
CMOD-01 or CMOD-02

Terminal size: 0.2 … 2.5 mm2 (24 … 14 AWG)

Total load capacity of the outputs is 6.0 W (250 mA / 24 V) minus the
power taken by the option modules installed on board.
Terminal size: 0.2 … 2.5 mm2 (24 … 14 AWG)

+24 V DC output

(Term. 10)

Input type: NPN/PNP
Terminal size: 0.14 … 1.5 mm2 (26 … 16 AWG)

Digital inputs DI1…DI6

(Term. 13…18)
DI1…DI4 (Term. 13…16)
12/24 V DC logic levels: "0" < 4 V, "1" > 8 V
Rin: 3 kohm
Hardware filtering: 0.04 ms, digital filtering: 2 ms sampling

DI5 (Term.17)
Can be used as a digital or frequency input.
12/24 V DC logic levels: "0" < 4 V, "1" > 8 V
Rin: 3 kohm
Max. frequency: 16 kHz
Symmetrical signal (duty cycle D = 0.50)

DI6 (Term.18)

Can be used as a digital or PTC input.
12/24 V DC logic levels: "0" < 3 V, "1" > 8 V
Rin: 3 kohm
Max. frequency: 16 kHz
Symmetrical signal (duty cycle D = 0.50)

Hardware filtering: 0.04 ms, digital filtering: 2 ms sampling

Note: DI6 is not supported in the NPN configuration.
PTCmode–PTC thermistor canbeconnectedbetweenDI6and+24VDC:
< 1.5 kohm = ‘1’ (low temperature), > 4 kohm = ‘0’ (high temperature),
open circuit = ‘0’ (high temperature).
DI6 is not a reinforced/double insulated input. Connecting the motor
PTCsensor to this input requires usageof a reinforced/double insulated
PTC sensor inside the motor

250 V AC / 30 V DC, 2 A. Terminal size: 0.14 … 1.5 mm2 (26 … 16 AWG)Relay outputs RO1…RO3
(Term. 19…27) Refer section Isolation areas (page 120).

Current/voltage inputmode selectedwith aparameter, seeConnecting
motor temperature sensors to the drive (page 114).
Current input: 0(4)…20 mA, Rin: 100 ohm
Voltage input: 0(2)…10 V, Rin: > 200 kohm
Terminal size: 0.14 … 1.5 mm2 (26 … 16 AWG)

Analog inputs AI1 and AI2
(Term. 2 and 5)

Inaccuracy: typical ±1%, max. ±1.5% of full scale

Inaccuracy for Pt100 sensors: 10 °C (50 °F)

Current/voltage output mode for AO1 selected with a parameter, refer
Connection for obtaining0…10V fromanalogoutput 2 (AO2) (page 116).
Current output: 0…20 mA, Rload: < 500 ohm
Voltage input: 0…10 V, Rload: > 100 kohm (AO1 only)
Terminal size: 0.14 … 1.5 mm2 (26 … 16 AWG)

Analog outputs AO1 and AO2
(Term. 7 and 8)

Inaccuracy: ±1% of full scale (in voltage and current modes)

Max. 20 mA outputReference voltage output for
analog inputs +10V DC (Term.
4)

Inaccuracy: ±1%
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Connector pitch 5 mm, maximum wire size 2.5 mm2 (14 AWG)
Physical layer: EIA-485
Cable type: Shielded twisted pair cable with twisted pair for data and a
wire or pair for signal ground, nominal impedance 100…165 ohms, for
example Belden 9842
Transmission rate: 9.6 … 115.2 kbit/s
Termination by switch

Embedded fieldbus (X5)

24 V DC logic levels: "0" < 5 V, "1" > 13 V
Rin: 2.47 kohm
Terminal size: 0.14 … 1.5 mm2 (26 … 16 AWG)

Safe torque off (STO) inputs
IN1 and IN2 (Term. 37 and 38)

EIA-485, male RJ-45 connector, max. cable length 100 m (328 ft)Control panel - drive connec-
tion

USB Type Mini-B, max. cable length 2 m (6.5 ft)Control panel - PC connection
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X6
RO3

X7

X8

RO2

RO1

X1

X2

AI/AO

24 V
GND

X3
DI

X4
STO

X5
EFB

SLOT1

SLOT2

1

3

2

Isolation areas

Panel port1

Fieldbus extension2

I/O extension3

Reinforced insulation (IEC/EN
61800-5-1:2007)

Functional insulation (IEC/EN
61800-5-1:2007)

Belowaltitudes 4000m (13123 ft): The terminals on the control unit fulfill
the Protective Extra LowVoltage (PELV) requirements (EN50178): There
is reinforced insulation between the user terminals which only accept
ELV voltages and terminals that accept higher voltages (relay outputs).
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Ground isolation diagram

X1
1 SCR
2 AI1
3 AGND
4 +10V
5 AI2
6 AGND
7 AO1
8 AO2
9 AGND
X2 & X3
10 +24V
11 DGND
12 DCOM
13 DI1
14 DI2
15 DI3
16 DI4
17 DI5
18 DI6
X6, X7, X8
19 RO1C
20 RO1A
21 RO1B
22 RO2C
23 RO2A
24 RO2B
25 RO3C
26 RO3A
27 RO3B
X5
29 B+
30 A-
31 DGND
X4
34 OUT1
35 OUT2
36 SGND
37 IN1
38 IN2

Slot 1 Slot 2

*)

*) Jumper installed at factory

￭ CCU-24 (frames R6…R9)

Maximum power: 36 W, 1.50 A at 24 V AC/DC ±10% as standardExternal power supply

Terminal size: 0.14 … 2.5 mm2 (26 … 14 AWG)Term. 40, 41
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Total load capacity of this output is 6.0 W (250 mA / 24 V) minus the
power taken by the option modules installed on board.
Terminal size: 0.14 … 2.5 mm2 (26 … 14 AWG)

+24 V DC output

(Term. 10)

Input type: NPN/PNP
Terminal size: 0.14 … 2.5 mm2 (26 … 14 AWG)

Digital inputs DI1…DI6

(Term. 13…18)
DI1…DI4 (Term. 13…16)
12/24 V DC logic levels: "0" < 4 V, "1" > 8 V
Rin: 3 kohm
Hardware filtering: 0.04 ms, digital filtering: 2 ms sampling

DI5 (Term.17)
Can be used as a digital or frequency input.
12/24 V DC logic levels: "0" < 4 V, "1" > 8 V
Rin: 3 kohm
Max. frequency: 16 kHz
Symmetrical signal (duty cycle D = 0.50)

DI6 (Term.18)

Can be used as a digital or PTC input.
12/24 V DC logic levels: "0" < 3 V, "1" > 8 V
Rin: 3 kohm
Max. frequency: 16 kHz
Symmetrical signal (duty cycle D = 0.50)

Hardware filtering: 0.04 ms, digital filtering: 2 ms sampling

Note: DI6 is not supported in the NPN configuration.
PTCmode–PTC thermistor canbeconnectedbetweenDI6and+24VDC:
< 1.5 kohm = ‘1’ (low temperature), > 4 kohm = ‘0’ (high temperature),
open circuit = ‘0’ (high temperature).
DI6 is not a reinforced/double insulated input. Connecting the motor
PTCsensor to this input requires usageof a reinforced/double insulated
PTC sensor inside the motor

250 V AC / 30 V DC, 2 A. Terminal size: 0.14 … 2.5 mm2 (26 … 14 AWG)Relay outputs RO1…RO3
(Term. 19…27) Refer section Isolation areas (page 123).

Current/voltage inputmodeselectedwithaparameter, referConnecting
motor temperature sensors to the drive (page 114).
Current input: 0(4)…20 mA, Rin: 100 ohm
Voltage input: 0(2)…10 V, Rin: > 200 kohm
Terminal size: 0.14 … 2.5 mm2 (26 … 14 AWG)

Analog inputs AI1 and AI2
(Term. 2 and 5)

Inaccuracy: typical ±1%, max. ±1.5% of full scale

Inaccuracy for Pt100 sensors: 10 °C

Current/voltage output mode for AO1 selected with a parameter, refer
Connection for obtaining0…10V fromanalogoutput 2 (AO2) (page 116).
Current output: 0…20 mA, Rload: < 500 ohm
Voltage input: 0…10 V, Rload: > 100 kohm (AO1 only)
Terminal size: 0.14 … 2.5 mm2 (26 … 14 AWG)

Analog outputs AO1 and AO2
(Term. 7 and 8)

Inaccuracy: ±1% of full scale (in voltage and current modes)

Max. 20 mA outputReference voltage output for
analog inputs +10V DC (Term.
4)

Inaccuracy: ±1%

24 V DC logic levels: "0" < 5 V, "1" > 13 V
Rin: 2.47 kohm
Terminal size: 0.14 … 2.5 mm2 (26 … 14 AWG)

Safe torque off (STO) inputs
IN1 and IN2 (Term. 37 and 38)
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Connector pitch 5 mm, maximum wire size 2.5 mm2 (14 AWG)
Physical layer: EIA-485
Cable type: Shielded twisted pair cable with twisted pair for data and a
wire or pair for signal ground, nominal impedance 100…165 ohms, for
example Belden 9842
Transmission rate: 9.6 … 115.2 kbit/s
Termination by switch

Embedded fieldbus (X5)

EIA-485, male RJ-45 connector, max. cable length 100 mControl panel - drive connec-
tion

USB Type Mini-B, max. cable length 2 mControl panel - PC connection

19…21
RO1

22…24
RO2

25…27
RO3

EFB
EIA/R5-485

34…38
STO

40, 41
Ext. 24 V

10…12
24 V
GND

13…15
DI

16…18
DI

1…3
AI1

4…6
AI2

7…8
AO

SLOT 1

SLOT 2

2

1

Isolation areas

Panel port1

Power unit connection at the bottom of the control unit2

Reinforced insulation (IEC/EN 61800-5-1:2007)

Functional insulation (IEC/EN 61800-5-1:2007)

The terminals on the control unit fulfill the Protective Extra LowVoltage
(PELV) requirements (EN 50178): There is reinforced insulation between
the user terminals which only accept ELV voltages and terminals that
accept higher voltages (relay outputs).

Note: There is functional insulation also between the individual relay
outputs.

Note: There is reinforced insulation on the power unit.
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Ground isolation diagram

X1
1 SCR
2 AI1
3 AGND
4 +10V
5 AI2
6 AGND
7 AO1
8 AO2
9 AGND
X2 & X3
10 +24V
11 DGND
12 DCOM
13 DI1
14 DI2
15 DI3
16 DI4
17 DI5
18 DI6
X6, X7, X8
19 RO1C
20 RO1A
21 RO1B
22 RO2C
23 RO2A
24 RO2B
25 RO3C
26 RO3A
27 RO3B
X5
29 B+
30 A-
31 DGND
X4
34 OUT1
35 OUT2
36 SGND
37 IN1
38 IN2
X10
40 24VAC/DC+in
41 24VAC/DC-in

Slot 1 Slot 2

*)

*) Jumper installed at factory
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Installation checklist

Contents of this chapter
This chapter contains a checklist for the mechanical and electrical installation of the
drive.

Checklist

WARNING Obey the safety instructions of the drive. If you ignore them,
injury or death, or damage to the equipment canoccur. If you are not aqualified
electrical professional, do not do electrical installation, commissioning or
maintenance work.

WARNING Do the steps in Electrical safety precautions (page 16) before
you start the work.

Examine themechanical and electrical installation of the drive before start-up. Do the
tasks in the checklist together with a second person.

Make sure that …

Theambient operating conditionsmeet thedrive ambient conditions specification andenclosure
rating (IP code).

The supply voltagematches the nominal input voltage of the drive. Refer to the type designation
label.

The insulation resistanceof the inputpower cable,motor cable, andmotor ismeasuredaccording
to local regulations and the manuals of the drive.

The drive is attached securely to an even, vertical, and non-flammable surface.

The cooling air can flow freely in and out of the drive.

8
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Make sure that …

If the drive is connected to a network other than a symmetrically grounded TN-S system: You
havedoneall the requiredmodifications (for example, youmayneed todisconnect theEMC filter
or ground-to-phase varistor). Refer to the electrical installation instructions.

Appropriate AC fuses and main disconnecting device are installed.

There is an adequately sized protective earth (ground) conductor(s) between the drive and the
switchboard, the conductor is connected to correct terminal, and the terminal is tightened to
the correct torque.

Grounding is measured according to the regulations.

The input power cable is connected to the correct terminals, the phase order is correct, and the
terminals are tightened to the correct torque.

There is an adequately sized protective earth (ground) conductor between the motor and the
drive. The conductor is connected to the correct terminal, and the terminal is tightened to the
correct torque.

Grounding has also been measured according to the regulations.

Themotor cable is connected to thecorrect terminals, thephaseorder is correct, and the terminals
are tightened to the correct torque.

The motor cable is routed away from other cables.

No power factor compensation capacitors are connected to the motor cable.

If an external brake resistor is connected to the drive: There is an adequately sized protective
earth (ground) conductor between thebrake resistor and thedrive, and the conductor is connec-
ted to the correct terminal, and the terminals are tightened to the correct torque. Grounding
has also been measured according to the regulations.

If an external brake resistor is connected to the drive: The brake resistor cable is connected to
the correct terminals, and the terminals are tightened to the correct torque.

If an external brake resistor is connected to the drive: The brake resistor cable is routed away
from other cables.

The control cables are connected to the correct terminals, and the terminals are tightened to
the correct torque.

If a drive bypass connectionwill be used: The direct-on-line contactor of themotor and the drive
output contactor are either mechanically and/or electrically interlocked, that is, they cannot be
closed at the same time. A thermal overload devicemust be used for protectionwhen bypassing
the drive. Refer to local codes and regulations.

There are no tools, foreign objects, or dust from drilling inside the drive.

The area in front of the drive is clean: the drive cooling fan cannot draw any dust or dirt inside.

Drive covers and the terminal box cover of the motor are in place.

The motor and the driven equipment are ready for power-up.
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Start-up

Contents of this chapter
This chapter describes the start-up procedure of the drive.

Reforming the capacitors
The capacitorsmust be reformed if the drive has not been powered (either in storage
or unused) for a year ormore. Themanufacturingdate is on the typedesignation label.
For informationon reforming the capacitors, refer toCapacitor reforming instructions
(3BFE64059629 [English]).

Start-up procedure
1. Run setup of the drive control program according to the start-up instructions

given in or in the firmware manual.
• For drives with resistor braking: Refer chapter Resistor braking (page 185).
• For SynRMmotor drives: Set bit 2 of parameter 95.21 HW options word 2 to

SynRM.
• For sine filters: ReferSine filter hardwaremanual (3AXD50000016814 [English]).

2. Validate theSafe torqueoff function according to the instructionsgiven in chapter
The Safe torque off function (page 191).

9
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Maintenance

Contents of this chapter
This chapter contains maintenance instructions.

Maintenance intervals
The tables below show themaintenance taskswhich can be done by the end user. The
complete maintenance schedule is available on the Internet
(new.abb.com/drives/services/maintenance/preventive-maintenance). For more
information, consult your local ABB Service representative
(www.abb.com/searchchannels).

￭ Description of symbols

DescriptionAction

Inspection (visual inspection and maintenance action if needed)I

Performance of on/off-site work (commissioning, tests, measurements or other work)P

ReplacementR

10
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￭ Recommended maintenance intervals after start-up

DescriptionAction

Quality of supply voltageP

Spare partsI

Capacitor reforming for spare modules and spare capacitors, refer Capacit-
ors (page 138)

P

Tightness of terminalsI

Dustiness, corrosion or temperatureI

Heatsink cleaning, see Cleaning the heatsink (page 131)P

Years from start-upComponent

21181512963

Cooling

Fans, IP20 frames R1 to R9

RRRMain cooling fan
R1…R4, R5 v2: page 133, R5: page 135

RRMain cooling fan (LONGLIFE)
R6…R8: page 135, R9: page 136

RRRAuxiliary cooling fan for circuit boards
R4 v2, R5 v2 IP20 drive types 077A-4 and 089A-4, R5 v2: page138

RRAuxiliary cooling fan (LONGLIFE) for circuit boards, R5: page138, R6…R9:
page 137

Aging

RRControl panel battery: page 139

Functional safety

I
See themaintenance informa-
tion of the safety function.

Safety function test

20 yearsSafety component expiry (Mission time, TM)

Note:

• Maintenance and component replacement intervals are based on the assumption
that the equipment is operated within the specified ratings and ambient
conditions. ABB recommends annual drive inspections to ensure the highest
reliability and optimum performance.

• Long term operation near the specified maximum ratings or ambient conditions
may require shortermaintenance intervals for certain components. For additional
maintenance recommendations, contact ABB.
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Cleaning the exterior

WARNING Obey the safety instructions of the drive. If you ignore them,
injury or death, or damage to the equipment canoccur. If you are not aqualified
electrical professional, do not do electrical installation, commissioning or
maintenance work.

1. Stop the drive and do the steps in Electrical safety precautions (page 16) before
you start the work.

2. Clean the exterior. Use:
• vacuum cleaner with an antistatic hose and nozzle
• soft brush
• dry or damp (not wet) cleaning cloth. Moisten with clean water, or mild

detergent (pH 5…9 for metal, pH 5…7 for plastic).

NOTICE Donot use toomuchwater, a hose, or steamto clean thedrive.Moisture
can go into the drive and cause damage.

Cleaning the heatsink
Theheatsinkof thepowermodule (drive, supply, inverter, converter, and soon) collects
dust from the cooling air. This can cause overtemperature warnings and faults. When
it is necessary, clean the heatsink as follows.

WARNING Obey the safety instructions of the drive. If you ignore them,
injury or death, or damage to the equipment canoccur. If you are not aqualified
electrical professional, do not do electrical installation, commissioning or
maintenance work.

CAUTION Use the requiredpersonal protective equipment.Wear protective
gloves and long sleeves. Some parts have sharp edges.

1. Stop the drive and do the steps in Electrical safety precautions (page 16) before
you start the work.

2. Remove the module cooling fan(s). Refer to the separate instructions.

3. Protect the adjacent equipment from dust.

4. Blow dry, clean, and oil-free compressed air from the bottom to the top, and
simultaneously use a vacuum cleaner at the air outlet to collect the dust.

NOTICE Use an antistatic wrist strap and a vacuum cleaner with an antistatic
hose and nozzle. A normal vacuum cleaner creates static discharges which can
cause damage to circuit boards.

5. Install the cooling fan.
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Fans
Refer Maintenance intervals (page 129) for the fan replacement interval in average
operation conditions.

Parameter 05.04 Fan on-time counter indicates the running time of the cooling fan.
Reset the counter after a fan replacement. Refer the firmware manual.

In a speed-controlled fan, the speed of the fan matches the cooling needs. This
increases the life span of the fan.

Main fans are speed controlled. When the drive is stopped, the main fan runs at low
speed until the drive cools down. IP20 frames R5…R9 have auxiliary fans that are not
speed controlled and run all the time when the control unit is powered.

Replacement fans are available fromthemanufacturer. Donot useother than specified
spare parts.
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￭ Replacing the main cooling fan, IP20 frames R1…R4

WARNING Obey the safety instructions of the drive. If you ignore them,
injury or death, or damage to the equipment can occur.

1. Stop the drive and disconnect it from the power line. Wait for five minutes and
then make sure by measuring that there is no voltage. Refer section Electrical
safety precautions (page 16) before you start the work.

Frames R1…R3

2. Lever the fan assembly off the drive frame with for example a screwdriver (2a)
andpull out the fan assembly (2b) until you can unplug the fan power supplywires
from the fan assembly (2c).

3. Install the fan assembly in reverse order.
Frames R1 and R2: Put the connector and extra length of wires in the groove so
that the wires do not get caught in the revolving fan.
Frame R3: Put the extra length of wires under the fan assembly so that the wires
do not get caught in the revolving fan.

Frames R1 and R2

4
3a

3b
2

Frame R3

43a

3b

2

R4

1. Lever the fan assembly off the drive frame with for example a screwdriver (2a)
and pull out the fan assembly (2b).

2. Install the fan assembly in reverse order.
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R4

2a
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￭ Replacing the main cooling fan, IP20 frames R5…R8

WARNING Obey the safety instructions of the drive. If you ignore them,
injury or death, or damage to the equipment can occur.

1. Stop the drive and disconnect it from the power line. Wait for five minutes and
then make sure by measuring that there is no voltage. Refer section Electrical
safety precautions (page 16) before you start the work.

2. Remove the twomounting screws of the fanmounting plate at the bottomof the
drive.

3. Pull the fan mounting plate down from the side edge.

4. Unplug the fan power supply wires from the drive.

5. Lift the fan mounting plate off.

6. Remove the fan from the mounting plate.

7. Install the new fan in reverse order.

6

2

3

4
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￭ Replacing the main cooling fans, IP20 frame R9

WARNING Obey the safety instructions of the drive. If you ignore them,
injury or death, or damage to the equipment can occur.

1. Stop the drive and disconnect it from the power line. Wait for five minutes and
then make sure by measuring that there is no voltage. Refer section Electrical
safety precautions (page 16) before you start the work.

2. Remove the two mounting screws of the fan mounting plate.

3. Turn the mounting plate downwards.

4. Unplug the fan power supply wires from the drive.

5. Remove the fan mounting plate.

6. Remove the fans by removing the two mounting screws.

7. Install the new fans in reverse order.

6
6

3
4

2

2
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￭ Replacing the auxiliary cooling fan, IP20 frames R6…R9

WARNING Obey the safety instructions of the drive. If you ignore them,
injury or death, or damage to the equipment can occur.

1. Stop the drive and disconnect it from the power line. Wait for five minutes and
then make sure by measuring that there is no voltage. Refer section Electrical
safety precautions (page 16) before you start the work.

2. Remove the front cover. Refer section Installing the drive vertically, frames
R6…R9 (page 53).

3. Unplug fan power supply wires from the drive.

4. Release the retaining clips.

5. Lift the fan off.

6. Install the new fan in reverse order.

Note:Make sure that the arrow on the fan points up.

4

5

3
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￭ Replacing the auxiliary cooling fan, IP20 frame R5

WARNING Obey the safety instructions of the drive. If you ignore them,
injury or death, or damage to the equipment can occur.

1. Stop the drive and disconnect it from the power line. Wait for five minutes and
then make sure by measuring that there is no voltage. Refer section Electrical
safety precautions (page 16) before you start the work.

2. Remove the control panel: Press the retaining clip of the IP20 panel cover (2a) and
open the cover (2b). Press the retaining clip of the control panel at the top (2c)
and pull it forward from the top edge (2d)

3. Remove the front cover: Loosen the retaining screws (frame R4:6 pieces, and
frameR5: IP20 2 pieces)with a screwdriver (3a) and lift the cover from the bottom
outwards (3b) and then up (3c).

4. Unplug the fan power supply wires from the drive.

5. Detach the fan cable from the clips.

6. Pull the fan off.

7. Install the new fan in reverse order.

Note:Make sure that the arrow on the fan points down.

3a

3b

3c

R4: ×6

4

5

6

2d

2a

2b

2c

R5: ×2/×8

Capacitors
The intermediate DC circuit of the drive contains several electrolytic capacitors. The
operating time, load, and surrounding air temperature have an effect on theoperating
life of these capacitors. A lower ambient temperature can increase the operating life
of capacitors.
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Capacitor failure can cause damage to the unit, an input cable fuse failure, or a fault
trip. If you think that any capacitors in the drive have failed, contact ABB.

￭ Reforming the capacitors
Reform the capacitors if the drive was not powered for a year or more (is in storage
or is unused). Read the manufacturing date from the type designation label. For the
instructions, refer to Capacitor reforming instructions (3BFE64059629 [English]).

Control panel
Refer to:

• ACS-AP-I, -S, -WAssistant controlpanelsuser’smanual (3AUA0000085685 [English])

• ACS-BP-S basic control panels user’s manual (3AXD50000032527 [English]).
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LEDs

￭ Drive LEDs
There is a green POWER and a red FAULT LEDon the front of the drive. They are visible
through the panel cover but invisible if a control panel is attached to the drive. The
table below describes the drive LED indications.

Drive LEDs POWER and FAULT, on the front of the drive, under the control panel / panel cover
If a control panel is attached to thedrive, switch to remotecontrol (otherwisea faultwill begenerated),
and then remove the panel to be able to see the LEDs

LED blinkingLED lit and steadyLEDs off

Blinking:
Drive in an alarm state

Green

(POWER)

Power supply on the board OKGreen

(POWER)

No power

Blinking for one second:
Drive selected on the control
panel when multiple drives are
connected to the samepanel bus.

Active fault in the drive. To reset
the fault, switch off the drive
power.

Red
(FAULT)

Active fault in the drive. To reset
the fault, press RESET from the
control panel or switch off the
drive power.

Red
(FAULT)
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￭ Control panel LEDs
The control panel has one LED. The table below describes the control panel LED
indications. For more information refer ACS-AP-I, -S, -W and ACH-AP-H, -W Assistant
control panels user’s manual (3AUA0000085685 [English]).

Control panel LED, at the left edge of the control panel

LED blinking/flickeringLED lit and steadyLED off

Blinking:
Active warning in the drive

Flickering:
Data transferred between the PC
tool and drive through the USB
connection of the control panel

GreenDrive functioning normally.

Connection between the drive and
control panel may be faulty or lost,
or thepanelanddrivemaybe incom-
patible. Check the control panel
display.

GreenPanel
has no
power

Active fault in the drive.

To reset the fault, cycle the drive
power.

RedCheck the display to see where the
fault is.

Red

• Active fault in the drive.
Reset the fault.

• Active fault in another drive in
the panel bus.
Switch to the drive in question
and check and reset the fault.

Panels with a Bluetooth interface
only.

Blinking:
Bluetooth interface is enabled. It is
in discoverablemodeand ready for
pairing.

Flickering:
Data is transfered through the
Bluetooth interface of the control
panel.

Blue
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Functional safety components
The mission time of functional safety components is 20 years which equals the time
during which failure rates of electronic components remain constant. This applies to
the components of the standard Safe torque off circuit as well as anymodules, relays
and, typically, any other components that are part of functional safety circuits.

The expiry of mission time terminates the certification and SIL/PL classification of
the safety function. The following options exist:

• Renewal of the whole drive and all optional functional safety module(s) and
components.

• Renewal of the components in the safety function circuit. In practice, this is
economical only with larger drives that have replaceable circuit boards and other
components such as relays.

Note that someof the componentsmay already have been renewed earlier, restarting
their mission time. The remaining mission time of the whole circuit is however
determined by its oldest component.

For more information, contact ABB.
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Technical data

Contents of this chapter
This chapter contains the technical specifications of the drive including the ratings,
sizes and technical requirements, provisions for fulfilling the requirements for CE and
other approval marks.

Ratings

￭ IEC

Output ratingsInputrat-
ing

Frame
size

Type
ACH531-

01-
Heavy-duty useLight-duty useNominal useMax. cur-

rent

PHdIHdPLdILdPnI2ImaxI1
kWAkWAkWAAA

3-phase Un = 400 V (380…415 V)

0.551.80.752.50.752.63.22.6R102A7-4

0.752.61.13.11.13.34.73.3R103A4-4

1.13.31.53.81.54.05.94.0R104A1-4

1.54.02.25.32.25.67.25.6R105A7-4

2.25.63.06.83.07.210.17.2R107A3-4

3.07.24.08.94.09.413.09.4R109A5-4

4.09.45.512.05.512.615.312.6R112A7-4

5.512.67.516.27.517.022.717.0R2018A-4

7.517.011.023.811.025.030.625.0R2026A-4

11.024.615.030.415.032.044.332.0R3033A-4

15.031.618.536.118.538.056.938.0R3039A-4
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Output ratingsInputrat-
ing

Frame
size

Type
ACH531-

01-
Heavy-duty useLight-duty useNominal useMax. cur-

rent

PHdIHdPLdILdPnI2ImaxI1
kWAkWAkWAAA

18.537.722.042.822.045.067.945.0R3046A-4

2245305830628162R4062A-4

30613768377311073R4 v2073A-4

37724583458913089R4 v2089A-4

37725510055106157106R5106A-4

45877513875145178145R6145A-4

751459016190169247169R7169A-4

90169110196110206287206R7206A-4

110206132234132246350246R8246A-4

1322461)160278160293418293R8293A-4

160293200345200363498363R9363A-4

2003632)200400250430545430R9430A-4

2003853)250480*)250490600450R9490A-4

1) Continuous current, no overloadability

Refer definitions and notes in section Definitions (page 144)

Definitions

Nominal output voltage of the drive. For input voltage range [U1, refer section Electrical
power network specification (page 162). 50 Hz for IEC ratings.

Un

Nominal input current. Continuous rms input current (for dimensioning cables and
fuses).

I1

Maximum output current. Available for two seconds at start.Imax

Nominal output current.Maximumcontinuous rmsoutput current allowed (nooverload).I2

Nominal power of the drive. Typical motor power (no overload). The kilowatt ratings
apply to most IEC 4-pole motors.

Pn

Continuous rms output current. Allows 10% overload for 1 minute every 10 minutes.ILd

Typical motor power in light-duty use (10% overload).PLd

￭ Sizing
Drive sizing is based on the rated motor current, voltage and power. To achieve the
rated motor power given in the table, the rated current of the drive must be higher
than or equal to the rated motor current. Also the rated power of the drive must be
higher than or equal to the rated motor power. The power ratings are the same
regardless of the supply voltage within one voltage range.

Note: The ratings apply at ambient temperature of 40 °C for I2. Above theses
temperatures derating is required.
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Note: The DriveSize dimensioning PC tool available from ABB
(http://new.abb.com/drives/software-tools/drivesize) is recommended for selecting
the drive, motor and gear combination.

￭ Derating
The output load capacity (I2, ILd, IHd; note that Imax is not derated) decreases in certain
situations. In situations, where full motor power is required, oversize the drive so that
the total derated output current provides sufficient capacity to supply the required
nominal voltage to run the motor.

Note: The DriveSize dimensioning PC tool available from ABB
(http://new.abb.com/drives/software-tools/drivesize) is also suitable for derating.

Note: If several situations are present at a time, the effects of derating are cumulative:

I2 (derated) or ILd (derated) = (I2 or ILd) x (switching frequency derating) x (altitude
derating) x (ambient temperature derating), where no derating = 1.0.

Note: The motor may have a derating on it too.

Example 1, IEC: How to calculate the derated current

The IP21 / UL Type 1 drive type is ACH531-01-062A-4, which has drive output current
of 62 A. Calculate the derated drive output current (I2) at 4 kHz switching frequency,
at 1500 m altitude and at 50 °C ambient temperature as follows:

1. Switching frequency derating by derating factor (page 149):
No derating needed for 4 kHz.

2. Altitude derating (page 148):
The derating factor for 1500 m is 1 - 1/10 000 m · (1500 - 1000) m = 0.95.
The derated drive output current becomes I2 = 0.95 · 62 A = 58.9 A.

3. Surrounding air temperature derating, IP21 (UL Type 1) (page 146):
The derating factor for 50 °C ambient temperature = 0.90.
The derated drive output current becomes then I2 = 0.90 · 58.9 A = 53.01 A.

Example 1, UL (NEC): How to calculate the derated current

The IP21 / UL Type 1 drive type is ACH531-01-052A-4, which has drive output current
of 52 A. Calculate the derated drive output current (ILd) at 4kHz switching frequency,
at 4921 ft (1500 m) altitude and at 50 °C ambient temperature as follows:

1. Switching frequency derating by derating factor (page 149):
No derating needed for 4 kHz.

2. Altitude derating (page 148):
The derating factor for 4921 ft (1500m) is 1 - 1/10 000m · (1500 - 1000) m = 0.95.
The derated drive output current becomes ILd = 0.95 · 52 A = 49.4 A.

3. Surrounding air temperature derating, IP21 (UL Type 1) (page 146):
The derating factor for 50 °C ambient temperature = 0.90.
The derated drive output current becomes then ILd = 0.90 · 49.4 A = 44.46 A.

Example 2, IEC: How to calculate the required drive

If your application requires continuous 12.0 A of motor current (I2) at 8 kHz switching
frequency, the supply voltage is 400 V and the drive is situated at 1500maltitude and
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at 35 °C ambient temperature, calculate the appropriate IP21 / (UL Type 1) drive size
requirement as follows:

1. Switching frequency derating by derating factor (page 149):
The minimum size required is I2 = 12.0 A / 0.65 = 18.46 A,
where 0.65 is the derating for 8 kHz switching frequency (frames R2…R3).

2. Altitude derating (page 148):
The derating factor for 1500 m is 1 - 1/10 000 m · (1500 - 1000) m = 0.95.
The minimum size required becomes then I2 = 18.46 A / 0.95 = 19.43 A.

3. Surrounding air temperature derating, IP21 (UL Type 1) (page 146):
No derating needed for 35 °C ambient temperature.

Referring to I2 in the ratings tables (starting from page 143), drive type
ACH531-01-026A-4 exceeds the I2 requirement of 19.43 A.

Example 2, UL (NEC): How to calculate the required drive

If your application requires continuousmaximum current with 10% overload 12.0 A of
motor current (ILd) at 8 kHz switching frequency, the supply voltage is 480 V and the
drive is situatedat4921 ft (1500m)altitudeandat 35 °Cambient temperature, calculate
the appropriate IP21 / UL Type 1 drive size requirement as follows:

1. Switching frequency derating by derating factor (page 149):
The minimum size required is ILd = 12.0 A / 0.65 = 18.46 A,
where 0.65 is the derating for 8 kHz switching frequency (frames R2…R3).

2. Altitude derating (page 148):
The derating factor for 4921 ft (1500m) is 1 - 1/10 000m · (1500 - 1000) m = 0.95.
The minimum size required becomes then ILd = 18.46 A / 0.95 = 19.43 A.

3. Surrounding air temperature derating, IP21 (UL Type 1) (page 146):
No derating needed for 35 °C ambient temperature.

Referring to ILD in the ratings tables (starting from page 143), drive type
ACH531-01-026A-4 exceeds the ILd requirement of 19.43 A.

Surrounding air temperature derating, IP21 (UL Type 1)

IP21 (UL Type 1) drive types, other than the exceptions below

In the temperature range+40…50 °C (+104…122 °F), the ratedoutput current isderated
by 1% for every added 1 °C (1.8 °F). The output current can be calculated bymultiplying
the current given in the rating table by the derating factor (k, in the diagram below).
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T

1.00

0.90

+40 °C
+104 °F

+50 °C
+122 °F

k

0.80
-15 °C
+5°F

…

0.85

0.95

IP21 (UL Type 1) drive type -078A-4; -099A-6, -125A-6, -144A-6

-078A-4: In the temperature range+40…45 °C (+104…113 °F), the ratedoutput current
is derated by 1% for every added 1 °C (1.8 °F). In the temperature range +45…50 °C
(+113…122 °F), the rated output current is derated by 2% for every added 1 °C (1.8 °F).
The output current can be calculated by multiplying the current given in the rating
table by the derating factor (k):

0.90

k

0.80

0.75

0.85

0.95

T
+40 °C
+104 °F

+50 °C
+122 °F

… +45 °C
+113 °F

1.00

-15 °C
+5 °F

0.85

-099A-6, -125A-6, -144A-6: In the temperature range +40…45 °C (+104…113 °F), the
rated output current is not derated at all. In the temperature range +45…50 °C
(+113…122 °F), the rated output current is derated by 1% for every added 1 °C (1.8 °F).
The output current can be calculated by multiplying the current given in the rating
table by the derating factor (k):
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0.90

k

0.80

0.75

0.85

0.95

T
+40 °C

+104 °F
+50 °C
+122 °F

… +45 °C
+113 °F

1.00

0.95

-15 °C
+5 °F

Altitude derating

In altitudes 1000…4000 m (3300…13120 ft) above sea level, the derating is 1% for
every 100 m (330 ft).

Note:There are special considerations in corner-grounded installations above 2000m.
Contact your local ABB representative for further information.

The output current is calculated by multiplying the current given in the rating table
by the derating factor k, which for x meters (1000 m <= x <= 4000 m) is:

Altitude and surrounding air temperature

At altitudes from 1000…4000 m (3281…13123 ft) above sea level and temperature
+40 °C (+104 °F), the derating is 1 percentage point for every additional 100m (328 ft).

If surrounding air temperature is below +40 °C, the derating can be reduced by 1.5
percentage point for every 1 °C reduction in temperature.

A few combined altitude and temperature derating curves for 1000…4000 m are
shown below. For example, if the temperature is 30 °C, the derating factor is 1 - 1.5%
· 10 = 0.85.

For a more accurate derating, use the DriveSize PC tool.
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1500 m

1000 m

+25 °C +30 °C
+77 °F +86 °F

+40 °C
+104 °F

+35 °C
+95 °F

+20 °C
+68 °F

3300 ft

4921 ft

2000 m
6562 ft

2500 m
8202 ft

3000 m
9842 ft

3500 m
11429 ft

4000 m
13123 ft

1.00

0.95

0.85

0.90

0.80

Derating factor 1.00

Derating factor 0.95

Derating factor 0.90

Derating factor 0.85

Derating factor 0.80

Note: Check the supply network compatibility restrictions above 2000 m (6562 ft),
see Installation site altitude (page 168). Check also PELV limitation on relay output
terminals above 2000 m (6562 ft), see sections Isolation areas (page 120) for frames
R1…R5 and Isolation areas (page 123) for frames R6…R9.

Switching frequency derating by derating factor

The output current is calculated by multiplying the current given in the rating table
by the derating factor given in the table below.

Note: If you change the minimum switching frequency with parameter 97.02, derate
according to the table below. Changing parameter 97.01 does not require derating.

IEC

Derating factor (k) for the switching frequencies at 40 °C (+104 °F)ACH531-01-…Frame
size

12 kHz11 kHz10 kHz9 kHz8 kHz7 kHz6 kHz5 kHz4 kHz3 kHz2 kHz1.5 kHz

3-phase Un = 400 V

0.500.530.580.620.670.740.830.90111N/A02A7-4…12A7-4R1

0.480.510.560.600.650.730.820.90111N/A018A-4…026A-4R2

0.480.510.560.600.650.730.820.90111N/A033A-4…046A-4R3

0.640.670.720.760.820.850.900.94111N/A062A-4R4

0.480.510.560.600.650.730.820.90111N/A062A-4R4 v2

0.550.590.630.670.730.790.860.92111N/A073A-4R4

0.470.510.550.600.650.730.820.90111N/A073A-4…089A-4R4 v2
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Derating factor (k) for the switching frequencies at 40 °C (+104 °F)ACH531-01-…Frame
size

12 kHz11 kHz10 kHz9 kHz8 kHz7 kHz6 kHz5 kHz4 kHz3 kHz2 kHz1.5 kHz

0.530.600.630.670.690.770.850.91111N/A106A-4R5

0.520.550.580.620.660.690.740.780.840.910.971145A-4R6

0.530.570.610.660.710.740.790.830.890.940.981169A-4…206A-4R7

0.450.480.520.560.610.650.710.760.820.890.961246A-4…293A-4R8

0.430.460.500.530.580.620.680.730.790.870.951363A-4…430A-4R9

0.540.580.610.660.710.750.800.830.870.920.971490A-4R9

Switching frequency derating with actual output current values

These tables show the output current values with different switching frequencies.
Note that other derating factors, for example ambient temperature and altitude,may
also affect to the output current

IEC

Nominal output current (I2) for the minimum switching frequencies
at 40 °C

Nominalout-
put

ACH531-01-…Frame size

12 kHz8 kHz4kHz2kHz1 kHzI2

3-phase Un = 400 V

1.31.72.62.62.62.602A7-4R1

1.72.23.33.33.33.303A4-4R1

2.02.74.04.04.04.004A1-4R1

2.83.85.65.65.65.605A7-4R1

3.64.87.27.27.27.207A3-4R1

4.76.39.49.49.49.409A5-4R1

6.38.412.612.612.612.612A7-4R1

8.211.117.017.017.017.0018A-4R2

12.016.325.025.025.025.0026A-4R2

15.420.832.032.032.032.0033A-4R3

18.224.738.038.038.038.0039A-4R3

21.629.345.045.045.045.0046A-4R3

39.75162626262062A-4R4

29.740.162626262062A-4R4 v2

40.25373737373073A-4R4

34.647.273737373073A-4R4 v2

41.95889898989089A-4R4 v2

6075106106106106106A-4R5

7596122141145145145A-4R6

90120150166169169169A-4R7

109146183202206206206A-4R7

111150202236246246246A-4R8

132179240281293293293A-4R8

156211287345363363363A-4R9

185249340409430430430A-4R9

185249340409450490490A-4R9
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Output frequency derating

Output frequency derating applies for ratings up to ACH531-01-106A-4 (R5). Inverter
output current is limited by the following factor k below 5Hz absolute inverter output
frequency f_abs.

k = 2/3 + 1/3 · (f_abs / 5 Hz)
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Fuses (IEC)
gG as well as uR or aR fuses for protection against short-circuit in the input power
cable or drive are listed below. Either fuse type can be used for frames R1…R6 if it
operates rapidlyenough.Theoperating timedependsonthesupplynetwork impedance
and the cross-sectional area and length of the supply cable.

Note 1: Refer also Implementing short-circuit and thermal overload
protection (page 67).

Note 2: Fuses with higher current rating than the recommended ones must not be
used.

Note 3: Fuses from other manufacturers can be used if they meet the ratings and the
melting curve of the fuse does not exceed themelting curve of the fusementioned in
the table.

￭ gG fuses
Checkon the fuse time-current curve to ensure the operating timeof the fuse is below
0.5 seconds. Obey the local regulations.

gG (IEC 60269)Input
current

Min.
short-
circuit

current1)

Frame
size

Type
ACH531-

01- IEC
60269
size

ABB typeVoltage
rating

I2tNominal
current

VA2sAAA

3-phase Un = 400 V

000OFAF000H45005542.632R102A7-4

000OFAF000H650011063.348R103A4-4

000OFAF000H650011064.048R104A1-4

000OFAF000H10500360105.680R105A7-4

000OFAF000H10500360107.280R107A3-4

000OFAF000H16500740169.4128R109A5-4

000OFAF000H165007401612.6128R112A7-4

000OFAF000H2550025002517.0200R2018A-4

000OFAF000H3250040003225.0256R2026A-4

000OFAF000H4050077004032.0320R3033A-4

000OFAF000H50500160005038.0400R3039A-4

000OFAF000H63500201006345.0500R3046A-4

000OFAF000H80500375008062800R4062A-4

000OFAF000H10050065000100731000R4 v2073A-4

000OFAF000H10050065000100891000R4 v2089A-4

00OFAF00H1255001030001251061300R5106A-4

00OFAF00H1605001850001601451700R6145A-4

0OFAF0H2505006000002501693300R7169A-4

1OFAF1H3155007100003152065500R7206A-4

1OFAF1H3555009200003552466400R8246A-4

2OFAF2H42550013000004252937800R8293A-4

2OFAF2H50050020000005003639400R9363A-4
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gG (IEC 60269)Input
current

Min.
short-
circuit

current1)

Frame
size

Type
ACH531-

01- IEC
60269
size

ABB typeVoltage
rating

I2tNominal
current

VA2sAAA

3OFAF3H630500280000063043010200R9430A-4

3OFAF3H630500280000063045010200R9490A-4

1) Minimum short-circuit current of the installation
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￭ uR and aR fuses

uR or aR (DIN 43620 blade style)Input
current

Min.
short-
circuit

current1)

Frame
size

Type
ACH531-

01- IEC
60269
size

BussmanntypeVoltage
rating

I2tNominal
current

VA2sAAA

3-phase Un = 400 V

000170M1561690130252.665R102A7-4

000170M1561690130253.365R103A4-4

000170M1561690130254.065R104A1-4

000170M1561690130255.665R105A7-4

000170M1561690130257.265R107A3-4

000170M1561690130259.465R109A5-4

000170M15616901302512.665R112A7-4

000170M15636904604017.0120R2018A-4

000170M15636904604025.0120R2026A-4

000170M156569014506332.0170R3033A-4

000170M156569014506338.0170R3039A-4

000170M156669025508045.0280R3046A-4

000170M1567690465010062380R4062A-4

000170M1568690850012573480R4 v2073A-4

000170M15696901600016089700R4 v2089A-4

1170M3817690465003151061280R5106A-4

1170M3817690465003151451280R6145A-4

2170M58096901050004501691800R7169A-4

2170M58106901450005002062210R7206A-4

2170M58126902750006302463010R8246A-4

3170M6812D6904900008002934000R8293A-4

3170M6814D69098500010003635550R9363A-4

3170M8554D690215000012504307800R9430A-4

3170M8554D690215000012504507800R9490A-4

1) Minimum short-circuit current of the installation
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uR or aR (DIN 43653 bolted tags)Input
current

Min.
short-
circuit

current1)

Frame
size

Type
ACH531-

01- IEC
60269
size

Bussmann typeVoltage
rating

I2tNominal
current

VA2sAAA

3-phase Un = 400 V

000170M1311690130252.665R102A7-4

000170M1311690130253.365R103A4-4

000170M1311690130254.065R104A1-4

000170M1311690130255.665R105A7-4

000170M1311690130257.265R107A3-4

000170M1311690130259.465R109A5-4

000170M13116901302512.665R112A7-4

000170M13136904604017.0120R2018A-4

000170M13136904604025.0120R2026A-4

000170M131569014506332.0170R3033A-4

000170M131569014506338.0170R3039A-4

000170M131669025508045.0280R3046A-4

000170M1417690465010062380R4062A-4

000170M1318690850012573480R4 v2073A-4

000170M13196901600016088700R4 v2089A-4

1170M301569015000200106700R5106A-4

1170M3016690285002501451000R6145A-4

1170M3017690465003151691280R7169A-4

1170M3018690685003502061520R7206A-4

2170M50096901050004502463010R8246A-4

2170M50106901450005002934000R8293A-4

2170M50126902750006303635550R9363A-4

2170M50136904050007004307800R9430A-4

2170M50136904050007004507800R9490A-4

1) Minimum short-circuit current of the installation

Circuit breakers (IEC)
The protective characteristics of circuit breakers depend on the type, construction
and settings of the breakers. There are also limitations pertaining to the short-circuit
capacity of the supply network.

WARNING Pay special attention to the installation and placement of the
breakers. Obey the instructions of the manufacturer. Hot ionized gases can
escape from the breaker enclosure if there is a short circuit.

You can use the circuit breakers listed below. Other circuit breakers can be used with
drive if they provide the same electrical characteristics. ABB does not assume any
liability whatsoever for the correct function and protection with circuit breakers not
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listed below. Furthermore, if the recommendations given by ABB are not obeyed, the
drive can experience problems that the warranty does not cover.

MCBs and MCCBsFrame
size

Type
ACH531-

01- SACEorderingcode
for breaker and re-

lease unit

Electron-
ic release

Tmaxrat-
ing

Tmax
frame XT
/ T class

Max.
short-
circuit

ABB type

Isc
AAAkA

3-phase Un = 400 V

N/AN/AN/AN/A20S 303P-B/C/Z 10R102A7-4

N/AN/AN/AN/A20S 303P-B/C/Z 10R103A4-4

N/AN/AN/AN/A20S 303P-B/C/Z 10R104A1-4

N/AN/AN/AN/A20S 303P-B/C/Z 10R105A7-4

N/AN/AN/AN/A20S 303P-B/C/Z 10R107A3-4

N/AN/AN/AN/A20S 303P-B/C/Z 10R109A5-4

N/AN/AN/AN/A20S 303P-B/C/Z 16R112A7-4

N/AN/AN/AN/A20S 303P-B/C/Z 20R2018A-4

N/AN/AN/AN/A20S 303P-B/C/Z 25R2026A-4

N/AN/AN/AN/A12S 303P-B/C/Z 32R3033A-4

N/AN/AN/AN/A12S 303P-B/C/Z 40R3039A-4

N/AN/AN/AN/A12S 303P-B/C/Z 50R3046A-4

N/AN/AN/AN/A50S 803S-B/C 80R4062A-4

N/AN/AN/AN/A50S 803S-B/C 80R4 v2073A-4

N/AN/AN/AN/A50S 803S-B/C 100R4 v2089A-4

N/AN/AN/AN/A50S 803S-B/C 125R5106A-4

1SDA068555R1250250XT465XT4 L 250 Ekip LS/I
In=250 3p F F

R6145A-4

1SDA068555R1250250XT465XT4 L 250 Ekip LS/I
In=250 3p F F

R7169A-4

1SDA054141R1320320T465T4 L 320 PR221DS-
LS/I In=320 3p F F

R7206A-4

1SDA054365R1400400T565T5 L 400 PR221DS-
LS/I In=400 3p F F

R8246A-4

1SDA054420R1630630T565T5 L 630 PR221DS-
LS/I In=630 3p F F

R8293A-4

1SDA054420R1630630T565T5 L 630 PR221DS-
LS/I In=630 3p F F

R9363A-4

1SDA054420R1630630T565T5 L 630 PR221DS-
LS/I In=630 3p F F

R9430A-4

------R9490A-4
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Dimensions, weights and free space requirements

Dimensions and weightsFrame size

IP20

WeightDWH2*H1*

kgmmmmmmmm

4223125331300R1

6229125432393R2

14.5229203490454R3

18.5257203636600R4, R4 v2

26.5295203596596R5

42.6369252548549R6

49.6370284600601R7

62.8393300680677R8

84.8418380680680R9

*Height without cable box.

IP20, R3…R4IP20, R1…R2

W D

H
1

H
2H

1H
2

D
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IP20, R5…R9
Symbols

IP20

Height frontH1

Height backH2

WidthW

DepthD

W D

H
2

H
1

Losses, cooling data and noise
The air flow direction is from bottom to top.

￭ Cooling air flow, heat dissipation and noise for stand-alone drives
The table below specifies the heat dissipation in the main circuit at nominal load and
in the control circuit with minimum load (I/O, options and panel not in use) and
maximum load (all digital inputs and relays in the ON state, and the panel, fieldbus
and fan in use). The total heat dissipation is the sum of the heat dissipation in the
main and control circuits. Use themaximumheat dissipationwhen designing cabinet
or electrical room cooling needs.

IEC

NoiseAir flowTypical heat dissip-
ation1)

Frame sizeType ACH531-01-

W dB(A)m3/h

3-phase Un = 400 V

594344R102A7-4

594351R103A4-4

594360R104A1-4

594385R105A7-4

594398R107A3-4

5943136R109A5-4

5943213R112A7-4

64101240R2018A-4

64101383R2026A-4

76179492R3033A-4

76179523R3039A-4

76179672R3046A-4

69134873R4062A-4

70150776R4 v2062A-4
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NoiseAir flowTypical heat dissip-
ation1)

Frame sizeType ACH531-01-

W dB(A)m3/h

691341120R4073A-4

70150858R4 v2073A-4

701591028R4 v2089A-4

631391290R5106A-4

674351960R6145A-4

674502021R7169A-4

674502785R7206A-4

655503131R8246A-4

655504071R8293A-4

6811504834R9363A-4

6811506072R9430A-4

6811505831R9490A-4

1) Typical drive losseswhen it operates at 90%of themotor nominal frequency and 100%of the drive nominal output
current.

Terminal and lead-through data for the power cables

￭ IEC
Input, motor , resistor and DC cable lead-throughs, maximum wire sizes (per phase)
and terminal screw sizes and tightening torques (T) are given below.

Grounding terminalsL1, L2, L3, T1/U, T2/V, T3/W terminalsCable lead-throughsFrame
size TMax wire sizeTMax wire size

(solid/stran-
ded)

Min wire size
(solid/stran-

ded)2)

Ø1)Per cable
type

N·mmm2N·mmm2mm2mmpcs

3-phase Un = 400 V

1.516/161.06/40.20/0.25301R1

1.516/161.516/160.5/0.5301R2

1.535/353.535/250.5/0.5301R3

2.935/354.0500.5/0.5451R4

2.935/355.5701.5/1.5451R4 v2

2.235/353)15706451R5

9.81853)3015025451R6

9.81853)4024095541R7

9.82×1853)402×1502×50452R8

9.82×1853)702×2402×95542R9

1) Maximum cable diameter accepted. For the lead-through plate hole diameters, refer chapter Dimension
drawings (page 175).

2) Note:Minimumwire sizedoesnotnecessarily have enoughcurrent capability for full load.Make sure the installation
complies with local laws and regulations.

3) Note: Either cable lug (R5, refer page 93 ) or clamp (R6…R9, refer page 95)
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Note:For the tightening torquesof thegrounding terminals, refer sectionsConnection
procedure, frames R1…R4 (page 83), Connection procedure, frame R5 (page 89) and
Connection procedure, frames R6…R9 (page 94).

R+, R-, UDC+ and UDC- terminalsCable lead-throughsFrame size

T (Wire screw)Max wire size
(solid/stran-

ded)

Min wire size
(solid/stran-

ded)2)

Ø1)Per cable
type

N·mScrew/Boltmm2mm2mmpcs

3-phase Un = 400 V

1.03)6/40.20/0.25231R1

1.53)16/160.5/0.5231R2

3.53)35/250.5/0.5231R3

4.03)500.5/0.5391R4

5.53)701.5/1.5391R4 v2

15M5706391R5

30M815025451R6

30M1024095541R7

40M102×1502×50452R8

70M122×2402×95542R9

1) Maximum cable diameter accepted. For the lead-through plate hole diameters, refer chapter Dimension
drawings (page 175).

2) Note:Minimumwire sizedoesnotnecessarily have enoughcurrentc apability for full load.Make sure the installation
complies with local laws and regulations.

3) Either cable lug (R5) or clamp (R6…R9) is used for grounding.

Screwdrivers for the terminals of the main circuitFrame size

Combo: Slot 4 mm and PH1R1

Combo: Slot 4.5 mm and PH2R2

PH2R3, R4

TorxR4 v2
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Power cables

￭ Typical power cable sizes, IEC
The table below gives copper cable types with concentric copper shield for the drives
with nominal current. The value separated by the plus signmeans the diameter of the
PE conductor.

Refer page 159 for the cable lead-through sizes allowed for the selected drive frame
size.

Cu cable type1)Frame sizeIEC type
ACH531-01- mm2

3-phase Un = 400 V

3×1.5 + 1.5R102A7-4

3×1.5 + 1.5R103A4-4

3×1.5 + 1.5R104A1-4

3×1.5 + 1.5R105A7-4

3×1.5 + 1.5R107A3-4

3×2.5 + 2.5R109A5-4

3×2.5 + 2.5R112A7-4

3×2.5 + 2.5R2018A-4

3×6 + 6R2026A-4

3×10 + 10R3033A-4

3×10 + 10R3039A-4

3×10 + 10R3046A-4

3×25 + 16R4, R4 v2062A-4

3×35 + 16R4, R4 v2073A-4

3×50 + 25R4 v2089A-4

3×70 + 35R5106A-4

3×95 + 50R6145A-4

3×120 + 70R7169A-4

3×150 + 70R7206A-4

2×(3×70+35)R8246A-4

2×(3×95+50)R8293A-4

2×(3×120+70)R9363A-4

2×(3×150+70)R9430A-4

2×(3×240+120)R9490A-4

1) The cable sizing is based on max. 6 cables laid on a cable ladder side by side, ambient temperature 30 °C, PVC
insulation, surface temperature 70 °C (EN 60204-1 and IEC 60364- 5-52/2001). For other conditions, size the cables
according to local safety regulations, appropriate input voltage and the load current of the drive. Refer page 159 for
the accepted cable sizes of the drive.

Temperature: For IEC, select a cable rated for at least 70 °C maximum permissible
temperature of conductor in continuous use.

Voltage: 600 V AC cable is accepted for up to 500 V AC.
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Terminal and lead-through data for the control cables

￭ IEC
Control cable lead-throughs, wire sizes and tightening torques (T) are given below.

Control cable entries and terminal sizesCable lead-throughsFrame
size DI, AI/O, AGND, RO, STO terminals+24V, DCOM, DGND, EXT. 24V ter-

minals
Max cable

size
Holes

TWire sizeTWire size

N·mmm2N·mmm2mmpcs

3-phase Un = 400 V

0.5…0.60.14…1.50.5…0.60.2…2.5173R1

0.5…0.60.14…1.50.5…0.60.2…2.5173R2

0.5…0.60.14…1.50.5…0.60.2…2.5173R3

0.5…0.60.14…1.50.5…0.60.2…2.5174R4, R4 v2

0.5…0.60.14…1.50.5…0.60.2…2.5173R5

0.5…0.60.14…2.50.5…0.60.14…2.5174R6

0.5…0.60.14…2.50.5…0.60.14…2.5174R7

0.5…0.60.14…2.50.5…0.60.14…2.5174R8

0.5…0.60.14…2.50.5…0.60.14…2.5174R9

Electrical power network specification

ACH531-01-xxxx-4 drives: Input voltage range 3~ 380…480 V AC
+10%…-15%.

Voltage (U1)

Public low voltage networks. Symmetrically groundedTN-S system,
IT (ungrounded), corner-grounded delta, midpoint-grounded delta
and TT systems, refer sections:

Network type

IEC: When to disconnect EMC filter or ground-to-phase varistor:
TN-S, IT, corner-grounded delta andmidpoint-grounded delta sys-
tems (page 76) and Guidelines for installing the drive to a TT sys-
tem (page 77).

Note: Frames R1 and R5 cannot be used in corner-grounded or
midpoint-grounded delta systems.

Maximumallowable prospective short-circuit current is 65kAwhen
protected by fuses given in the fuse tables.

Rated conditional short-circuit
current (IEC 61800-5-1)

47 to 63Hz. This is indicated in the type designation label as typical
input frequency level f1 (50 Hz).

Frequency (f1)

Max. ± 3% of nominal phase to phase input voltageImbalance

0.98 (at nominal load)Fundamental power factor
(cos phi1)

162 Technical data



The minimum short-circuit power Sce given for each drive type for
the Rsce (transformer short circuit ratio) value of 350.

Minimum short-circuit power
(IEC/EN 61000-3-12)

Frame sizeMin. short circuit powerInput ratingType
ACH531-01 480 V400 V

SscSscI1
MVAMVAA

3-phase Un = 400 V, IEC ratings

R10.610.632.602A7-4

R10.870.803.303A4-4

R11.020.974.004A1-4

R11.401.365.605A7-4

R11.751.757.207A3-4

R12.212.289.409A5-4

R13.493.0612.612A7-4

R24.074.1217.0018A-4

R26.696.0625.0026A-4

R37.867.7632.0033A-4

R39.899.2138.0039A-4

R312.8010.9145.0046A-4

R4, R4 v215.1315.0362062A-4

R4, R4 v218,9117.7073073A-4

R4 v222.421.689089A-4

R527.9325.70106106A-4

R636.0835.16145145A-4

R745.3940.98169169A-4

R752.3849.95206206A-4

R869.8459.65246246A-4

R875.6671.05293293A-4

R9105.0588.02363363A-4

R9120.47104.27430430A-4

R9120.47104.27430490A-4

Motor connection data

AsynchronousAC inductionmotors andpermanentmagnetmotorsMotor types

Thedriveprovides solid state short circuit protection for themotor
connection per IEC/EN 61800-5-1.

Short-circuit current protection
(IEC/EN 1800-5-1)

0…500Hz. This is indicated in the type designation label as output
frequency level f1 (0…500 Hz).

Frequency (f2)

0.01 HzFrequency resolution

Refer Ratings (page 143).Current

2 kHz, 4 kHz (default), 8 kHz, 12 kHzSwitching frequency
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Operational functionality and motor cable lengthMaximum recommended motor
cable length The drive is designed to operate with optimum performance with

the following maximummotor cable lengths.

Note: Conducted and radiated emissions of these motor cable
lengths do not comply with EMC requirements.

Maximummotor cable length, 4
kHz

Frame
size

m

Standard drive, without external options

100R1

200R2

300R3

300R4, R4 v2

300R5

300R6

300R7

300R8

300R9

Note:
1. In multimotor systems, the calculated sum of all motor cable

lengths must not exceed the maximummotor cable length
given in the table.

2. Longer motor cables cause a motor voltage decrease which
limits theavailablemotorpower. Thedecreasedependson the
motor cable length and characteristics. Contact your local ABB
representative for more information.

3. When using longer motor cables than 50 m 8 and 12 kHz
switching frequencies are not allowed.Withmotor cable length
over 100 m, disconnect EMC DC screw if applicable.

4. Acceptable motor cable length for motor manufactures may
be different. Check with specific motor manufacturer for
maximum allowable distance.
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EMC compatibility and motor cable length
To comply with the European EMC Directive (standard EN 61800-
3), use the following maximummotor cable lengths at 4 kHz
switching frequency. Refer the table that follows.

Maximummotor cable length, 4
kHz

Frame size

m

EMC limits for Category C21)

Standard drive with an internal EMC filter.
Refer notes 1 and 2.

100R1

100R2

100R3

100R4, R4 v2

100R5

150R6

150R7

150R8

150R9

EMC limits for Category C31)

Standard drive with an internal EMC filter.
Refer note 3.

150R1

150R2

150R3

150R4, R4 v2

150R5

150R6

150R7

150R8

150R9

1) See the terms in section Definitions (page 171)

Note:
1. Radiated and conducted emissions are according to category

C2 with an internal EMC filter. The internal EMC filter must be
connected.

2. Categories C1 and C2 meet requirements for connecting
equipment to the public low-voltage networks.

3. Radiated and conducted emissions are according to category
C3 with an internal EMC filter. The internal EMC filter must be
connected.

Brake resistor connection data for frames R1…R3

The brake resistor output is conditionally short-circuit proof by
IEC/EN61800-5-1. Rated conditional short-circuit current asdefined
in IEC 61439-1.

Short-circuit protection (IEC/EN
61800-5-1, IEC 61439-1)

Technical data 165



Auxiliary circuit power consumption

Maximum external power supply:
Frames R1…R5: 25W, 1.04 A at 24 V AC/DC (with optionmodules CMOD-
01, CMOD-02)
Frames R6…R9: 36 W, 1.50 A at 24 V AC/DC (as standard, terminals
40…41)

Efficiency

Approximately 98%atnominal power level. Theefficiency isnot calculated
according to IEC 61800-9-2.

Energy efficiency data (ecodesign)
Energy efficiency data according to IEC61800-9-2 is available from the ecodesign tool
(https://ecodesign.drivesmotors.abb.com). The drive complies with the IE efficiency
class IE2.

Ecodesign
Energy efficiency data according to IEC-61800-9-2 is available from the ecodesign tool
(https://ecodesign.drivesmotors.abb.com).

Energy efficiency data is not provided for 1-phase 230Vdrives. Thedriveswith 1-phase
input arenot in the scopeof theEUecodesign requirements (RegulationEU2019/1781).

Protection classes for module

IP20 (standard)Degrees of protection
(IEC/EN 60529)

IIIOvervoltage category
(IEC/EN 60664-1)

IProtective class (IEC/EN
61800-5-1)
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Applicable standards

Thedrive complieswith the followingstandards. Thecompliancewith theEuropeanLowVoltageDirective
is verified according to standard EN 61800-5-1.

Semiconductor converters - General requirements and line commutated
converters - Part 1-1: Specification of basic requirements

IEC 60146-1-1:2009
EN 60146-1-1:2010

Degrees of protection provided by enclosures (IP code)IEC 60529:1989 + AMD1:1999
+ AMD2: 2013,
EN60529:1991+A1:2000+A2:
2013

Electromagnetic compatibility (EMC) – Limits for harmonic current
emissions (input current > 16 A per phase)

IEC 61000-3-2:2018,
EN 61000-3-2:2014

Electromagnetic compatibility (EMC) – Limits for harmonic currents
produced by equipment connected to public low-voltage systems with
input current input current > 16 A and < 75 A per phase

IEC/EN 61000-3-12:2011

This drive complies with the standard provided that the short-circuit
power Ssc is greater than or equal to the minimum short-circuit power
given for thedrive (listed for eachdrive typeonpage 302) at the interface
point between the user's supply and the public system. It is the respons-
ibility of the installer or user of the drive to ensure, by consultation with
thedistributionnetworkoperator if necessary, that thedrive is connected
only to a supply with a short-circuit power Ssc greater than or equal to
the minimum short-circuit power given for the drive.

Adjustable speed electrical power drive systems. Part 3: EMC require-
ments and specific test methods

EN 61800-3:2004 + A1:2012
IEC61800-3:2017

Adjustable speed electrical power drive systems. Part 5-1: Safety require-
ments – electrical, thermal and energy

EN 61800-5-
1:2007+A1:2017+A11:2021
IEC 61800-5-
1:2007+AMD1:2016

Adjustable speed electrical power drive systems. Part 9-2: Ecodesign for
power drive systems, motor starters, power electronics and their driven
applications – Energy efficiency indicators for power drive systems and
motor starters

IEC/EN 61800-9-2:2017

Insulation coordination for equipment within low-voltage systems. Part
1: Principles, requirements and tests.

IEC 60664-1:2007
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Ambient conditions
Environmental limits for the drive, including installed options, are given below. The
drive is to be used in a heated, indoor, controlled environment.

Transportation
in the package

Storage
in the package

Operation
installed for
stationary use

--• 0…4000 m
(13123 ft) above sea
level 1)

• 0…2000m(6561 ft)
above sea level 2)

Installation site altitude

Above 1000 m
(3281 ft), see section
Altitude derat-
ing (page 148).

-40…+70 °C
(-40…+158 °F)

-40…+70 °C
(-40…+158 °F)

-15…+50°C (5…122 °F).
0…-15 °C (32…5°F):No
frost allowed. See sec-
tionRatings (page143).

Air temperature

Above 40 °C (104 °F)
refer sectionSurround-
ing air temperature
derating, IP21
(UL Type 1) (page 146).

Keypad display: -
20…+50°C (-4…122 °F)

Max. 95%Max. 95%5…95%Relative humidity

Nocondensationallowed.Maximumallowed relativehumidity is 60%3)

in the presence of corrosive gases at level C4.

IEC 60721-3-2:2018IEC 60721-3-1:2018IEC60721-3-3:2019and
ISO9223:
ANSI-ISA 71.04

Contamination levels

Class 2C2Class 1C2Base drive:
IEC Class C34)

ANSI G2

Chemical gases

+B056/+B063/+B066:
IEC Class C4
ANSI G3/GX up to
2300 Å /30d corrosiv-
ity

Conformal coated circuit boards as standard on all drives

Class 2S2Class 1S3 (packaging
must be Class 2S2,
otherwise this is 1S2)

Class 3S6.
No conductive dust al-
lowed.

Solid particles

--2Pollution degree
(IEC/EN 60664-1)

60…106 kPa
0.6…1.05atmospheres

70…106 kPa
0.7…1.05atmospheres

70…106 kPa
0.7…1.05atmospheres

Atmospheric pressure
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--frequency 10…150 Hz;Sinusoidal vibration
amplitude ±0.075 mm
(0.003 in),
10…57,56 Hz;

(IEC 60068-2-6, Test Fc 2007-12)

constant peak acceler-
ation 10 m/s2
(33 ft/s2),
57,56…150 Hz; sweep:
1 oct/min;

10 sweep cycles in
each axis with STO
active;

uncertainty ±5.0%;

normal mounting

R1…R4 (ISTA 1A): Displacement, 25 mm peak
to peak, 14200 vibratory impacts

-Vibration (ISTA)

R5…R9 ISTA 3E): Random, overall Grms level of
0.52

R1…R4 (ISTA 1A): Drop, 6 faces, 3 edges and 1
corner

Not permittedShock/Drop (ISTA)

inmmWeight range

29.97600…10 kg (0…22 lb)

24.061010…19 kg (22…42 lb)

18.146019…28 kg (42…62 lb)

13.434028…41 kg (62…90 lb)

R5…R9 (ISTA3E): Shock, incline impact: 1.1m/s
(3.61 ft/s)

Shock, rotational edge drop: 200 mm (7.9 in)

1) For symmetrically groundedTN-S systems, TT systems, andungroundedor symmetrically high-resistancegrounded
IT systems. See also section Limiting relay output maximum voltages at high installation altitudes (page 71).

2) For corner-grounded delta systems, midpoint-grounded delta systems and corner-grounded (via high resistance)
IT systems.

3) Contact ABB for higher humidity levels than 60% in the presence of corrosive gases.
4) For IEC60721-3-3:2002, the level is 3C2 as standard and 3C3 for +B056/+B063/+B066.

Note:There are special considerations in corner-grounded installations above 2000m.
Contact your local ABB representative for further information.

Storage conditions
Store the drive in humidity-controlled enclosed environments. Keep the drive in its
package.

Colors

• NCS 1502-Y (RAL 9002 / PMS 1C Cool Grey) and RAL 9002.
• NCS 1502-Y

Drive enclosure
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Markings
These markings are attached to the drive:

CE mark

The product complies with the applicable European Union legislation. For fulfilling the EMC
requirements, refer to the additional information concerning the drive EMC compliance
(IEC/EN 61800-3).

TÜV Safety Approved mark (functional safety)

The product contains Safe torque off and possibly other (optional) safety functions that are
certified by TÜV according to the relevant functional safety standards. Applicable to drives
and inverters; not applicable to supply, brake, or DC/DC converter units or modules.

WEEE mark

At the endof its life, theproduct should enter the recycling systemat anappropriate collection
point and not be placed in the normal waste stream.

Declarations of conformity

Link to Declaration of conformity according to Ecodesign Directive
2009/125/EC(3AXD10002935657)

Link to Declaration of conformity (3AXD10002935596)

Link toDeclarationof conformity according toLowVoltageDirective 2014/35/EU
and EMC Directive 2014/30/EU (3AXD10002935658)

Link to Declaration of conformity according to RoHS Directive 2011/65/EU and
Delegated Directives (EU) 2015/863 (3AXD10002935660)

Link to Declaration of conformity according toMachinery Directive 2006/42/EC
(3AXD10002935659)
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Compliance with the EN 61800-3

￭ Definitions
EMC stands for Electromagnetic Compatibility. It is the ability of electrical/electronic
equipment to operate without problems within an electromagnetic environment.
Likewise, theequipmentmustnotdisturbor interferewithanyotherproductor system
within its locality.

The first environment includes establishments connected to a low-voltage network
that supplies buildings used for domestic purposes.

The second environment includes establishments connected to a network that do not
supply domestic premises.

Drive of Category C1: Drive with a rated voltage of less than 1000 V that is intended
for use in the first environment.

Drive of Category C2: Drive with a rated voltage of less than 1000 V that is intended
tobe installed andstarteduponly by aprofessionalwhenused in the first environment.

Note: A professional is a person or organization with the necessary skills to install or
start power drive systems, and includes their EMC aspects.

Drive of Category C3: Drive with a rated voltage of less than 1000 V that is intended
for use in the second environment and not intended for use in the first environment.

Drive of Category C4: Drive with a rated voltage equal to or more than 1000 V, or a
rated current equal to or more than 400 A, or intended for use in complex systems in
the second environment.

￭ Category C1
The emission limits are complied with the following provisions:

1. Theoptional EMCC1 filter is selectedaccording to thedocumentationand installed
as specified in the EMC C1 filter manual.

2. The motor and control cables are selected as specified in this manual.

3. The drive is installed according to the instructions given in this manual.

4. The maximummotor cable length with 2 kHz switching frequency is 10 m.

WARNING In a domestic environment, this product may cause radio
inference, in which case supplementarymitigationmeasuresmay be required.

￭ Category C2
The emission limits are complied with the following provisions:

1. The motor and control cables are selected as specified in this manual.

2. The drive is installed according to the instructions given in this manual.

3. For the maximummotor cable length with 4 kHz switching frequency, refer
Maximum recommended motor cable length (page 164).
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WARNING The drive may cause radio interference if used in residential or
domestic environment. The user is required to take measures to prevent
interference, in association to the requirements for the CE compliance listed
above, if necessary.

Note: Do not install a drive with the EMC filter connected to a system that the filter
is not suitable for. This can cause danger, or damage the drive.

Note:Donot install the drivewith theground-to-phase varistor connected to a system
that the varistor is not suitable for. It can cause damage to the varistor circuit.

If you install the drive to any other system than symmetrically grounded TN-S system,
you may need to disconnect the EMC filter or the ground-to-phase varistor. Refer
sections:

IEC: Grounding system compatibility check (page 75)

￭ Category C3
The drive complies with the standard with the following provisions:

1. The motor and control cables are selected as specified in this manual.

2. The drive is installed according to the instructions given in this manual.

3. For the maximummotor cable length with 4 kHz switching frequency, refer
Maximum recommended motor cable length (page 164)

WARNING To prevent radio-frequency interference, do not use a drive of
category C3 on a low-voltage public network that supplies domestic premises.

￭ Category C4
The drive complies with the C4 category with these provisions:

1. It is made sure that no excessive emission is propagated to neighboring
low-voltage networks. In some cases, the natural suppression in transformers
and cables is sufficient. If in doubt, a supply transformer with static screening
between the primary and secondary windings can be used.
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1

2

3

4

5

6

7

8

9

4

6

Equipment6Medium voltage network1

Supply transformer7Neighboring network2

Static screen8Point of measurement3

Drive9Low voltage4

--Equipment (victim)5

2. An EMC plan for preventing disturbances is drawn up for the installation. A
template is available in Technical guide No. 3 EMC compliant installation and
configuration for a power drive system (3AFE61348280 [English]).

3. Themotor and control cables are selected, and routed according to the electrical
planning guidelines of the drive. The EMC recommendations are obeyed.

4. The drive is installed according to its installation instructions. The EMC
recommendations are obeyed.

NOTICE To prevent radio-frequency interference, do not use a drive of category C4
on a low-voltage public network that supplies domestic premises.

Disclaimers

￭ Generic disclaimer
The manufacturer shall have no obligation with respect to any product which (i) has
been improperly repaired or altered; (ii) has been subjected to misuse, negligence or
accident; (iii) has been used in a manner contrary to the manufacturer’s instructions;
or (iv) has failed as a result of ordinary wear and tear.

￭ Cyber security disclaimer
This product is designed to be connected to and to communicate information and
data via a network interface. It is the Customer's sole responsibility to provide and
continuously ensure a secure connection between the product and the Customer
network or any other network (as the casemay be). The Customer shall establish and
maintain any appropriate measures (such as, but not limited to, the installation of
firewalls, application of authentication measures, encryption of data, installation of
anti-virus programs, etc.) to protect the product, the network, its system, and the
interface against any kind of security breaches, unauthorized access, interference,
intrusion, leakage, and/or theft of data or information.
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ABB and its affiliates are not liable for damages and/or losses related to such security
breaches, any unauthorized access, interference, intrusion, leakage, and/or theft of
data or information.
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Dimension drawings

Contents of this chapter
This chapter shows the dimension drawings of the ACH531-01.

Note: The dimensions are given in millimeters.
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Frame R3, IP20
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Frame R4, IP20
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Frame R5, IP20
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Resistor braking

Contents of this chapter
This chapter contains informationand instructionson resistorbraking, brake choppers
and brake resistors.

Operation principle and hardware description
Thebrake chopper handles theenergygeneratedbyadeceleratingmotor. The chopper
connects the brake resistor to the intermediate DC circuit whenever the voltage in
the circuit exceeds the limit defined by the control program. Energy consumption by
the resistor losses lowers the voltage until the resistor can be disconnected.

For frameR1…R3 internal brake choppers and resistors, seebelow. ForR4…R9external
brake choppers and resistors, refer Resistor braking, frames R4…R9 (page 189).

Resistor braking, frames R1…R3

￭ Planning the braking system

Selecting the brake resistor

Frames R1…R3 have an built-in brake chopper as standard equipment. The brake
resistor is selected using the table and equations presented in this section.

1. Determine the requiredmaximum braking power PRmax for the application. PRmax
must be smaller than PBRmaxgiven in the table on page 186 for the used drive type.

2. Calculate resistance R with Equation 1.

3. Calculate energy ERpulsewith Equation 2.

4. Select the resistor so that the following conditions are met:

13
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• The rated power of the resistor must be greater than or equal to PRmax.
• Resistance R must be between Rmin and Rmax given in the table for the used

drive type.
• The resistormustbeable todissipate energyERpulseduring thebraking cycle T.

Equations for selecting the resistor:

ton 
PRmax 

PRave

T 

Eq. 1.

Eq. 2.

Eq. 3. For conversion, use 1 hp = 746 W.

where

= calculated brake resistor value (ohm). Make sure that: Rmin < R < Rmax.R

= maximum power during the braking cycle (W)PRmax

= average power during the braking cycle (W)PRave
= energy conducted into the resistor during a single braking pulse (J)ERpulse
= length of the braking pulse (s)ton
= length of the braking cycle (s).T

The tables below show reference resistor types for the maximum braking power.

IEC

Reference resistor typesPBRmaxRmaxRminType ACH531-01-

kWohmohm

3-phase Un = 400 V

Danotherm CBH 360 C T 406 210R0.68645202A7-4

Danotherm CBH 360 C T 406 210R0.95825203A4-4

Danotherm CBH 360 C T 406 210R1.43925204A1-4

Danotherm CBH 360 C T 406 210R2.02795205A7-4

Danotherm CBR-V 330 D T 406 78R UL2.91915207A3-4

Danotherm CBR-V 330 D T 406 78R UL3.91405209A5-4

Danotherm CBR-V 330 D T 406 78R UL5.31045212A7-4

Danotherm CBR-V 560 D HT 406 39R UL7.37531018A-4

Danotherm CBR-V 560 D HT 406 39R UL105222026A-4

Danotherm CBT-H 560 D HT 406 19R153716033A-4

Danotherm CBT-H 760 D HT 406 16R202710039A-4

Danotherm CBT-H 760 D HT 406 16R252210046A-4

Symbols

= minimum allowed brake resistor that can be connected to the brake chopperRmin
= maximum allowed brake resistor that allows PBRmaxRmax
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= maximum braking capacity of the drive, must exceed the desired braking power.PBRmax

WARNING Donot use abrake resistorwith a resistancebelow theminimum
value specified for the particular drive. The drive and the internal chopper are
not able to handle the overcurrent caused by the low resistance.

Selecting and routing the brake resistor cables

Use a shielded cable with the conductor size specified in section Terminal and
lead-through data for the power cables on page 159.

Minimizing electromagnetic interference

Follow these rules in order to minimize electromagnetic interference caused by the
rapid current changes in the resistor cables:

• Install the cables away from other cable routes.

• Avoid longparallel runswithother cables. Theminimumparallel cabling separation
distance should be 0.3 meters.

• Cross the other cables at right angles.

• Keep the cable as short as possible in order to minimize the radiated emissions
and stress on chopper IGBTs. The longer the cable the higher the radiated
emissions, inductive load and voltage peaks over the IGBT semiconductors of the
brake chopper.

Note: ABB has not verified that the EMC requirements are fulfilled with external
user-defined brake resistors and cabling. The EMC compliance of the complete
installation must be considered by the customer.

Maximum cable length

The maximum length of the resistor cable(s) is 10 m.

Placing the brake resistor

Install the resistors outside the drive in a place where they will cool.

Arrange the cooling of the resistor in a way that:

• no danger of overheating is caused to the resistor or nearby materials

• the temperature of the roomthe resistor is located in does not exceed the allowed
maximum.

Supply the resistor with cooling air/water according to the resistor manufacturer’s
instructions.

WARNING The materials near the brake resistor must be non-flammable.
The surface temperature of the resistor is high. Airflow from the resistor can
have a high temperature. If the exhaust vents connect to a ventilation system,
make sure that thematerialwithstandshigh temperatures. Protect the resistor
against contact.
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Protecting the system in brake circuit fault situations

Protecting the system in cable and brake resistor short-circuit situations

The drive input fuses also protect the resistor cable when it is identical to the input
power cable.

Protecting the system against thermal overload

Thedrive has abrake thermalmodel that protects thebrake resistor against overload.
ABB recommends that you enable the thermal model at start up.

ABB recommends that youuse amain contactorwith thedrive for safety reasons even
when you have enabled the resistor thermal model. Connect the contactor so that it
opens if the resistor overheats. This is essential for safety, since the drive will not
otherwise be able to interrupt the main supply if the chopper conducts in a fault
situation. The figure shows an example connection diagram. ABB recommends that
you use resistors equipped with a thermal switch (1) in the resistor assembly. The
switch indicates overtemperature.

ABB recommends that you connect the thermal switch to a digital input of the drive,
and configure the input to cause a fault trip at resistor overtemperature indication.

L1 L2 L3

L1 L2 L3

K1

x +24V

x DIx

OFF

ON

1 3 5

2 4 6

1

2

13

14

3

4

Θ

1

2

3

4
5

Drive input power connection with a main contactor1

Drive2

Main contactor control circuit3

Brake resistor thermal switch4

Digital input. Monitors the brake resistor thermal switch.5

￭ Mechanical installation
All brake resistorsmustbe installedoutside thedrive.Obey the resistormanufacturer’s
instructions.

￭ Electrical installation
Checking the insulation of the assembly
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For instructions, refer to Brake resistor assembly for R1…R3 (page 75).

Connection diagram

Refer section Connection diagram (page 83) (IEC).

Connection procedure

Refer section

Connect the thermal switchof thebrake resistor asdescribed in Protecting the system
against thermal overload (page 188).

￭ Start-up

Start-up

CAUTION Make sure that there is sufficient ventilation. Newbrake resistors
can have a protective grease coating. When the resistor warms up for the first
time, the grease burns off and can produce some smoke.

Set the following parameters (HVAC control program):

• Set parameter 30.30 Overvoltage control to disable.

• Set parameter 31.01 External event 1 source to point to the digital input where
the thermal switch of the brake resistor is wired.

• Set parameter 31.02 External event 1 type to Fault.

• Check the resistance value of parameter 43.10 Brake resistance.

With these parameter settings, the drive stops by coasting on brake resistor
overtemperature.

Resistor braking, frames R4…R9

￭ Planning the braking system
Frames R4…R9 need external brake choppers and resistors. The table below lists
suitable choppers and resistors.

IEC

Reference resistor types1)PBRmaxRmaxRminBrakechopperType ACH531-
01- kWohmohm

3-phase Un = 400 V (380…415 V)

Built in with the brake chopper3018.17.8ACS-BRK-D062A-4

Built in with the brake chopper4213.17.8ACS-BRK-D073A-4

Built in with the brake chopper5110.77.8ACS-BRK-D088A-4

SAFUR125F500638.71.3NBRA-658106A-4

SAFUR125F500777.11.3NBRA-658145A-4

SAFUR200F5001055.21.3NBRA-658169A-4

SAFUR200F5001264.31.3NBRA-658206A-4

2xSAFUR125F5001563.51.3NBRA-658246A-4

2xSAFUR210F5751872.91.3NBRA-658293A-4
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Reference resistor types1)PBRmaxRmaxRminBrakechopperType ACH531-
01- kWohmohm

2xSAFUR200F5002272.40.7NBRA-659363A-4

2xSAFUR200F5002841.90.7NBRA-659430A-4

1) Other resistors can be used if they meet the minimum resistancevalue and required power values.

Symbols

= minimum allowed brake resistor that can be connected to the brake chopperRmin
= maximum allowed brake resistor that allows PBRmaxRmax
= maximum braking capacity of the drive, must exceed the desired braking power.PBRmax

WARNING Donot use abrake resistorwith a resistancebelow theminimum
value specified for the particular drive. The drive and the internal chopper are
not able to handle the overcurrent caused by the low resistance.

￭ Parameter settings for external braking chopper and resistor
Disable the overvoltage control of the drivewith parameter 30.30Overvoltage control.

Disable parameter 43.06 Braking chopper function as parameter group 43 Brake
chopper is used for internal braking chopper and resistor only.

For more information, refer NBRA-6xx Braking Choppers Installation and start-up
guide (3AFY58920541 [English]) and ACS-BRK Brake Units Installation and start-up
guide (3AFY61514309 [English]).
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The Safe torque off function

Contents of this chapter
This chapter describes the Safe torque off (STO) function of the drive and gives
instructions for its use.

Description
The Safe torque off function can be used, for example, as the final actuating device
of safety circuits (such as an emergency stop circuit) that stop the drive in case of
danger. Another typical application is the prevention of unexpected start-up that
enables short-termmaintenance operations such as cleaning and work on the
non-electrical parts of the machinery without switching off the power supply to the
drive.

Whenactivated, the Safe torqueoff functiondisables the control voltage for thepower
semiconductors of the drive output stage, thus preventing the drive from generating
the torque required to rotate themotor. If the motor is running when Safe torque off
is activated, it coasts to a stop.

TheSafe torqueoff functionhas a redundant architecture, that is, both channelsmust
be used in the safety function implementation. The safety data given in this manual
is calculated for redundant use and does not apply if both channels are not used.

The Safe torque off function complies with these standards:

NameStandard

Safety of machinery – Electrical equipment of machines – Part 1:
General requirements

IEC 60204-1:2021

EN 60204-1:2018

Electromagnetic compatibility (EMC) – Part 6-7: Generic standards –
Immunity requirements for equipment intended toperformfunctions
in a safety-related system (functional safety) in industrial locations

IEC 61000-6-7:2014
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NameStandard

Electrical equipment for measurement, control and laboratory use –
EMC requirements – Part 3-1: Immunity requirements for safety-re-
latedsystemsand for equipment intended toperformsafety-related
functions (functional safety) – General industrial applications

IEC 61326-3-1:2017

Functional safety of electrical/electronic/programmable electronic
safety-related systems – Part 1: General requirements

IEC 61508-1:2010

Functional safety of electrical/electronic/programmable electronic
safety-related systems –Part 2: Requirements for electrical/electron-
ic/programmable electronic safety-related systems

IEC 61508-2:2010

Functional safety – Safety instrumented systems for the process in-
dustry sector

IEC 61511-1:2017

Adjustable speed electrical power drive systems – Part 5-2: Safety
requirements – Functional

IEC 61800-5-2:2016

EN 61800-5-2:2007

Safety of machinery – Functional safety of safety-related control
systems

EN IEC 62061:2021

Safety ofmachinery – Safety-relatedparts of control systems –Part 1:
General principles for design

EN ISO 13849-1:2015

Safety of machinery – Safety-related parts of control systems – Part
2: Validation

EN ISO 13849-2:2012

The function also corresponds to Prevention of unexpected start-up as specified by
EN ISO 14118:2018 (ISO 14118:2017), and Uncontrolled stop (stop category 0) as
specified in EN/IEC 60204-1.

￭ Compliancewith theEuropeanMachineryDirective and theUKSupply
of Machinery (Safety) Regulations
Refer to the technical data.
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Wiring
For the electrical specifications of the STO connection, refer to the technical data of
the control unit.

￭ Activation switch
In the wiring diagrams, the activation switch has the designation [K]. This represents
a component such as a manually operated switch, an emergency stop push button
switch, or the contacts of a safety relay or safety PLC.

• In case a manually operated activation switch is used, the switch must be of a
type that can be locked out to the open position.

• The contacts of the switch or relaymust open/close within 200ms of each other.

￭ Cable types and lengths
• ABB recommends double-shielded twisted-pair cable.

• Maximum cable lengths:
• 300 m (1000 ft) between activation switch [K] and drive control unit
• 60 m (200 ft) between multiple drives
• 60 m (200 ft) between external power supply and first control unit

Note: A short-circuit in the wiring between the switch and an STO terminal causes a
dangerous fault. Therefore, it is recommended to use a safety relay (including wiring
diagnostics) or awiringmethod (shield grounding, channel separation)which reduces
or eliminates the risk caused by the short-circuit.

Note: The pulse tolerance of the input channels is 1 ms.

￭ Grounding of protective shields
• Ground the shield in the cabling between the activation switch and the control

unit at the control unit only.

• Ground the shield in the cabling between two control units at one control unit
only.
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Operation principle
1. The Safe torque off activates (the activation switch is opened, or safety PLC logic

output value is 0, or safety relay contacts open).

2. The STO inputs of the drive control unit de-energize.

3. The control unit cuts off the control voltage from the output IGBTs.

4. The control programgenerates an indication as defined by parameter 31.22 (refer
to the firmware manual of the drive).
The parameter selects which indications are given when one or both STO signals
are switched off or lost. The indications also depend on whether the drive is
running or stopped when this occurs.

Note:This parameter does not affect the operationof the STO function itself. The
STO function will operate regardless of the setting of this parameter: a running
drive will stop upon removal of one or both STO signals, and will not start until
both STO signals are restored and all faults reset.

Note: The loss of only one STO signal always generates a fault as it is interpreted
as a malfunction of STO hardware or wiring.

5. The motor coasts to a stop (if running). The drive cannot restart while the
activation switch or safety relay contacts are open. After the contacts close, a
reset may be needed (depending on the setting of parameter 31.22). A new start
command is required to start the drive.
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Start-up including validation test
To ensure the safe operation of a safety function, validation is required. The final
assembler of themachinemust validate the function by performing a validation test.
The test must be performed

1. at initial start-up of the safety function

2. after any changes related to the safety function (circuit boards, wiring,
components, settings, replacement of inverter module, etc.)

3. after any maintenance work related to the safety function

4. after a drive firmware update

5. at the proof test of the safety function.

￭ Competence
The validation test of the safety function must be carried out by a competent person
with adequate expertise and knowledge of the safety function as well as functional
safety, as required by IEC 61508-1 clause 6. The test procedures and report must be
documented and signed by this person.

￭ Validation test reports
Signed validation test reports must be stored in the logbook of the machine. The
report shall include documentation of start-up activities and test results, references
to failure reports and resolution of failures. Any new validation tests performed due
to changes or maintenance shall be logged into the logbook.

￭ Validation test procedure
After wiring the Safe torque off function, validate its operation as follows.

Action

WARNING Obey the safety instructions. If you ignore them, injury or death, or damage
to the equipment can occur.

Make sure that the motor can be run and stopped freely during start-up.

Stop the drive (if running), switch the input power off and isolate the drive from the power line
using a disconnector.

Check the STO circuit connections against the wiring diagram.

Close the disconnector and switch the power on.

Test the operation of the STO function when the motor is stopped.

• Give a stop command for thedrive (if running) andwait until themotor shaft is at a standstill.
Make sure that the drive operates as follows:

• Open the STO circuit. The drive generates an indication if one is defined for the 'stopped'
state in parameter 31.22 (refer to the firmware manual).

• Give a start command to verify that the STO function blocks the drive's operation. Themotor
should not start.

• Close the STO circuit.
• Reset any active faults. Restart the drive and check that the motor runs normally.
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Action

Test the operation of the STO function when the motor is running.

• Start the drive and make sure the motor is running.
• Open the STO circuit. The motor should stop. The drive generates an indication if one is

defined for the 'running' state in parameter 31.22 (refer to the firmware manual).
• Reset any active faults and try to start the drive.
• Make sure that the motor stays at a standstill and the drive operates as described above in

testing the operation when the motor is stopped.
• Close the STO circuit.
• Reset any active faults. Restart the drive and check that the motor runs normally.

Test the operation of the failure detection of the drive. The motor can be stopped or running.

• Open the 1st input channel of the STO circuit. If the motor was running, it should coast to a
stop. The drive generates an FA81 fault indication (refer to the firmware manual).

• Give a start command to verify that the STO function blocks the drive's operation. Themotor
should not start.

• Open the STO circuit (both channels).
• Give a reset command.
• Close the STO circuit (both channels).
• Reset any active faults. Restart the drive and check that the motor runs normally.
• Open the 2nd input channel of the STO circuit. If the motor was running, it should coast to

a stop. The drive generates an FA82 fault indication (refer to the firmware manual).
• Give a start command to verify that the STO function blocks the drive's operation. Themotor

should not start.
• Open the STO circuit (both channels).
• Give a reset command.
• Close the STO circuit (both channels).
• Reset any active faults. Restart the drive and check that the motor runs normally.

Document and sign the validation test report which verifies that the safety function is safe and
accepted for operation.
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Use
1. Open the activation switch or activate the safety functionality that is wired to the

STO connection.

2. The STO inputs on the drive control unit de-energize, and the control unit cuts off
the control voltage from the output IGBTs.

3. The control programgenerates an indication as defined by parameter 31.22 (refer
to the firmware manual of the drive).

4. The motor coasts to a stop (if it operated). The drive will not restart while the
activation switch or safety relay contacts are open.

5. Deactivate the STO: Close the activation switch or reset the safety functionality
that is wired to the STO connection.

6. Reset any faults before you restart the drive.

WARNING The Safe torque off function does not disconnect the voltage of
themain and auxiliary circuits from the drive. Therefore,maintenancework on
electrical parts of the drive or themotor can only be carried out after isolating
the drive from the supply and all other voltage sources.

WARNING The drive cannot detect or memorize any changes in the STO
circuitry when the drive control unit is not powered or when the main power
to the drive is off. If both STO circuits are closed and a level-type start signal
is activewhen the power is restored, it is possible that the drive startswithout
a fresh start command. Take this into account in the risk assessment of the
system.

WARNING Permanent magnet or synchronous reluctance [SynRM] motors
only:

In case of a multiple IGBT power semiconductor failure, the drive can produce
analignment torquewhichmaximally rotates themotor shaft by 180/pdegrees
(with permanent magnet motors) or 180/2p degrees (with synchronous
reluctance [SynRM]motors) regardless of the activation of the Safe torque off
function. p denotes the number of pole pairs.

Notes:

• If a running drive is stopped by using the Safe torque off function, the drive will
cut off themotor supply voltage and themotor will coast to a stop. If this causes
danger or is not otherwise acceptable, stop the drive and machinery using the
appropriate stop mode before activating the Safe torque off function.

• The Safe torque off function overrides all other functions of the drive.

• The Safe torque off function is ineffective against deliberate sabotage ormisuse.

• The Safe torque off function has been designed to reduce the recognized
hazardous conditions. In spite of this, it is not always possible to eliminate all
potential hazards. The assembler of themachinemust inform the final user about
the residual risks.
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Maintenance
After the operation of the circuit is validated at start-up, the STO function shall be
maintainedbyperiodicproof testing. Inhighdemandmodeofoperation, themaximum
proof test interval is 20 years. In low demandmode of operation, themaximumproof
test interval is 10 years: Refer toSafetydata (page200). It is assumed that all dangerous
failures of the STO circuit are detected by the proof test. To perform the proof test,
do the Validation test procedure (page 195).

Note: Refer also to the Recommendation of Use CNB/M/11.050 (published by the
European co-ordination of Notified Bodies) concerning dual-channel safety-related
systems with electromechanical outputs:

• When the safety integrity requirement for the safety function is SIL 3 or PL e (cat.
3 or 4), the proof test for the function must be performed at least every month.

• When the safety integrity requirement for the safety function is SIL 2 (HFT = 1) or
PL d (cat. 3), the proof test for the function must be performed at least every 12
months.

The STO function of the drive does not contain any electromechanical components.

In addition to proof testing, it is a goodpractice to check the operation of the function
when other maintenance procedures are carried out on the machinery.

Include theSafe torqueoff operation testdescribedabove in the routinemaintenance
program of the machinery that the drive runs.

If any wiring or component change is needed after start-up, or the parameters are
restored, do the test given in Validation test procedure (page 195).

Use only spare parts approved by ABB.

Record all maintenance and proof test activities in the machine logbook.

￭ Competence
The maintenance and proof test activities of the safety function must be carried out
by a competent personwith adequate expertise and knowledgeof the safety function
as well as functional safety, as required by IEC 61508-1 clause 6.
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Fault tracing
The indications given during the normal operation of the Safe torque off function are
selected by drive control program parameter 31.22.

The diagnostics of the Safe torque off function cross-compare the status of the two
STO channels. In case the channels are not in the same state, a fault reaction function
is performed and the drive trips on an FA81 or FA82 fault. An attempt to use the STO
in a non-redundant manner, for example activating only one channel, will trigger the
same reaction.

Refer to the firmwaremanual of thedrive control programfor the indicationsgenerated
by the drive, and for details on directing fault and warning indications to an output
on the control unit for external diagnostics.

Any failures of the Safe torque off function must be reported to ABB.
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Safety data
The table shows the safety data for the Safe torque off function.

Note: The safety data is calculated for redundant use and applies only if both STO
channels are used.
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• The STO is a type A safety component as defined in IEC 61508-2.

• Relevant failure modes:
• The STO trips spuriously (safe failure)
• The STO does not activate when requested
• A fault exclusion on the failure mode “short circuit on printed circuit board”

hasbeenmade (EN 13849-2, tableD.5). The analysis is basedonanassumption
that one failure occurs at one time. No accumulated failures have been
analyzed.

• STO response times:
• STO reaction time (shortest detectable break): 1 ms
• STO response time: 2 ms (typical), 5 ms (maximum)
• Fault detection time: Channels in different states for longer than 200 ms
• Fault reaction time: Fault detection time + 10 ms.

• Indication delays:
• STO fault indication (parameter 31.22) delay: < 500 ms
• STO warning indication (parameter 31.22) delay: < 1000 ms.

￭ Terms and abbreviations

DescriptionReferenceTerm or
abbreviation

Classification of the safety-related parts of a control system in
respectof their resistance to faults and their subsequentbehavior
in the fault condition, and which is achieved by the structural
arrangement of the parts, fault detection and/or by their
reliability. The categories are: B, 1, 2, 3 and 4.

EN ISO 13849-1Cat.

Common cause failure (%)EN ISO 13849-1CCF

Diagnostic coverage (%)EN ISO 13849-1DC

Hardware fault toleranceIEC 61508HFT

Mean time to dangerous failure: (Total number of life units) /
(Number of dangerous, undetected failures) during a particular
measurement interval under stated conditions

EN ISO 13849-1MTTFD

Averageprobability ofdangerous failureondemand, that is,mean
unavailability of a safety-related system toperform the specified
safety function when a demand occurs

IEC 61508PFDavg

Average frequencyofdangerous failuresper hour, that is, average
frequency of a dangerous failure of a safety related system to
perform the specified safety function over a given period of time

IEC 61508PFH

Average frequency of dangerous failures per hour for the
diagnostic function of STO

IEC/EN 62061PFHdiag

Performance level. Levels a…e correspond to SILEN ISO 13849-1PL

Periodic test performed to detect failures in a safety-related
system so that, if necessary, a repair can restore the system to
an "as new" condition or as close as practical to this condition

IEC 61508, IEC 62061Proof test

Systematic capability (1…3)IEC 61508SC

Safe failure fraction (%)IEC 61508SFF

Safety integrity level (1…3)IEC 61508SIL

Safe torque offIEC/EN 61800-5-2STO
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DescriptionReferenceTerm or
abbreviation

Proof test interval. T1 is a parameter used to define the
probabilistic failure rate (PFH or PFD) for the safety function or
subsystem. Performing a proof test at a maximum interval of T1
is required to keep theSIL capability valid. The same intervalmust
be followed to keep the PL capability (EN ISO 13849) valid.

IEC 61508-6T1

Refer also section Maintenance.

Mission time: the period of time covering the intended use of the
safety function/device. After themission timeelapses, the safety
device must be replaced. Note that any TM values given cannot
be regarded as a guarantee or warranty.

EN ISO 13849-1TM

Dangerous failure rate (per hour) of the diagnostics function of
STO

IEC 61508-6λDiag_d

Safe failure rate (per hour) of the diagnostics function of STOIEC 61508-6λDiag_s

￭ TÜV certificate
The TÜV certificate is available in the ABB Library.
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Optional I/O extension and adapter
modules

Contents of this chapter
This chapter gives the procedures for installing and starting the how to install and
start up the optional CAIO-01, CHDI-01, CMOD-01 and CMOD-02 IO multifunction
extension modules. The chapter also contains diagnostics and technical data.

CHDI-01 115/230 V digital input extension module

￭ Product overview
The CHDI-01 115/230 V digital input extensionmodule expands the inputs of the drive
control unit. It has six high voltage inputs and two relay outputs.

15
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￭ Layout and connection examples

1

2

3

34

4

5

4

Relay outputs33-pin terminal blocks for 115/230 V inputs4

24 V DC
50
51
52

RO4C
RO4A

RO4B

70
71
72

HDI7
HDI8
NEUTRAL

115/230 V AC

Common, CRO4C50115/230 V input 1HDI770

Normally closed, NCRO4A51115/230 V input 2HDI871

Normally open, NORO4B52Neutral pointNEUTRAL 1)72

Common, CRO5C53115/230 V input 3HDI973

Normally closed, NCRO5A54115/230 V input 4HDI1074

Normally open, NORO5B55Neutral pointNEUTRAL 1)75

Grounding screw1115/230 V input 5HDI1176

Hole for mounting screw2115/230 V input 5HDI1277

DiagnosticLED. Green=Theextensionmodule
is powered up.

5Neutral pointNEUTRAL 1)78

1) Neutral points 72, 75 and 78 are connected.
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￭ Mechanical Installation

Necessary tools

• Screwdriver and a set of suitable bits.

Unpacking and examining the delivery

1. Open the option package. Make sure that the package contains:
• the option module
• a mounting screw.

2. Make sure that there are no signs of damage.

Installing the module

Refer Installing option modules (page 103).

￭ Electrical installation

WARNING Obey the safety instructions of the drive. If you ignore them,
injury or death, or damage to the equipment can occur.

Stop the drive and do the steps in section Electrical safety precautions (page 16)
before you start the work.

Necessary tools

• Screwdriver and a set of suitable bits.

Wiring

Connect the external control cables to the applicable module terminals. Ground the
outer shield of the cables 360 degrees under a grounding clamp on the grounding
shelf of the control cables.

￭ Start-up

Setting the parameters

1. Power up the drive.

2. If no warning is shown,
make sure that the value of both parameters 15.01 Extension module type
and 15.02 Detected extension module is CHDI-01.

•

If warning the A7AB Extension I/O configuration failure is shown,
• make sure that the value of parameter 15.02 is CHDI-01.
• set parameter 15.01 value to CHDI-01.
You can now see the parameters of the extension module in parameter group 15
I/O extension module.

3. Set the parameters of the extension module to applicable values.

Parameter setting example for relay output

This example shows howmake the relay output RO4 of the extensionmodule indicate
the reverse direction of rotation of the motor with a one-second delay.

SettingParameter

Reverse15.07 RO4 source
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SettingParameter

1 s15.08 RO4 ON delay

1 s15.09 RO4 OFF delay

￭ Fault and warning messages
Warning A7AB Extension I/O configuration failure.

￭ Technical data

Into an option slot on the drive control unitInstallation

IP20Degree of protection

Refer the drive technical data.Ambient conditions

CardboardPackage

Relay outputs (50…52, 53…55)

1.5 mm2Maximum wire size

12 V / 10 mAMinimumcontact rat-
ing

250 V AC / 30 V DC / 2 AMaximumcontact rat-
ing

1500 VAMaximum breaking
capacity

115/230 V inputs (70…78)

1.5 mm2Maximum wire size

115 to 230 V AC ±10%Input voltage

2 mAMaximum current
leakage in digital off
state

Isolation areas

HDI

CHDI-01

RO5

RO4HDI

HDI

1

Plugged to drive SLOT21
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Reinforced insulation (IEC 61800-5-1:2007)

Functional insulation (IEC 61800-5-1:2007)
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￭ Dimension drawing
The dimensions are in millimeters and [inches].

CMOD-01 multifunction extension module (external 24 V
AC/DC and digital I/O)

￭ Product overview
The CMOD-01 multifunction extension module (external 24 V AC/DC and digital I/O)
expands the outputs of the drive control unit. It has two relay outputs and one
transistor output, which can function as a digital or frequency output.

In addition, the extension module has an external power supply interface, which can
be used to power up the drive control unit in case the drive power supply is not on. If
you do not need the back-up power supply, you do not have to connect it because the
module is powered from the drive control unit by default.
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Note:With CCU-24 control unit, a CMOD-01 module is not necessary for external
24 V AC/DC supply connection. The external supply is connected directly to terminals
40 and 41 on the control unit.

￭ Layout and example connections

1

2

3

34

5

6

Diagnostic LED6Grounding screw1

Hole for mounting screw2

3-pin terminal blocks for relay outputs32-pin terminal block for external power supply5

24 V DC
50
51
52

RO4C
RO4A

RO4B

40
41

+

-
24V AC/DC + in
24V AC/DC - in

24 V AC/DC

Common, CRO4C50External 24 V (AC/DC) input24 V AC/DC + in40

Normally closed, NCRO4A51External 24 V (AC/DC) input24 V AC/DC - in41
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Normally open, NORO4B523-pin terminal block for for transistor output4

24 V DC 42
43
44

DO1 SRC
DO1 OUT
DO1 SGND

1)

42
43
44

DO1 SRC
DO1 OUT
DO1 SGND

2)

Common, CRO5C53Source inputDO1 SRC42

Normally closed, NCRO5A54Digital or frequency outputDO1 OUT43

Normally open, NORO5B55Ground (earth) potentialDO1 SGND44

1) Digital output connection example
2) An externally supplied frequency indicator which provides, for example:

• a 40 mA / 12 V DC power supply for the sensor circuit (CMOD frequency output)
• suitable voltage pulse input (10 Hz … 16 kHz).

￭ Mechanical Installation

Necessary tools

• Screwdriver and a set of suitable bits.

Unpacking and examining the delivery

1. Open the option package. Make sure that the package contains:
• the option module
• a mounting screw.

2. Make sure that there are no signs of damage.

Installing the module

Refer section Installing option modules (page 103).

￭ Electrical installation

WARNING Obey the safety instructions of the drive. If you ignore them,
injury or death, or damage to the equipment can occur.

Stop the drive and do the steps in section Electrical safety precautions (page 16)
before you start the work.

Necessary tools

• Screwdriver and a set of suitable bits
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Wiring

Connect the external control cables to the applicable module terminals. Ground the
outer shield of the cables 360 degrees under a grounding clamp on the grounding
shelf of the control cables.

WARNING Do not connect the +24 V AC cable to the control unit ground
when the control unit is powered using an external 24 V AC supply.

￭ Start-up

Setting the parameters

1. Power up the drive.

2. If no warning is shown,
make sure that the value of both parameters 15.01 Extension module type
and 15.02 Detected extension module is CMOD-01.

•

If the warning A7AB Extension I/O configuration failure is shown,
• make sure that the value of parameter 15.02 is CMOD-01.
• set the parameter 15.01 value to CMOD-01.
You can now see the parameters of the extension module in parameter group 15
I/O extension module.

3. Set the parameters of the extension module to applicable values.

Examples are given below.

Parameter setting example for relay output

This example shows howmake relay output RO4 of the extensionmodule indicate the
reverse direction of rotation of the motor with a one-second delay.

SettingParameter

Reverse15.07 RO4 source

1 s15.08 RO4 ON delay

1 s15.09 RO4 OFF delay

Parameter setting example for digital output

This example showshow tomakedigital outputDO1of the extensionmodule indicate
the reverse direction of rotation of the motor with a one-second delay.

SettingParameter

Digital output15.22 DO1 configuration

Reverse15.23 DO1 source

1 s15.24 DO1 ON delay

1 s15.25 DO1 OFF delay

Parameter setting example for frequency output

This example showshow tomakedigital outputDO1of the extensionmodule indicate
the motor speed 0…1500 rpm with a frequency range of 0…10000 Hz.
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SettingParameter

Frequency output15.22 DO1 configuration

01.01 Motor speed used15.33 Freq out 1 source

015.34 Freq out 1 src min

1500.0015.35 Freq out 1 src max

1000 Hz15.36 Freq out 1 at src min

10000 Hz15.37 Freq out 1 at src max

Diagnostics

Faults and warning messages

Warning A7AB Extension I/O configuration failure.

LEDs

The extension module has one diagnostic LED.

DescriptionColor

The extension module is powered up.Green

￭ Technical data

Into an option slot on the drive control unitInstallation

IP20Degree of protection

Refer the drive technical data.Ambient conditions

CardboardPackage

Relay outputs (50…52, 53…55)

1.5 mm2Maximum wire size

12 V / 10 mAMinimumcontact rating

250 V AC / 30 V DC / 2 AMaximumcontact rating

1500 VAMaximumbreakingcapa-
city

Transistor output (42…44)

1.5 mm2Maximum wire size

Transistor output PNPType

4 kohmMaximum load

30 V DCMaximum switching
voltage

100 mA / 30 V DC, short-circuit protectedMaximum switching
current

10 Hz … 16 kHzFrequency

1 HzResolution

0.2%Inaccuracy

External power supply (40…41)

1.5 mm2Maximum wire size

24 V AC / V DC ±10% (GND, user potential)Input voltage

25 W, 1.04 A at 24 V DCMaximum power con-
sumption
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Isolation areas

DO1

CMOD-01

RO5

RO424 Vin
1

Plugged to drive SLOT21

Reinforced insulation (IEC 61800-5-1:2007)

Functional insulation (IEC 61800-5-1:2007)
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￭ Dimension drawing
The dimensions are in millimeters and [inches].

CMOD-02 multifunction extension module (external 24 V
AC/DC and isolated PTC interface)

￭ Product overview
The CMOD-02multifunction extensionmodule (external 24 V AC/DC and isolated PTC
interface) has amotor thermistor connection for supervising themotor temperature
and one relay output, which indicates the thermistor status. In case the thermistor
overheats, the drive trips on motor overtemperature. If Safe torque off tripping is
required, the usermustwire theovertemperature indication relay to the certifiedSafe
torque off input of the drive.

In addition, the extension module has an external power supply interface, which can
be used to power up the drive control unit in case the drive power supply is not on. If
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you do not need the back-up power supply, you do not have to connect it because the
module is powered from the drive control unit by default.

There is reinforced insulation between the motor thermistor connection, the relay
output and the drive control unit interface. Thus, you can connect amotor thermistor
to the drive through the extension module.

Note:With CCU-24 control unit, a CMOD-02 module is not necessary for external
24 V AC/DC supply connection. The external supply is connected directly to terminals
40 and 41 on the control unit.

￭ Layout and example connections

1

2

5

43

6

2-pin terminal block for relay output42-pin terminal block for external power sup-
ply

3

62
63

CMOD-02

CCU
34
35

X4

36
37
38

OUT1
OUT2
SGND

IN1
IN2

RO PTC C

RO 
PTC B

40
41

+

-
24V AC/DC + in
24V AC/DC - in

24 V AC/DC

Common, CRO PTC C62External 24 V (AC/DC) input24 V AC/DC +
in

40
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Normally open, NORO PTC B63External 24 V (AC/DC) input24 V AC/DC -
in

41

Grounding screw1Motor thermistor connection5

60
61

PTC IN
PTC IN

One to six PTC thermistors connected in series.

Hole for mounting screw2PTC connectionPTC IN60

Diagnostic LED6Ground (earth) potentialPTC IN61

￭ Mechanical Installation

Necessary tools

• Screwdriver and a set of suitable bits.

Unpacking and examining the delivery

1. Open the option package. Make sure that the package contains:
• the option module
• a mounting screw.

2. Make sure that there are no signs of damage.

Installing the module

Refer section Installing option modules (page 103).

￭ Electrical installation

WARNING Obey the safety instructions of the drive. If you ignore them,
injury or death, or damage to the equipment can occur.

Stop the drive and do the steps in section Electrical safety precautions (page 16)
before you start the work.

Necessary tools

• Screwdriver and a set of suitable bits

Wiring

Connect the external control cables to the applicable module terminals. Ground the
outer shield of the cables 360 degrees under a grounding clamp on the grounding
shelf of the control cables.

WARNING Do not connect the +24 V AC cable to the control unit ground
when the control unit is powered using an external 24 V AC supply.
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￭ Start-up

Setting the parameters

1. Power up the drive.

2. If no warning is shown,
make sure that the values of both parameters 15.01 Extension module type
and 15.02 Detected extension module are CMOD-02.

•

If the warning A7AB Extension I/O configuration failure is shown,
• make sure that the value of parameter 15.02 is CMOD-02.
• set the parameter 15.01 value to CMOD-02.
You can now see the parameters of the extension module in parameter group 15
I/O extension module.

￭ Diagnostics

Faults and warning messages

Warning A7AB Extension I/O configuration failure.

LEDs

The extension module has one diagnostic LED.

DescriptionColor

The extension module is powered up.Green

￭ Technical data

Into option slot 2 on the drive control unitInstallation

IP20Degree of protection

Refer the drive technical data.Ambient conditions

CardboardPackage

Motor thermistor connection (60…61)

1.5 mm2Maximum wire size

DIN 44081 and DIN 44082Supported standards

3.6 kohm ±10%Triggering threshold

1.6 kohm ±10%Recovery threshold

≤ 5.0 VPTC terminal voltage

< 1 mAPTC terminal current

< 50 ohm ±10%Short-circuit detection

The PTC input is reinforced/double insulated. If the motor part of the PTC sensor and wiring are rein-
forced/double insulated, voltages on the PTC wiring are within SELV limits.

If the motor PTC circuit is not reinforced/double insulated (ie, it is basic insulated), it is mandatory to
use reinforced/double insulated wiring between the motor PTC and CMOD-02 PTC terminal.

Relay output (62…63)

1.5 mm2Maximum wire size

250 V AC / 30 V DC / 5 AMaximumcontact rating

1000 VAMaximumbreakingcapa-
city

External power supply (40…41)
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1.5 mm2Maximum wire size

24 V AC / V DC ±10% (GND, user potential)Input voltage

25 W, 1.04 A at 24 V DCMaximum power con-
sumption

Isolation areas

CMOD-02

PTCin

RO PTC24 Vin
1

Plugged to drive SLOT21

Reinforced insulation (IEC 61800-5-1:2007)

Functional insulation (IEC 61800-5-1:2007)
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￭ Dimension drawing
The dimensions are in millimeters and [inches].
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Common mode, du/dt and sine filters

Content of this chapter
This chapter describes how to select external filters for the drive.

Common mode filters

￭ When is a common mode filter needed?
Refer section Examining the compatibility of the motor and drive (page 56).

Common mode filter kits are available from ABB, refer the table below. A kit includes
three wound cores. For installation instructions of the cores, refer the instruction
included in the core package.

￭ Common mode filter types

IEC ratings at Un = 400 V

For common mode filters for smaller types, contact your local representative.

Frame sizeCommon mode filters
ABB drives

IEC type
ACH531-01-

R464315811062A-4

R464315811073A-4

R4 v264315811089A-4

R564315811106A-4

R63AXD50000017269145A-4

R73AXD50000017270169A-4

R73AXD50000017270206A-4

R83AXD50000018001246A-4

16
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Frame sizeCommon mode filters
ABB drives

IEC type
ACH531-01-

R83AXD50000018001293A-4

R93AXD50000017940363A-4

R93AXD50000017940430A-4

R93AXD50000017940490A-4

du/dt filters

￭ When is a du/dt filter needed?
Refer section Examining the compatibility of the motor and drive (page 56).

Refer the table of du/dt filters below.

￭ du/dt filter types

IEC ratings at Un = 400 V

Frame sizedu/dt filters
ABB drives

Type
ACH531-01-

R1LOCH0016-60 or NOCH0016-6x02A7-4

R1LOCH0016-60 or NOCH0016-6x03A4-4

R1LOCH0016-60 or NOCH0016-6x04A1-4

R1LOCH0016-60 or NOCH0016-6x05A7-4

R1LOCH0016-60 or NOCH0016-6x07A3-4

R1LOCH0016-60 or NOCH0016-6x09A5-4

R1LOCH0016-60 or NOCH0016-6x12A7-4

R2LOCH0030-60 or NOCH0016-6x018A-4

R2LOCH0030-60 or NOCH0016-6x026A-4

R3LOCH0070-60 or NOCH0070-6x033A-4

R3LOCH0070-60 or NOCH0070-6x039A-4

R3LOCH0070-60 or NOCH0070-6x046A-4

R4LOCH0070-60 or NOCH0070-6x062A-4

R4NOCH0070-6x or NOCH0120-6x073A-4

R4 v2NOCH0120-6x089A-4

R5NOCH0120-6x106A-4

R6FOCH0260-70145A-4

R7FOCH0260-70169A-4

R7FOCH0260-70206A-4

R8FOCH0260-70246A-4

R8FOCH0260-70293A-4

R9FOCH0320-50363A-4

R9FOCH0320-50430A-4

R9FOCH0320-50490A-4
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￭ Description, installation and technical data of the FOCH filters
Refer FOCH du/dt filters hardware manual (3AFE68577519 [English]).

￭ Description, installation and technical data of the NOCH filters
Refer AOCH and NOCH du/dt filters hardware manual (3AFE58933368 [English]).

Sine filters

￭ IEC ratings at Un = 400 and 480 V

Frame size
Sine filter typeType

ACH531-01- Housing (IP20)Epcos sine filter (IP00)

R1B84143Q0002R229B84143V0004R22902A7-4

R1B84143Q0002R229B84143V0004R22903A4-4

R1B84143Q0002R229B84143V0004R22904A1-4

R1B84143Q0002R229B84143V0006R22905A7-4

R1B84143Q0004R229B84143V0011R22907A3-4

R1B84143Q0004R229B84143V0011R22909A5-4

R1B84143Q0006R229B84143V0016R22912A7-4

R2B84143Q0006R229B84143V0016R229018A-4

R2B84143Q0008R229B84143V0025R229026A-4

R3B84143Q0008R229B84143V0033R229033A-4

R3B84143Q0010R229B84143V0050R229039A-4

R3B84143Q0010R229B84143V0050R229046A-4

R4B84143Q0010R229B84143V0066R229062A-4

R4B84143Q0010R229B84143V0066R229073A-4

R4,v2B84143Q0012R229B84143V0095R229089A-4

R5B84143Q0012R229B84143V0095R229106A-4

R6B84143Q0014R229B84143V0162S229145A-4

R7B84143Q0014R229B84143V0162S229169A-4

R7B84143Q0016R229B84143V0230S229206A-4

R8B84143Q0016R229B84143V0230S229246A-4

R8B84143Q0018R229B84143V0390S229293A-4

R9B84143Q0018R229B84143V0390S229363A-4

R9B84143Q0018R229B84143V0390S229430A-4

R9B84143Q0018R229B84143V0390S229490A-4

￭ Description, installation and technical data
Refer Sine filters hardware manual (3AXD50000016814 [English]).
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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 listingof ABBsales, support and service
contacts can be found by navigating to new.abb.com/contact-centers.

Product training
For information on ABB product training, navigate to new.abb.com/service/training.

Providing feedback on ABB manuals
Your comments on our manuals are welcome. Navigate to forms.abb.com/form-26567.

Document library on the Internet
You can find manuals and other product documents in PDF format on the Internet at
www.abb.com/drives/documents.

CIP a1 (frozen)
PDF-A4
Created 2026-08-25, 12:24:24

https://new.abb.com/contact-centers
new.abb.com/service/training
https://forms.abb.com/form-26567?475096=3AXD50000815319%20B
www.abb.com/drives/documents
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