
—
ABB DRIVES FOR HVAC

ACH480 drives
Hardware manual





ACH480 drives

Hardware manual

Table of contents

1. Safety instructions

4. Mechanical installation

6. Electrical installation – IEC

7. Electrical installation –North
America

3AXD50000245949 Rev D
EN

Original instructions
EFFECTIVE: 2024-05-20





Table of contents

1 Safety instructions

15Contents of this chapter .........................................................................................
15Use of warnings and notes .....................................................................................
16General safety in installation, start-up and maintenance ................................
18Electrical safety in installation, start-up and maintenance .............................
18Electrical safety precautions ..........................................................................
19Additional instructions and notes .................................................................
19Printed circuit boards ..........................................................................
20Grounding ...........................................................................................................
21General safety in operation ....................................................................................
21Additional instructions for permanent magnet motor drives ........................
21Safety in installation, start-up, maintenance ..............................................
22Safety in operation ...........................................................................................

2 Introduction to the manual

23Contents of this chapter .........................................................................................
23Applicability ...............................................................................................................
23Target audience ........................................................................................................
23Categorization by frame size .................................................................................
24Quick installation and commissioning flowchart ..............................................
26Terms and abbreviations ........................................................................................
27Related manuals .......................................................................................................

3 Operation principle and hardware description

29Contents of this chapter .........................................................................................
29Operation principle ..................................................................................................
30Simplified main circuit diagram .....................................................................
30Product variants .......................................................................................................
30IEC and UL (NEC) product types ....................................................................
31Layout .........................................................................................................................
32Control connections ................................................................................................
32Standard unit (with RIIO-01) ...........................................................................
33Base unit .............................................................................................................
33Option modules ........................................................................................................
34Control panel options ..............................................................................................
34UL Type 1 kits ............................................................................................................
35Drive labels .................................................................................................................
35Type designation label .....................................................................................

Table of contents 5



36Software information label .............................................................................
36Type designation key ...............................................................................................
36Basic code ...........................................................................................................
36Option codes ......................................................................................................

4 Mechanical installation

39Contents of this chapter .........................................................................................
39Installation alternatives ..........................................................................................
40Examining the installation site ..............................................................................
40Required tools ...........................................................................................................
41Unpacking the delivery ............................................................................................
41Installing the drive ....................................................................................................
41To install the drive with screws ......................................................................
42To install the drive to a DIN installation rail ................................................

5 Guidelines for planning the electrical installation

45Contents of this chapter .........................................................................................
45Limitation of liability ...............................................................................................
45North America ....................................................................................................
45Selecting the main supply disconnecting device ...............................................
46Selecting the main contactor .................................................................................
46Checking the compatibility of the motor and drive ..........................................
47Selecting the power cables ....................................................................................
47General guidelines ............................................................................................
47Typical power cable sizes ................................................................................
48Power cable types .............................................................................................
48Preferred power cable types ..............................................................
49Alternate power cable types ...............................................................
50Not allowed power cable types ..........................................................
50Additional guidelines – North America .........................................................
51Metal conduit .........................................................................................
51Power cable shield ............................................................................................
52Grounding requirements ........................................................................................
53Additional grounding requirements – IEC ....................................................
54Additional grounding requirements – UL (NEC) .........................................
54Selecting the control cables ...................................................................................
54Shielding .............................................................................................................
54Signals in separate cables ...............................................................................
54Signals that can be run in the same cable ....................................................
55Relay cable ..........................................................................................................
55Control panel to drive cable ............................................................................
55PC tool cable ......................................................................................................
55Routing the cables ...................................................................................................
55General guidelines – IEC ...................................................................................

6 Table of contents



56General guidelines – North America ..............................................................

57
Continuous motor cable shield/conduit and metal enclosure for
equipment on the motor cable .......................................................................

58Separate control cable ducts ..........................................................................
58Implementing short-circuit and thermal overload protection ........................
58Protecting the drive and input power cable in short-circuits ..................
58Protecting the motor and motor cable in short-circuits ..........................

59
Protecting the drive, and the input power and motor cables against
thermal overload ...............................................................................................

59Protecting the motor against thermal overload ........................................

59
Protecting the motor against overload without thermal model or
temperature sensors ........................................................................................

60Implementing a motor temperature sensor connection .................................
60Protecting the drive against ground faults .........................................................
60Residual current device compatibility ..........................................................
60Implementing the Emergency stop function ......................................................
61Implementing the Safe torque off function ........................................................
61Using a safety switch between the drive and the motor .................................
61Implementing the control of a contactor between drive and motor .............
61Protecting the contacts of relay outputs ............................................................

6 Electrical installation – IEC

63Contents of this chapter .........................................................................................
63Required tools ...........................................................................................................
64Measuring the insulation resistance - IEC ...........................................................
64Measuring the insulation resistance of the drive .......................................
64Measuring the insulation resistance of the input power cable ...............
64Measuring the insulation resistance of the motor and motor cable ......
65Measuring the insulation resistance of the brake resistor circuit ..........
65Grounding system compatibility check – IEC .....................................................
65EMC filter ............................................................................................................
66Ground-to-phase varistor ................................................................................

66
Compatibility of EMC filter and ground-to-phase varistor with the
grounding system .............................................................................................

68Disconnecting the EMC filter or ground-to-phase varistor ......................
68EMC/VAR screw location .....................................................................
69Guidelines for installing the drive to a TT system ......................................
69Identifying the grounding system of the electrical power network .......
71Connecting the power cables – IEC (shielded cables) ......................................
71Connection diagram .........................................................................................
72Connection procedure .....................................................................................
74Connecting the control cables - IEC .....................................................................
74Default I/O connection diagrams (HVAC default) ......................................
76Default fieldbus connection diagram ...........................................................
77Control cable connection procedure .............................................................

Table of contents 7



78Additional information on the control connections ..................................
78Embedded EIA-485 fieldbus connection ..........................................
80PNP configuration for digital inputs .................................................
80NPN configuration for digital inputs ................................................
81Connection for obtaining 0… 10 V from analog output 2 (AO2) .
81Connection examples of two-wire and three-wire sensors .........

82
AI and AO (or AI, DI and +10 V) as PTCmotor temperature sensor
interface ..................................................................................................

84
AI1 and AI2 as Pt100, Pt1000, Ni1000, KTY83 and KTY84 sensor
inputs ......................................................................................................

85Safe torque off ......................................................................................
85Auxiliary voltage connection ..................................................................................
86Connecting a PC .......................................................................................................
86Installing options ......................................................................................................
87Installing a front option ...................................................................................
88Installing a side option .....................................................................................

7 Electrical installation – North America

91Contents of this chapter .........................................................................................
91Required tools ...........................................................................................................
92Measuring the insulation resistance - North America ......................................
92Measuring the insulation resistance of the drive .......................................
92Measuring the insulation resistance of the input power cable ...............
92Measuring the insulation resistance of the motor and motor cable ......
93Measuring the insulation resistance of the brake resistor circuit ..........
93Grounding system compatibility check – North America .................................
93EMC filter ............................................................................................................
94Ground-to-phase varistor ................................................................................

94
Compatibility of EMC filter and ground-to-phase varistor with the
grounding system .............................................................................................

96
Disconnecting the ground-to-phase varistor, or connecting the EMC
filter .....................................................................................................................

96EMC/VAR screw location .....................................................................
97Guidelines for installing the drive to a TT system ......................................
97Identifying the grounding system of the electrical power network .......
99Connecting the power cables – North America (wiring in conduits) .............
99Connection diagram .........................................................................................
100Connection procedure .....................................................................................
102Connecting the control cables - North America .................................................
102Default I/O connection diagrams (HVAC default) ......................................
104Default fieldbus connection diagram ...........................................................
105Control cable connection procedure .............................................................
106Additional information on the control connections ..................................
106Embedded EIA-485 fieldbus connection ..........................................
108PNP configuration for digital inputs .................................................

8 Table of contents



108NPN configuration for digital inputs ................................................
109Connection for obtaining 0… 10 V from analog output 2 (AO2) .
109Connection examples of two-wire and three-wire sensors .........

110
AI and AO (or AI, DI and +10 V) as PTCmotor temperature sensor
interface ..................................................................................................

112
AI1 and AI2 as Pt100, Pt1000, Ni1000, KTY83 and KTY84 sensor
inputs ......................................................................................................

113Safe torque off ......................................................................................
113Auxiliary voltage connection ..................................................................................
114Connecting a PC .......................................................................................................
114Installing options ......................................................................................................
115Installing a front option ...................................................................................
116Installing a side option .....................................................................................

8 Installation checklist

119Contents of this chapter .........................................................................................
119Checklist .....................................................................................................................

9 Maintenance

123Contents of this chapter .........................................................................................
123Maintenance intervals .............................................................................................
123Description of symbols ....................................................................................
124Recommended maintenance intervals after start-up ...............................
125Functional safety components ..............................................................................
125Cleaning the heatsink ..............................................................................................
126Replacing the cooling fans .....................................................................................
126Replacing the cooling fan, frames R1…R3 ...................................................
127Replacing the cooling fan, frame R4 .............................................................
129Capacitors ..................................................................................................................
129Reforming the capacitors ................................................................................

10 Technical data

131Contents of this chapter .........................................................................................
131Electrical ratings .......................................................................................................
131IEC ratings ..........................................................................................................
133UL (NEC) ratings ................................................................................................
134Definitions ..........................................................................................................
135Sizing ...................................................................................................................
135Output derating ........................................................................................................
137Surrounding air temperature derating .........................................................
137Altitude derating ...............................................................................................
138Switching frequency derating ........................................................................
141Derating in case of a phase loss ....................................................................

Table of contents 9



141Fuses ...........................................................................................................................
141IEC fuses .............................................................................................................
141gG fuses (IEC) ........................................................................................
143gR fuses (IEC) .........................................................................................
144UL (NEC) fuses ...................................................................................................
146UL (NEC) fuse alternatives ..................................................................
151Alternative short-circuit protection .....................................................................
151Miniature circuit breakers (IEC) .....................................................................
153Miniature circuit breakers (UL) ......................................................................

154
Manual self-protected combination motor controller – Type E USA
(UL (NEC)) ...........................................................................................................

157Dimensions and weights ........................................................................................
158Free space requirements ........................................................................................
158Losses, cooling data and noise .............................................................................
160Typical power cable sizes .......................................................................................
163Terminal data for the power cables ......................................................................
166Terminal data for the control cables ....................................................................
166Electrical power network specification ...............................................................
167Motor connection data ............................................................................................
168Motor cable length ............................................................................................
168Operational functionality and motor cable length ........................
168EMC compatibility and motor cable length .....................................
169Brake resistor connection data .............................................................................
170Control connection data .........................................................................................
171Energy efficiency data (ecodesign) ......................................................................
171Protection classes ....................................................................................................
171Ambient conditions .................................................................................................
173Storage conditions ...................................................................................................
173Materials .....................................................................................................................
173Drive .....................................................................................................................
173Drive package ....................................................................................................
173Package materials for options, accessories and spare parts ..................
174Materials of manuals ........................................................................................
174Disposal ......................................................................................................................
174Applicable standards ...............................................................................................
175Markings .....................................................................................................................

177
Compliancewith theharmonic current limits in apublic network (IEC/EN
61000 3-2, IEC/EN 61000-3-12) .......................................................................

1773-phase 230 V, 400 V or 480 V drive with the input choke ...........
1773-phase 230 V, 400 V or 480 V drive without the input choke .....
1771-phase 230 V drive with or without the input choke ....................
177EMC compliance (IEC/EN 61800-3:2004 + A1:2012) ..........................................
177Definitions ..........................................................................................................
178Category C1 ........................................................................................................
178Category C2 ........................................................................................................

10 Table of contents



179Category C3 ........................................................................................................
179Category C4 ........................................................................................................
181UL checklist ................................................................................................................
182Disclaimers ................................................................................................................
182Generic disclaimer ............................................................................................
182Cyber security disclaimer ................................................................................
183Declarations of conformity ....................................................................................

11 Dimension drawings

185Contents of this chapter .........................................................................................
186Frame R0 ....................................................................................................................
186Frame R0 (front & side) - IP20 / UL open type ............................................
187Frame R0 (bottom & rear) - IP20 / UL open type ........................................
188Frame R1 .....................................................................................................................
188Frame R1 (front & side) - IP20 / UL open type .............................................
189Frame R1 (bottom & rear) - IP20 / UL open type ........................................
190Frame R1 (front & side) - UL Type 1 kit installed .........................................
191Frame R1 (bottom & rear) - UL Type 1 kit installed .....................................
192Frame R2 .....................................................................................................................
192Frame R2 (front & side) - IP20 / UL open type .............................................
193Frame R2 (bottom & rear) - IP20 / UL open type ........................................
194Frame R2 (front & side) - UL Type 1 kit installed .........................................
195Frame R2 (bottom & rear) - UL Type 1 kit installed .....................................
196Frame R3 .....................................................................................................................
196Frame R3 (front & side) - IP20 / UL open type ............................................
197Frame R3 (bottom & rear) - IP20 / UL open type ........................................
198Frame R3 (front & side) - UL Type 1 kit installed .........................................
199Frame R3 (bottom & rear) - UL Type 1 kit installed ....................................
200Frame R4 ....................................................................................................................
200Frame R4 (front & side) - IP20 / UL open type ............................................
201Frame R4 (bottom & rear) - IP20 / UL open type ........................................
202Frame R4 (front & side) - UL Type 1 kit installed .........................................
203Frame R4 (bottom & rear) - UL Type 1 kit installed ....................................

12 Input chokes

205Contents of this chapter .........................................................................................
205When is an input choke necessary? ......................................................................
205Maximum input current ...........................................................................................
206IEC ........................................................................................................................
207UL (NEC) ..............................................................................................................
207Selecting an input choke .........................................................................................
209Guidelines for installing an input choke ..............................................................
210Connection diagram .........................................................................................
210Dimensions ................................................................................................................

Table of contents 11



13 External EMC filters

213Contents of this chapter .........................................................................................
213Selecting the external EMC filter ...........................................................................

14 Resistor braking

217Contents of this chapter .........................................................................................
217Safety ..........................................................................................................................
217Operation principle ..................................................................................................
217Selecting the brake resistor ...................................................................................
219Reference brake resistors ...............................................................................
222Definitions ..............................................................................................
222Selecting and routing the brake resistor cables ................................................
222Minimizing electromagnetic interference ....................................................
222Maximum cable length .....................................................................................
222Selecting the installation location for the brake resistors ..............................
223Protecting the system in brake circuit fault situations ....................................

223
Protecting the system in cable and brake resistor short-circuit
situations ............................................................................................................

223Protecting the system against thermal overload .......................................
224Mechanical and electrical installation of brake resistor ...................................
224Mechanical installation ....................................................................................
225Electrical installation ........................................................................................
225Measuring the insulation .....................................................................
225Connecting power cables ....................................................................
225Connection the control cables ...........................................................
225Start-up ......................................................................................................................

15 The Safe torque off function

227Contents of this chapter .........................................................................................
227Description ................................................................................................................

228
Compliance with the European Machinery Directive and the UK Supply
of Machinery (Safety) Regulations ................................................................

229Wiring ..........................................................................................................................
229Connection principle ........................................................................................
229Single ACH480 drive, internal power supply ...................................
230Single ACH480 drive, external power supply ..................................
231Wiring examples ................................................................................................
231Single ACH480 drive, internal power supply ...................................
231Single ACH480 drive, external power supply ..................................
232Multiple ACH480 drives, internal power supply .............................
233Multiple ACH480 drives, external power supply .............................
233Activation switch ...............................................................................................
234Cable types and lengths ..................................................................................

12 Table of contents



234Grounding of protective shields ....................................................................
235Operation principle ..................................................................................................
236Start-up including validation test .........................................................................
236Competence .......................................................................................................
236Validation test reports .....................................................................................
236Validation test procedure ...............................................................................
238Use ...............................................................................................................................
240Maintenance ..............................................................................................................
240Competence .......................................................................................................
241Fault tracing ..............................................................................................................
242Safety data .................................................................................................................
244Terms and abbreviations .................................................................................
245TÜV certificate ...................................................................................................

16 BAPO-01 auxiliary power extension module

247Contents of this chapter .........................................................................................
247Safety instructions ...................................................................................................
247Hardware description ..............................................................................................
248Layout ..................................................................................................................
249Mechanical installation ............................................................................................
249Electrical installation ...............................................................................................
250Start-up ......................................................................................................................
250Technical data ...........................................................................................................

17 BIO-01 I/O extension module

251Contents of this chapter .........................................................................................
251Safety instructions ...................................................................................................
251Hardware description ..............................................................................................
251Product overview ..............................................................................................
252Layout ..................................................................................................................
252Mechanical installation ............................................................................................
252Terminal configuration ............................................................................................
253Electrical installation ...............................................................................................
253Start-up ......................................................................................................................
254Technical data ...........................................................................................................

18 BREL-01 relay output extension module

257Contents of this chapter .........................................................................................
257Safety instructions ...................................................................................................
257Hardware description ..............................................................................................
257Product overview ..............................................................................................
258Layout ..................................................................................................................
258Mechanical installation ............................................................................................

Table of contents 13



258Electrical installation ...............................................................................................
259Start-up ......................................................................................................................
259Configuration parameters ......................................................................................
262Technical data ...........................................................................................................

Further information

14 Table of contents



Safety instructions

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

Use of warnings and notes
Warnings tell you about conditions which can cause injury or death, or damage to
theequipment. Theyalso tell youhowtoprevent thedanger.Notesdrawattention
to a particular condition or fact, or give information on a subject.

The manual uses these warning symbols:

WARNING!
Electricitywarning tells about hazards fromelectricitywhich can cause injury
or death, or damage to the equipment.

WARNING!
Generalwarning tells about conditionsother than those causedbyelectricity,
which can cause injury or death, or damage to the equipment.

WARNING!
Electrostatic sensitivedeviceswarning tells youabout the riskof electrostatic
discharge which can cause damage to the equipment.

1
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General safety in installation, start-up and maintenance
These instructions are for all personnel 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 required personal protective equipment: safety shoes with metal toe
cap, safety glasses, protective gloves and long sleeves, etc. Some parts have
sharp edges.

• Beware of hot surfaces. Some parts, such as heatsinks of power
semiconductors, andbrake resistors, remainhot for awhile afterdisconnection
of the electrical supply.

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

• Make sure that debris from drilling, cutting and grinding does not go into the
drive during installation. Electrically conductive debris inside the drive can
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 marked as defined in IEC/EN/UL 61800-5-1, subclause 6.5.3,
for example, "THIS MACHINE STARTS AUTOMATICALLY".

• Themaximum number of drive power-ups is five in tenminutes. Too frequent
power-ups can damage the charging circuit of the DC capacitors.

• If you have connected safety circuits to the drive (for example, Safe torque off
or emergency stop), validate them at start-up. See separate instructions for
the safety circuits.

• Beware of hot air exiting from the air outlets.

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

16 Safety instructions
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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.

• Only authorized persons are allowed to repair a malfunctioning drive.
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Electrical safety in installation, start-up and maintenance

￭ Electrical safety precautions

These electrical safety precautions are for all personnel who dowork on the drive,
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 installation or
maintenance work.

Do these steps before you begin any 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 motor(s).

2. Clearly identify the work location and equipment.

3. Disconnect all possible voltage sources. Make sure that re-connection is not
possible. Lock out and tag out.
• Open the main disconnecting device of the drive.
• If you have 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, always wait 5 minutes to let

the intermediate circuit capacitors discharge before you continue.

4. Protect other energized parts in the work location against contact and take
special precautions when close to bare conductors.

5. Measure that the installation is de-energized. Use a 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 drive input power terminals (L1,
L2, L3) and the grounding (PE) busbar is zero.

• Make sure that the voltage between the drive output terminals (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.
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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 apermit towork fromtheperson in control of the electrical installation
work.

￭ 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, and
environmental 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, keep away
from the area near motor, drive, and the drive power cabling when the drive
is in operation. There are electromagnetic fields present which can interfere
with the function of such 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 Safe torque off function does not remove the voltage from the main and
auxiliary circuits. The function is not effective against deliberate sabotage or
misuse.

Printed circuit boards

WARNING!
Use a grounding wristband when you handle printed circuit boards. Do not
touch the boards unnecessarily. The boards contain components sensitive
to electrostatic discharge.
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￭ Grounding

These instructions are for all personnel 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.

• Alwaysground thedrive, themotor andadjoining equipment. This is necessary
for the personnel safety.

• Make sure that the conductivity of the protective earth (PE) conductors is
sufficient and that other requirements are met. See the electrical planning
instructions of the drive. Obey the applicable national and local regulations.

• When using shielded cables,make a 360° grounding of the cable shields at the
cable entries to reduce electromagnetic emission and interference.

• In amultiple-drive installation, connect each drive separately to the protective
earth (PE) busbar of the power supply.
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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, keep away
from the area near motor, drive, and the drive power cabling when the drive
is in operation. There are electromagnetic fields present which can interfere
with the function of such 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 the drive 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. If these functions are activated, the installation
must be clearly marked as defined in IEC/EN/UL 61800-5-1, subclause 6.5.3,
for example, "THIS MACHINE STARTS AUTOMATICALLY".

Note:

• Themaximum number of drive power-ups is five in tenminutes. Too frequent
power-ups 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 or the fieldbus interface.

Additional instructions for permanentmagnetmotor drives

￭ Safety in installation, start-up, maintenance

These are additional warnings concerning permanent magnet motor drives. The
other safety instructions in this chapter are also valid.

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.
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• Do not do work on the drive when a rotating permanent magnet motor is
connected to it. A rotating permanent magnet motor energizes the drive
including its input and output power terminals.

Before installation, start-up and maintenance work on the drive:

• Stop the drive.

• Disconnect the motor from the drive with a safety switch or by other means.

• If you cannot disconnect the motor, make sure that the motor cannot rotate
during work. Make sure that no other system, like hydraulic crawling drives,
can rotate the motor directly or through any mechanical connection like belt,
nip, rope, etc.

• Do the steps in section Electrical safety precautions (page 18).

• Install temporary grounding to the drive output terminals (T1/U, T2/V, T3/W).
Connect the output terminals together as well as to the PE.

During the start-up:

• Make sure that the motor cannot run overspeed, for example, driven by the
load. Motor overspeed causes overvoltage that can damage or destroy the
capacitors in the intermediate circuit of the drive.

￭ Safety in operation

WARNING!
Make sure that the motor cannot run overspeed, for example, driven by the
load. Motor overspeed causes overvoltage that can damage or destroy the
capacitors in the intermediate circuit of the drive.
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Introduction to the manual

Contents of this chapter
Thechapterdescribes theapplicability, target audienceandpurposeof themanual.
The chapter contains a list of relatedmanuals and a flowchart for installation and
commissioning.

Applicability
This manual is applicable to ACH480 drives.

Target audience
This manual is intended for people who plan the installation, install, commission
and do maintenance 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 work on the drive. You are expected to know the
fundamentals of electricity, wiring, electrical components and electrical schematic
symbols.

Categorization by frame size
Thedrives aremanufactured in framesizes (for example, R1). The information that
is applicable only to specific frames is identified with the frame size. The frame
size is shown on the type designation label.

2
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Quick installation and commissioning flowchart

SeeTask

Type designation key (page 36)Identify the frame size: R0, R1, R2, etc.

Guidelines for planning the electrical installa-
tion (page 45)

Plan the installation.

Check the ambient conditions, ratings and
required cooling air flow. Technical data (page 131)

Unpacking the delivery (page 41)Unpack and check the delivery.

Grounding system compatibility check –
IEC (page 65)

If the supply network is not a symmetrically
grounded TN-S system, make sure that the
drive is compatible with the grounding sys-
tem. Grounding system compatibility check –

North America (page 93)

Installing the drive (page 41)Install the drive.

Routing the cables (page 55)Route the cables.

Measuring the insulation resistance -
IEC (page 64)

Measure the insulation of the input cable,
motor and motor cable.

Measuring the insulation resistance - North
America (page 92)

Connecting the power cables – IEC (shielded
cables) (page 71)

Connect the power cables.

Connecting thepower cables –NorthAmerica
(wiring in conduits) (page 99)

Connecting the control cables - IEC (page 74)Connect the control cables.

Connecting the control cables - North Amer-
ica (page 102)

Installation checklist (page 119)Examine the installation.

24 Introduction to the manual



SeeTask

Refer to ACH480drives quick installation and
start-up guide (3AXD50000247141 [English])
andACH480HVACcontrol programfirmware
manual (3AXD50000247134 [English]).

Commission the drive.
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Terms and abbreviations

DescriptionTerm

Assistant control panel with Hand-Off-Auto functionalityACH-AP-H
Assistant control panel with Hand-Off-Auto functionality and
Bluetooth interface

ACH-AP-W

Optional auxiliary power extension moduleBAPO
Optional USB to RJ45 cableBCBL-01
Optional I/Oextensionmodule. Canbe installed to thedrive together
with a fieldbus adapter module.

BIO-01

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 certain maximum limit. The
voltage rise is typically caused by deceleration (braking) of a high
inertia motor.

Brake chopper

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

Brake resistor

Optional relay output extension moduleBREL
The capacitors connected to the DC linkCapacitor bank
Configuration adapterCCA-01
Communication adapter moduleCDPI-01
The part in which the control program runs.Control unit
DC circuit between rectifier and inverterDC link
Energy storage which stabilizes the intermediate circuit DC voltageDC link capacitors
Frequency converter for controlling AC motorsDrive
Embedded fieldbusEFB
Electromagnetic compatibilityEMC
Fieldbus adapterFBA
BACnet/IP adapter moduleFBIP-21
Optional CANopen® adapter moduleFCAN
Optional ControlNet™ adapter moduleFCNA-01
Optional DeviceNet™ adapter moduleFDNA-01
Optional EtherCAT® adapter moduleFECA-01
Optional Ethernet adapter module for EtherNet/IP™, Modbus TCP
and PROFINET IO protocols, 2-port

FENA-21

Optional Ethernet POWERLINK adapter moduleFEPL-02
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
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DescriptionTerm

Converts direct current and voltage to alternating current and
voltage.

Inverter

A pre-defined set of default values of parameters in a drive control
program.

Macro

In the drive control program, user-adjustable operation instruction
to the drive, or signal measured or calculated by the drive.
In some (for example fieldbus) contexts, a value that canbeaccessed
as an object. For example, variable, constant, or signal.

Parameter

Programmable logic controllerPLC
Optional blank control panel coverRDUM-01
Convertsalternatingcurrentandvoltage todirect currentandvoltageRectifier
Radio-frequency interferenceRFI
I/O & EIA-485 moduleRIIO-01
Safety integrity level (1…3) (IEC 61508, IEC 62061, IEC 61800-5-2)SIL
Safe torque off (IEC/EN 61800-5-2)STO

Related manuals
You can find manuals on the Internet. See below for the relevant code/link. For
more documentation, go to www.abb.com/drives/documents.

ACH480 manuals
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Operation principle and
hardware description

Contents of this chapter
This chapter briefly describes theoperationprinciple and constructionof thedrive.

Operation principle
TheACH480 isadrive for controllingasynchronousAC inductionmotors,permanent
magnet synchronous motors and ABB synchronous reluctance motors (SynRM
motors). The drive is optimized for cabinet installation.

3
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￭ Simplified main circuit diagram

R-

L1

L2

L3

T1/U

T2/V

T3/W

R+
UDC+ UDC-

1 2 3

4 5

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

Brake chopper. Conducts energy from the intermediate DC circuit of the drive to the
brake resistor when it is necessary and if an external brake resistor is connected to
the drive. The chopper operates when the DC link voltage exceeds a certain maximum
limit. The voltage rise is typically caused by deceleration (braking) of amotor. The user
obtains and installs the brake resistor when necessary.

4

DC connection (UDC+, UDC-).5

Product variants
The drive has two product variants:

• Standard unit: drive with assistant control panel and RIIO-01 I/O & EIA-485
module

• Baseunit: drivewithout control panel andwithoutRIIO-01 I/O&EIA-485module
(option +0J400+0L540) .

￭ IEC and UL (NEC) product types

The ACH480 series consists of IEC product types andUL (NEC) product types. The
IEC types aredesigned for global use. TheUL (NEC) types are specifically designed
for use in North America.
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Layout

1

2

4

5

6

7

9

12

14
16

10

8

15

11

13

3

17

Motor and brake resistor terminals10Type designation label1

Cooling fan (on frames R1…R4)11Model information label2

Front cover12Firmware information label3

Control terminals13Control panel connection4

Cold configuration adapter connection
(CCA-01)

14Control panel5

Front option slot15EMC filter grounding screw6

Front option module16Varistor grounding screw7

Side option slot for side-mounted op-
tions

17PE connection (motor)8

Input power terminals9
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Control connections
There are fixed control connections on the base unit and additional control
connections on the installed option module.

￭ Standard unit (with RIIO-01)

RELAYS MAX
250V AC 30 DC 2A

24
V

DG
ND

DC
OM D 
3

D 
4

D 
5

D 
6

AI
2

AG
ND A0
1

A0
2

AG
ND B 
+ A - DG
ND

SC
R

AI
1

AG
ND

+1
0V

RO
2C

RO
2A

RO
2B

RO
3C

RO
3A

RO
3B

D 1

DI2

IN1

IN2

ON

RO1C

RO1A

RO1B

+24V

DGND

DCOM

SGND

OUT1

1

1

3

2

4

4

5

6

7
8

9 10

Connections of the base unit:

1. Auxiliary voltage output

2. Digital inputs

3. Safe torque-off connections

4. Relay output connections

5. Cold configuration adapter connection for
CCA-01

Connections of the RIIO-01 I/O & EIA-485
module:

6. Digital inputs

7. Analog inputs and outputs

8. Embedded fieldbus EIA-485 (Modbus RTU,
BACnet MS/TP, N2)

9. Auxiliary voltage output

10. EIA-485 end of line termination switch

32 Operation principle and hardware description



￭ Base unit

D 1

DI2

IN1

IN2

+24V

DGND

DCOM

SGND

OUT1

RO1C

RO1A

RO1B

1

2

3

4
5

6

Connections of the base unit:

1. Auxiliary voltage output

2. Digital inputs

3. Safe torque-off connections

4. Relay output connection

5. Cold configuration adapter connection for
CCA-01

6. Front option module slot 1

Option modules
The drive supports optional extensionmodules on the front and on the right side.
Refer to Type designation key (page 36).
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Control panel options
The drive supports these control panels:

• ACH-AP-H assistant hand-off-auto control panel

• ACH-AP-W assistant hand-off-auto control panel with Bluetooth

• RDUM-01 blank panel with RJ-45 connector

• CDPI-02 panel bus adapter (blank panel with two RJ-45 connectors for the
panel bus).

In addition, you can order a control panel platform for cabinet door installation.
These panel platforms are available:

DescriptionType

Control panel mounting platform (flush mounting) and cable 1)DPMP-01

Control panel mounting platform (surface mounting) and cable
1)DPMP-02

DPMP-02panelmountingplatform (and cable) andRDUM-01blankpanelwith
RJ-45 connector

DPMP-EXT2

1) You need also RDUM-01 blank panel, or CDPI-02 panel bus adapter to connect the panel cable at the
drive end.

UL Type 1 kits
There are UL Type 1 kit options available for the drive. For the ordering codes and
installation instructions, refer to the table that follows.

Installation instructionsOption codeFrame size

UL Type 1 kit for ACS380, ACS480 and
ACH480 installation guide, frames R0 to R2

(3AXD50000235254)

3AXD50000187034R0

3AXD50000176779R1

3AXD50000178780R2

UL Type 1 kit for ACS380, ACS480 and
ACH480 installation guide, frames R3 to R4

(3AXD50000242375)

3AXD50000179220R3

3AXD50000179336R4
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Drive labels
The drive has these labels:

• type designation label on the left side of the drive

• model information label on the top of the drive

• software information label under the control panel.

Example labels are shown in this section.

￭ Type designation label

11

10
2

3

4

6

7

1

9

5

8

Type designation, see section Type designation key (page 36).1

Contact address2

Frame (size)3

Cooling method4

Short-circuit withstand strength, see section Electrical power network specifica-
tion (page 166).

5

Degree of protection6

Losses according to IEC 61800-9-27

Nominal ratings in the supply voltage range, Electrical ratings (page 131).8

Link to product information page9

Valid markings10

S/N: Serial number of format MYYWWXXXXX, where

M: Manufacturer

YY: Year of manufacture: 19, 20, 21, … for 2019, 2020, 2021, …

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

XXXX: Running item number that starts each week from 0001.

11
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￭ Software information label

1

2

3

ACH480-04-09A5-4
3~ 400/480 V (Frame R1)
Pld: 4 kW (5 hp)
S/N: 42050A0024
SW v2.12.0.0

Drive type1

Frame size and ratings2

Serial number and drive software version3

Type designation key
The type designation key shows the specifications and the configuration of the
drive.

￭ Basic code

Type code example: ACH480-04-12A7-4

DescriptionCode

Product seriesACH480

Construction. 04 = Module04

When no options are selected: cabinet optimized module, IP20 (UL open type),
ACH-AP-H assistant control panel, RIIO-01 I/O & EIA-485 module (BACnet MS/TP,
Modbus RTU, N2), EMC category C2 filter, Safe torque off, brake chopper, coated
boards, quick installation and start-up guide.

Size. See the ratings table in the technical data.12A7

Input voltage.4

• 1 = 1-phase 200… 240 V AC
• 2 = 3-phase 200… 240 V AC
• 4 = 3-phase 380 … 480 V AC

￭ Option codes

DescriptionCode

No control panel0J400

ACH-AP-H control panel (included as standard)J400

Blank control panel cover (no control panel)J424

ACH-AP-W control panel with Bluetooth interfaceJ429
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DescriptionCode

FDNA-01 DeviceNet™ adapter moduleK451

FPBA-01 PROFIBUS DP adapter moduleK454

FCAN-01 CANopen adapter moduleK457

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

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™,Modbus TCP and PROFINET
IO protocols, 2-portK475

FMBT-21 Modbus/TCP adapter moduleK491

FPNO-21 PROFINET IO adapter moduleK492

BREL-01 relay output extension moduleL511

BIO-01 I/O extension module (front option, can be used with fieldbus)L515

BAPO-01 external 24 V DC power extension module (side option)L534

RIIO-01 I/O & EIA-485 module (front option, as standard)L540

Base unit without RIIO-01 I/O & EIA-485 module0L540

Printed manuals in EnglishR700

Printed manuals in German 1)R701

Printed manuals in Italian1)R702

Printed manuals in Dutch1)R703

Printed manuals in Danish1)R704

Printed manuals in Swedish1)R705

Printed manuals in Finnish1)R706

Printed manuals in French1)R707
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DescriptionCode

Printed manuals in Spanish1)R708

Printed manuals in Portuguese1)R709

Printed manuals in Russian1)R711

Printed manuals in Chinese1)R712

Printed manuals in Polish1)R713

Printed manuals in Turkish1)R714

1) Manuals in English may be included if a translation in the specified language is not available.
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Mechanical installation

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

Installation alternatives
You can install the drive:

• with screws on to a wall

• with screws on to an assembly plate

• on to a DIN installation rail (IEC/EN 60715, top hat type, width 35 mm [1.4 in]
× height 7.5 mm [0.3 in]).

Installation requirements:

• The drive is designed for cabinet installation and has a degree of protection
of IP20 / UL open type as standard. A UL Type 1 kit is available as an option.

• Make sure that there is aminimumof 75mm (3 in) of free space at the top and
bottom of the drive (at the cooling air inlet and outlet), measured from the
frame.
With the optional UL Type 1 kit, make sure that there is a minimum of 50 mm
(2 in) of free space at the top (measured from the top of the hood) and 75mm
(3 in) at the bottom of the drive.

• You can install several drives side by side.

• Install R0 drives vertically, because they do not have a cooling fan.

4
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• You can install frames R1, R2, R3 and R4 tilted to a maximum of 90 degrees,
from vertical to fully horizontal orientation.

• Do not install the drive upside down.

• Make sure that the hot exhaust air from a drive does not flow into the cooling
inlet of other drives or equipment.

• Drives equipped with the optional UL Type 1 kits: If you install the drives
side-by-side, make sure that their air outlets do not face each other.

Examining the installation site
Examine the installation site. Make sure that:

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

• The ambient conditions of the drivemeet the specifications. See 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. See the free space specifications for the drive.

• Make sure that there are no sources of strong magnetic 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.

Required tools
To install the drive mechanically, you need these tools:

• a drill and suitable drill bits

• a screwdriver or wrench with a set of suitable bits

• a tape measure and spirit level

• personal protective equipment.
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Unpacking the delivery
Keep the drive in its package until you are ready to install it. After unpacking,
protect the drive from dust, debris and moisture.

Make sure that these items are included:

• drive

• options, if ordered with an option code

• assistant control panel (not installed)

• RIIO-01 I/O & EIA-485 module (not installed)

Note: If a fieldbus adapter is ordered, it replaces the RIIO-01 I/O & EIA-485
module of the standard delivery.

• mounting template (drives with frame size R3 or R4 only)

• installation accessories (cable clamps, cable ties, hardware)

• multilingual warning sticker sheet (residual voltage warning)

• safety instructions

• quick installation and start-up guide

• hardware and firmware manuals, if ordered with an option code.

Make sure that there are no signs of damage to the items.

Installing the drive

￭ To install the drive with screws

1. Make marks onto the surface for the mounting holes. Use the included
mounting template for frames R3 andR4. For other frames, see the dimension
drawings.

2. Drill the holes for the mounting screws.

3. If necessary, install anchors or plugs into the holes.
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4. Install the mounting screws into the holes. Leave a gap between the screw
head and installation surface.

M1M
2

5. Put the drive onto the mounting screws.

6. Tighten the mounting screws.

5

6

￭ To install the drive to a DIN installation rail

Use an IEC/EN 60715 top hat type installation rail, width × height = 35 × 7.5 mm
(1.4 × 0.3 in).

1. Move the locking part to the left.

42 Mechanical installation

4



2. Push and hold the locking button down.

3. Put the top tabs of the drive onto the top edge of the DIN installation rail.

4. Put the drive against the bottom edge of the DIN installation rail.

5. Release the locking button.

6. Move the locking part to the right.

7. Make sure that the drive is correctly installed.

To remove the drive, use a flat-head screwdriver to open the locking part.
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Guidelines for planning the
electrical installation

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

Limitation of liability
The installation must always be designed 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.

￭ North America

Installations must be compliant with NFPA 70 (NEC)1) and/or Canadian Electrical
Code (CE) along with state and local codes for your location and application.
1) National Fire Protection Association 70 (National Electric Code).

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

5
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TocomplywithEuropeanUniondirectives andUnitedKingdomregulations related
to standard EN 60204-1, the disconnecting device must be one of these types:

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

• disconnector that has an auxiliary contact that in all cases causes switching
devices 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.

Selecting the main contactor
You can equip the drive with a main contactor.

Follow these guidelines when you select a customer-defined main contactor:

• Dimension the contactor according to the nominal voltage and current of the
drive. Also consider the environmental conditions such as surrounding air
temperature.

• IEC installations: Select contactor with utilization category AC-1 (number of
operations under load) according to IEC 60947-4.

• Consider the application life time requirements.

Checking the compatibility of the motor and drive
Use asynchronous AC inductionmotor, permanentmagnet synchronousmotor or
ABB synchronous reluctance motor (SynRMmotors) with the drive. Multiple
induction motors can be connected to the drive at a time when using the scalar
motor control mode.

Make sure that the motor(s) and the drive are compatible according to the rating
table in the technical data.
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Selecting the power cables

￭ General guidelines

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

• Current: Select a cable capable of carrying the maximum load current and
suitable for the prospective short-circuit current provided by the supply
network. Themethodof 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
(158 °F) maximum permissible temperature of conductor in continuous use.
For North America, select a cable rated for at least 75 °C (167 °F).
Important: For certain product types or option configurations higher
temperature rating may be required. See the technical data for details.

• Voltage: 600 V AC cable is accepted for up to 500 V AC. 750 V AC 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 CE mark, use one of the preferred
cable types. See Preferred power cable types (page 48).

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.

￭ Typical power cable sizes

See the technical data.
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￭ Power cable types

Preferred power cable types

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

Use as motor cabling and as
brake resistor cabling

Use as input power cablingCable type

YesYesPE

Symmetrical shielded (or ar-
mored) cable with three

phase conductors and con-
centric PE conductor as

shield (or armor)

YesYesPE

Symmetrical shielded (or ar-
mored) cable with three

phase conductors and sym-
metrically constructed PE
conductor and a shield (or

armor)

YesYes

PE

Symmetrical shielded (or ar-
mored) cable with three
phase conductors and a

shield (or armor), and separ-
ate PE conductor/cable 1)

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

Use as motor cabling and as
brake resistor cabling

Use as input power cablingCable type

Yes with phase conductor
smaller than 10mm2 (8AWG)
Cu, or motors up to 30 kW
(40 hp).

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

Note: Shielded or armored
cable, or cabling in metal
conduit is always recommen-
ded to minimize radio fre-
quency interference.

Four-conductor cable in
plastic jacket (three phase

conductors and PE)

Yes with phase conductor
smaller than 10mm2 (8AWG)
Cu, or motors up to 30 kW
(40 hp)

Yes

Four-conductor armored
cable (three phase conduct-

ors and PE)

Yeswithmotorsup to 100kW
(135hp). A potential equaliza-
tion between the frames of
motor and driven equipment
is required.

Yes

Shielded (Al/Cu shield or ar-
mor) 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, whichmust 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
ampleand theshieldhelixmusthavea lowgradient. Agalvanizedsteel shieldhasabetter high-frequency
conductivity than a non-galvanized steel shield.
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Not allowed power cable types

Use asmotor cabling and as
brake resistor cabling

Use as input power cablingCable type

NoNoPE

Symmetrical shielded cable
with individual shields for
each phase conductor

￭ Additional guidelines – North America

ABB recommends the use of metallic conduit for power wiring. ABB also
recommends the use of symmetrical shielded VFD cable between drive and
motor(s).

This table shows examples ofmethods forwiring thedrive. Refer toNFPA 70 (NEC)
alongwith state and local codes for the appropriatemethods for your application.

NotesWiring method

Conduit - Metallic 1) 2)

Prefer symmetrical shielded VFD cable.Electrical metallic tubing: Type EMT

Use separate conduit run for each motor.Rigid metal conduit: Type RMC

Do not run input power wiring and motor
wiring in the same conduit.

Liquid-tight flexible metal electrical conduit:
Type LFMC

Conduit - Non-metallic 2) 3)

Prefer symmetrical shielded VFD cable.

Liquid-tight flexible non-metallic conduit:
Type LFNC

Use separate conduit run for each motor.

Do not run input power wiring and motor
wiring in the same conduit.

Wireways 2)

Prefer symmetrical shielded VFD cable.

Metallic

Separate motor wiring from input power
wiring and other low voltage wiring.

Donot runoutputs ofmultiple drives parallel.
Bundle each cable (wiring) together and use
separators where possible.
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NotesWiring method

Free air 2)

Prefer symmetrical shielded VFD cable.
Enclosures, air handlers, etc. Allowed internally in enclosures when in ac-

cordance with UL.

1) Metallic conduit may be used as an additional ground path, provided this path is a solid path capable
of handling ground currents.

2) See NFPA NFPA 70 (NEC), UL, and local codes for your application.
3) Non-metallic conduit use underground is allowed; however, these installations inherently have an

increased chance for nuisance problems due to the potential for water/moisture in the conduit.
Water/moisture in the conduit increases the likelihood of VFD faults or warnings. Proper installation
is required to make sure there is no intrusion of water/moisture.

Metal conduit

Couple separateparts of ametal conduit together: bridge the jointswith aground
conductor bonded to the conduit on each side of the joint. Also bond the conduits
to the drive enclosure and motor frame. Use separate conduits for input power,
motor, brake resistor, and controlwiring. Donot runmotorwiring frommore than
one drive in the same conduit.

￭ 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 conductivitymustbeat least 1/10of thephase 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 copper wires with an open helix of copper tape or copper
wire. 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 conductormust agreewith the conditions that require automatic
disconnection of the supply required in 411.3.2 of IEC 60364-4-41:2005 and be
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.

The table shows the minimum cross-sectional area of the protective earth
conductor related to the phase conductor size according to IEC/UL 61800-5-1
when the phase conductor(s) and the protective earth conductor aremade of the
samemetal. If they are differentmetals, the cross-sectional area of the protective
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earth conductor must be determined in a manner which produces a conductance
equivalent to that which results from the application of this table.

Minimumcross-sectional areaof thecorres-
ponding protective earth conductor

Sp (mm2)

Cross-sectional area of the phase conduct-
ors

S (mm2)

S 1)S ≤ 16

1616 < S ≤ 35

S/235 < S

1) For theminimumconductor 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 conductor must be the last conductor
to be interrupted if there is a failure in the strain relief mechanism.

￭ Additional grounding requirements – IEC

Thissectiongivesgrounding requirementsaccordingtostandard IEC/EN61800-5-1.

Because the normal touch current of the drive ismore than 3.5mAACor 10mADC:

• the minimum size of the protective earth conductor must comply with the
local safety regulations for highprotective 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.
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If the protective earth conductor is routed through a plug and socket, or similar
means of disconnection, it must not be possible to disconnect it unless power is
simultaneously removed.

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

￭ Additional grounding requirements – UL (NEC)

This section gives grounding requirements according to standard UL 61800-5-1.

The protective earth conductor must be sized as specified in Article 250.122 and
table 250.122 of the National Electric Code, ANSI/NFPA 70.

For cord-connectedequipment, itmustnotbepossible todisconnect theprotective
earth conductor before power is removed.

Selecting the control cables

￭ Shielding

Only use shielded control cables.

Use adouble-shielded twistedpair 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.

￭ 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.
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￭ 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

Use EIA-485, Cat 5e (or better) cable with male RJ-45 connectors. The maximum
length of the cable is 100 m (328 ft).

￭ PC tool cable

Connect the Drive Composer PC tool to the drive through the USB port of the
control panel. Use a USB Type A (PC) - Type Mini-B (control panel) cable. The
maximum length of the cable is 3 m (9.8 ft).

Routing the cables

￭ General guidelines – IEC

• Route themotor cable away from other cables. Motor cables of several drives
can be run in parallel installed next to each other.

• Install themotor 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 guidelineswith an example drive.

Note:Whenmotor cable is symmetrical and shielded and it has short parallel runs
with other cables (< 1.5 m / 5 ft), distances between the motor cable and other
cables can be reduced by half.
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min. 300 mm (12 in)

min. 300 mm (12 in) min. 500 mm (20 in)

min. 500 mm (20 in)
min. 200 mm (8 in)

90°

1

2 4

4

3
2

1

3
2

3

Motor cable1

Input power cable2

Control cable3

Brake resistor or chopper cable (if any)4

￭ General guidelines – North America

Make sure that the installation is in accordancewith national and local codes.Obey
these general guidelines:

• Use separate conduits for the input power, motor, brake resistor (optional),
and control cabling.

• Use separate conduit for each motor cabling.

The following figure illustrates the cable routing guidelineswith an example drive.
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1 1 1

1
3 3

3
3

3

3
2

2
2

2

Input power cabling1

Motor cabling2

Conduit3

￭ Continuous motor cable shield/conduit and metal enclosure for
equipment on the motor cable

Tominimize theemission levelwhensafety switches, contactors, connectionboxes
or similar equipment are installed on the motor cable between the drive and the
motor:

• Install the equipment in a metal enclosure.

• Use either a symmetrical shielded cable, or install the cabling in ametal 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 24 V DC and 230 V AC (120 V AC) control cables in separate ducts, unless the
24 V DC 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 overloadprotection

￭ Protecting the drive and input power cable in short-circuits

Use the fuses specified for the drive in the technical data. Make sure that also the
electric power supply network meets the specification (minimum allowed
short-circuit current that the fuse selection is based on).

The fuses restrict drive damage and prevent damage to adjoining equipment in
case of a short-circuit inside the drive.When located at the distribution board, the
fuses also protect the input power cable against short circuits.

See the drive technical data for alternative short-circuit protections.

￭ Protecting the motor and motor cable in short-circuits

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

• the motor cable is sized correctly

• the motor cable type complies with the motor cable selection guidelines by
ABB

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

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

The electronic power output short-circuit protection circuitry meets the
requirements of IEC 60364-4-41 2005/AMD1.
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￭ Protecting the drive, and the input power and motor cables against
thermal overload

If the cables have the correct size for the nominal current, the drive protects itself
and the input and motor cables against thermal overload. No additional thermal
protection devices are needed.

WARNING!
If the drive is connected to multiple motors, use a separate motor thermal
overloaddevice for protecting eachmotor cable andmotor against overload.
The drive overload protection is for the sum of the total motor load. It may
not trip due to an overload in one motor.

￭ Protecting the motor against thermal overload

According to regulations, the motor must be protected against thermal overload
and the currentmust be switchedoffwhenoverload is detected. Thedrive includes
amotor thermal protection function that protects themotor and switches off the
currentwhennecessary. Dependingon adrive parameter value, the function either
monitors a calculated temperature value (based on amotor 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 thermal model further by feeding in
additional motor and load data.

The most common temperature sensor types are PTC or Pt100.

For more information, see the firmware manual.

￭ Protecting the motor against overload without thermal model or
temperature sensors

Motor overload protection protects the motor against overload without using
motor thermal model or temperature sensors.

Motoroverloadprotection is requiredandspecifiedbymultiple standards including
the US National Electric Code (NEC) and the common UL/IEC 61800-5-1 standard
in conjunction with UL/IEC 60947-4-1. The standards allow for motor overload
protection without external temperature sensors.

Theprotection feature of the drive allows the user to specify the class of operation
in the same manner as the overload relays are specified in standards
UL/IEC 60947-4-1 and NEMA ICS 2.

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

For more information, see drive firmware manual.
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Implementing a motor temperature sensor connection

WARNING!
IEC 61800-5-1 requires double or reinforced insulation between 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 requirement when you plan the connection of the motor
temperature sensor to the drive.

You have these implementation alternatives:

1. If there is double or reinforced insulationbetween the sensor and the live parts
of themotor: You can connect the sensor directly to the analog/digital input(s)
of the drive. See 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 themotor,
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.

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. See the firmware manual for more
information.

￭ Residual current device compatibility

The drive is suitable for use with residual current devices of Type B.

Note: As standard, the drive contains capacitors connected between the main
circuit and the frame. These capacitors and longmotor cables increase theground
leakage current and may cause nuisance faults in residual current devices.

Implementing the Emergency stop function
For safety reasons, install the emergency stop devices at each operator control
station and at other operating stations where emergency stop may be needed.
Design the emergency stop according to the applicable standards.
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You can use the Safe torque off function of the drive to implement the Emergency
stop function.

Note:Pressing the stop (off) keyon the control panel of thedrivedoesnotgenerate
an emergency stop of the motor or separate the drive from dangerous potential.

Implementing the Safe torque off function
See chapter The Safe torque off function (page 227).

Using a safety switch between the drive and the motor
ABB recommends to install a safety switchbetween thepermanentmagnetmotor
and the drive output. The switch is needed to isolate the motor from the drive
during maintenance work on the drive.

Implementing the control of a contactor between drive and
motor
Implementing the control of the output contactor depends on the motor control
mode and stopping method selected.

When you select the vector motor control mode and the motor ramp stop mode,
use this operation sequence to open the contactor:

1. Give a stop command to the drive.

2. Wait until the drive decelerates the motor to zero speed.

3. Open the contactor.

WARNING!
If vector motor control mode is in use, do not open the output contactor
while the drive controls the motor. The motor control operates faster than
the contactor, and tries tomaintain the load current. This can causedamage
to the contactor.

When you select the vector motor control mode and the motor coast stop mode,
you can open the contactor immediately after the drive has received the stop
command. This is the case also if you use the scalar motor control mode.

Protecting the contacts of relay outputs
Inductive loads (relays, contactors,motors) causevoltage transientswhenswitched
off.

It is highly recommended that inductive loads are equippedwith noise attenuating
circuits (varistors, RC filters [AC] or diodes [DC]) tominimize the EMC emission at
switch-off. If not suppressed, the disturbances can connect capacitively or
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inductively to other conductors in the control cable and form a risk ofmalfunction
in other parts of the system.

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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Electrical installation – IEC

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.

Required tools
To do the electrical installation, you need the following tools:

• wire stripper

• screwdriver or wrench with a set of suitable bits. For motor cable terminals,
the recommended screwdriver shaft length is 150 mm (5.9 in).

• short flat head screwdriver for the I/O terminals

• torque wrench

• multimeter and voltage detector

• personal protective equipment.

6
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Measuring the insulation resistance - IEC

￭ Measuring the insulation resistance of the drive

WARNING!
Do not do voltage withstand 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 you connect the input power cable to the drive, 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 can occur. If you are not a qualified electrical
professional, do not do installation, commissioning or maintenance work.

1. Do the steps in section Electrical safety precautions (page 18) before you start
the work.

2. Makesure that themotor cable isdisconnected fromthedriveoutput terminals.

3. Measure the insulation resistance between each phase conductor and the
protective earth conductor. Use a measuring voltage of 1000 V DC. The
insulation resistanceof anABBmotormustbemore than 100Mohm(reference
value at 25 °C [77 °F]). For the insulation resistance of other motors, refer to
the manufacturer’s instructions.

Note:Moisture inside themotor 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
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￭ Measuring the insulation resistance of the brake resistor circuit

WARNING!
Obey the safety instructions of the drive. 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, commissioning or maintenance work.

1. Stop the drive and do the steps in section Electrical safety
precautions (page 18) before you start the work.

2. Make sure that the resistor cable is connected to the resistor anddisconnected
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 conductorwith ameasuring voltageof 1000VDC. The insulation resistance
must be more than 1 Mohm.

R-

R+

ohm

PE

1000 V DC,
> 1 Mohm

Grounding system compatibility check – IEC
This section is applicable to the IEC drive types.

￭ EMC filter

The drive has an internal EMC filter as standard. You can install a drive that has
the internal EMC filter connected to a symmetrically grounded TN-S system
(center-groundedwye). For other systems, refer toCompatibility of EMC filter and
ground-to-phase varistor with the grounding system (page 66).

Note: If you disconnect the EMC filter, the electromagnetic compatibility of the
drive decreases.
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WARNING!
Do not install a drive with the internal EMC filter connected to a grounding
system that the EMC filter is not compatiblewith (for example, an IT system).
The supply network becomes connected to ground potential through the
internal EMC filter capacitors, which can cause danger or damage to the
drive.

￭ Ground-to-phase varistor

Thedrive has aground-to-phase varistor circuit as standard. You can install a drive
that has the varistor circuit connected to a symmetrically grounded TN-S system
(center-groundedwye). For other systems, refer toCompatibility of EMC filter and
ground-to-phase varistor with the grounding system (page 66). In some product
variants, the varistor circuit is disconnected at the factory.

WARNING!
Do not install the drive with the ground-to-phase varistor connected to a
system that the varistor is not suitable for. It can cause damage to the
varistor circuit.

￭ Compatibility of EMC filter and ground-to-phase varistor with the
grounding system

WARNING!
If you do not obey these instructions, injury to personnel or damage to the
drive can occur.

A metal EMC screw is used to connect the internal EMC filter, and a metal VAR
screw is used to connect the ground-to-phase varistor. The screws are installed
at the factory. Thematerial of the screws (plastic ormetal) dependson theproduct
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variant. Before you connect the drive to the input power, examine the screws and
do the necessary actions shown in the table.

When to remove EMC screw or VAR screwScrew materialScrew
label

IT systems (un-
grounded or high-
resistance groun-

ded) (C)

Corner-grounded
delta (B1), mid-
point-grounded
delta (B2) and
TT (D) systems

Symmetrically
groundedTN-Ssys-
tems, i.e, center-
grounded wye (A)

RemoveRemoveDo not removeMetalEMC

Do not removeDo not removeDo not remove 1)Plastic

RemoveDo not removeDo not removeMetalVAR

Do not removeDo not removeDo not removePlastic

A B1

B2A

C

D

L1

L2

L3

N

PE

L1

L2
L3
PE

L1

L2
L3

L1

L2

L3
N
PE

L1

L2
L3
PE

L1

L2
L3

N

1) Can install the metal screw included in the drive delivery to connect the internal EMC filter.

For the locations of the screws, refer to Disconnecting the EMC filter or
ground-to-phase varistor (page 68).
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￭ Disconnecting the EMC filter or ground-to-phase varistor

Before you continue, refer to Compatibility of EMC filter and ground-to-phase
varistor with the grounding system (page 66).

• To disconnect the EMC filter, remove the metal EMC screw.

• To disconnect the ground-to-phase varistor, remove the metal VAR screw.

EMC/VAR screw location

Frames R0…R2

Frame R4Frame R3
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￭ Guidelines for installing the drive to a TT system

You can install the drive to a TT system under these conditions:

1. There is a residual current device in the supply system

2. The internal EMC filter is disconnected. If the EMC filter is not disconnected,
its leakage current will cause the residual current device to trip.

Note:

• ABBdoesnotguarantee theEMCperformance, because the internal EMC filter
is disconnected.

• 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 real reason.

￭ Identifying the grounding system of the electrical power network

WARNING!
Only a qualified electrical professional may do the work instructed in this
section.Dependingon the installation site, theworkmayevenbe 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.

To identify the grounding system, examine the supply transformer connection.
See 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).
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The table below shows 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-groundeddelta system(nonsym-
metrical)01.0·X1.0·XX

Midpoint-grounded delta system (non-
symmetrical)0.5·X0.5·X0.866·XX

IT systems (ungrounded or high-resist-
ance-grounded [>30ohms])nonsymmet-
rical

Varying level
versus time

Varying level
versus time

Varying level
versus timeX

TT system (the protective earth connec-
tion for the consumer is provided by a
local earth electrode, and there is anoth-
er independently installed at the gener-
ator)

Varying level
versus time

Varying level
versus time

Varying level
versus timeX
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Connecting the power cables – IEC (shielded cables)

￭ Connection diagram

PE

PE

L1 L2 L3 R-
R+

UDC+ UDC-

U1 W1
M PE

3

T1/
U

T2/
V

T3/
W

V1

2

3

4

5 6
7

8

9

8

L1 L2 L3
(L) (N)

1

Drive1

Disconnecting device2

Input power cable3

Two protective earth (ground) conductors. Drive safety standard IEC/EN 61800-5-1
requires two PE conductors for a fixed connection, if the cross-sectional area of the
PE conductor is less than 10mm2Cu or 16mm2Al. For example, you can use the cable
shield in addition to the fourth conductor.

4

Separate PE cable (line side). Use a separategrounding cable or a cablewith a separate
PE conductor for the line side, if the conductivity of the fourth conductor or shield
does not meet the requirements for the PE conductor.

5

Motor cable

Note:ABB recommends to use a symmetrical shielded cable (VFD cable) as themotor
cable.

6

Separate PE cable (motor side). Use a separate grounding cable for the motor side,
if the conductivity of the shield is not sufficient, or if there is no symmetrically con-
structed PE conductor in the cable.

7

360-degree grounding of the cable shield. Required for the motor cable and brake
resistor cable (if used), recommended for the input power cable.

8

Brake resistor (optional)9
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￭ Connection procedure

WARNING!
Obey the safety instructions of the drive. 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, commissioning or maintenance work.

Refer to Terminal data for the power cables (page 163) for the tightening torques.

1. Do the steps in section Electrical safety precautions (page 18) before you start
the work.

2. Remove the screw on the drive front cover and lift the front cover up.

3. Attach the residual voltage warning sticker in the local language to the drive.

4. Strip the motor cable.

5. Ground the motor cable shield under the grounding clamp for 360-degree
grounding.

6. Twist themotor cable shield into abundle,mark itwith yellow-green insulation
tape, install a cable lug, and connect it to the grounding terminal.
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7. Connect the phase conductors of themotor cable to terminals T1/U, T2/V and
T3/W.

8. If you use a brake resistor, connect the brake resistor cable to terminals R-
and UDC+. Use shielded cable and ground the shield under the grounding
clamp for 360-degree grounding.

9. Make sure that the R- and UDC+ terminal screws are tightened. Do this step
also if you do not connect cables to the terminals.

10. Strip the input power cable.

11. If the input power cable has a shield, ground the shield under the clamp for
360-degree grounding. Twist the shield also into a bundle, mark it with
yellow-green insulation tape, install a cable lug, and connect it to thegrounding
terminal.

12. Connect the protective earth (ground) conductor(s) of the input power cable
to the grounding terminal.

13. Connect thephase conductorsof the inputpower cable to thedrive as follows:
• 1-phase drives: connect the phase and neutral conductors to terminals L1

and L2. For example, connect phase to L1 and neutral to L2.
• 3-phase drives: connect the phase conductors to terminals L1, L2, and L3.

14. Mechanically attach all of the cables on the outside of the drive.
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Connecting the control cables - IEC
Before you connect the control cables, make sure that all option modules are
installed.

￭ Default I/O connection diagrams (HVAC default)

The connection diagrams below are applicable to the standard drive variant with
the RIIO-01 I/O & EIA-485 module.

2)DescriptionTerminal1)Connection

Analog inputs and outputs

Signal cable shield (screen)SCR1

SCR
AI1

AGND
+10 V

AI2
AGND
AO1
AO2

AGND

1…10 kohm

Max. 500 ohm

Output frequency: 0 … 10 VAI12

Analog input circuit commonAGND3

Reference voltage 10 V DC+10V4

Not configuredAI25

Analog input circuit commonAGND6

Output frequency: 0 … 20 mAAO17

Motor current: 0 … 20 mAAO28

Analog output circuit commonAGND9

Digital inputs and auxiliary voltage output

×Aux. voltage output +24 V DC, max. 250 mA3)+24V10

+24 V
DGND
DCOM

DI1
DI2
DI3
DI4
DI5
DI6

+24 V
DGND
DCOM

DI1
DI2
DI3
DI4
DI5
DI6

×Aux. voltage output commonDGND11

×Digital input common for allDCOM12

×Stop (0) / Start (1)DI113

×Not configuredDI214

Constant output frequency selection4)DI315

Start interlock 1 (1 = allow start)DI416

Not configuredDI517

Not configuredDI618
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2)DescriptionTerminal1)Connection

Relay outputs

Aux. voltage output +24 V DC, max. 250 mA
3)+24V10

RO2C
RO2A
RO2B
RO3C
RO3A
RO3B

RO1C
RO1A
RO1B

+24 V
DGND
DCOM

+24 V
DGND
DCOM

Aux. voltage output commonDGND11

Digital input common for allDCOM12

×Damper control
250 V AC / 30 V DC, 2 A

CommonRO1C19

×Norm. closedRO1A20

×Norm. openRO1B21

Running
250 V AC / 30 V DC, 2 A

CommonRO2C22

Norm. closedRO2A23

Norm. openRO2B24

Fault (-1)CommonRO3C25

250 V AC / 30 V DC, 2 ANorm. closedRO3A26

Norm. openRO3B27

Embedded EIA-485

Embedded fieldbus (EIA-485)B+29
B+
A-

DGND
A-30

DGND31

Termination switch. ON = on. 1 = off.TERMS100

Safe torque off

×Safe torque off. Factory connection. Both cir-
cuits must be closed for the drive to start.

SGND34

OUT1

SGND
IN1
IN2

×IN135

×IN236

×OUT137

Auxiliary voltage input/output

Aux. voltage output +24 V DC, max. 250 mA
3)+24V42

+24 V
DGND
DCOM

Aux. voltage output commonDGND43

Digital input common for allDCOM44

1) Terminal size: 0.14 … 1.5 mm2 (26 … 16 AWG) Tightening torque: 0.5 … 0.6 N·m (4.4 … 5.3 lbf·in)
2) × = base unit, empty = RIIO-01 module
3) The sumoutput current from 24 V terminals of base unit and RIIO-01modulemust not exceed 250mA.
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4) Drive output frequency:
Operation/ParameterDI4DI3

Set output frequency through AI100

28.26 Constant frequency 101

28.27 Constant frequency 210

28.28 Constant frequency 311

￭ Default fieldbus connection diagram

The connection diagrams are applicable to the base unit with an optional fieldbus
adapter module.

2)DescriptionTerminal1)Connection

Auxiliary voltage output and digital inputs

×Aux. voltage output +24 V DC, max. 250 mA+24V10
+24 V
DGND
DCOM

DI1
DI2

+24 V
DGND
DCOM

DI1
DI2

×Aux. voltage output commonDGND11

×Digital input common for allDCOM12

×Stop (0) / Start (1)DI113

×Not configuredDI214

Relay outputs

×Aux. voltage output +24 V DC, max. 250 mA+24V10

RO1C
RO1A
RO1B

+24 V
DGND
DCOM

×Aux. voltage output commonDGND11

×Digital input common for allDCOM12

×Damper control
250 V AC / 30 V DC, 2 A

CommonRO1C19

×Norm.
closed

RO1A20

×Norm. openRO1B21

Safe torque off

×Safe torque off. Factory connection. Both cir-
cuits must be closed for the drive to start.

SGND34

OUT1

SGND
IN1
IN2

×IN135

×IN236

×OUT137
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2)DescriptionTerminal1)Connection

Fieldbus connection

+K457 FCAN-01 CANopenDSUB9

See the applicable
fieldbus adapter

manual.

+K454 FPBA-01 Profibus DPDSUB9

+K465 FBIP-21 BACnet/IPRJ45×2

+K469 FECA-01 EtherCATRJ45×2

+K475 FENA-21 Ethernet/IP, Profinet, Modbus
TCP

RJ45×2

+K470 FEPL-02 Ethernet PowerlinkRJ45×2

+K451 FDNA-01 DeviceNetTerminal
block

+K458 FSCA-01 RS-485Terminal
block

+K462 FCNA-01 ControlNet8P8C×2

+K491FMBT-21Two-portModbus/TCPadapterRJ45×2

+K492 FPNO-21 Two-port Profinet IO adapterRJ45×2

1) Terminal size: 0.14 … 1.5 mm2 (26 … 16 AWG) Tightening torque: 0.5 … 0.6 N·m (4.4 … 5.3 lbf·in)
2) × = base unit, empty = fieldbus module

￭ Control cable connection procedure

Keep the signal wire pairs twisted as near to the terminals as possible to prevent
inductive coupling.

WARNING!
Obey the safety instructions of the drive. 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, commissioning or maintenance work.

1. Do the steps in section Electrical safety precautions (page 18) before you start
the work.

2. Remove the screw on the drive front cover and lift the front cover up.

3. Strip a part of the outer shield of the control cable for grounding.

4. Use a cable tie to ground the outer shield to the grounding tab. For 360°
grounding, use metallic cable ties.

5. Strip the control cable conductors.

6. Connect the conductors to the correct control terminals. Torque the terminal
connections to 0.5 … 0.6 N·m (4.4 … 5.3 lbf·in).
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7. Connect the shields and grounding wires to the SCR terminal. Torque the
terminal connection to 0.5 … 0.6 N·m (4.4 … 5.3 lbf·in).

8. Mechanically attach the control cables on the outside of the drive.

￭ Additional information on the control connections

Embedded EIA-485 fieldbus connection

The EIA-485 network uses shielded, twisted-pair cable with a characteristic
impedance of 100…130 ohm for data signaling. The distributed capacitance
between conductors is less than 100 pF per meter (30 pF per foot). Distributed
capacitance between conductors and shield is less than 200 pF per meter (60 pF
per foot). Foil or braided shields are acceptable.

Connect the cable to the EIA-485 terminal on the RIIO-01 I/O module. 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.
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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

ON

1

ON

1

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

Without signal ground reference terminal

G - +

B+ A-

D
G

N
D

1 2

B+ A-

D
G

N
D

2

B+ A-

D
G

N
D

2

100 ohm

3 3 3

ON

1

ON

1

ON

1

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
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PNP configuration for digital inputs

Internal andexternal +24Vpowersupply connections forPNP (source) configuration
are shown in the figures below.

External +24Vpower supply (withBAPO-01)Internal +24 V power supply

0 V DC

+24 V DC DI1
DI2
DI3
DI4
DI5
DI6

+24 V
DGND
DCOM

DI1
DI2
DI3
DI4
DI5
DI6

+24 V
DGND
DCOM

NPN configuration for digital inputs

Internal and external +24Vpower supply connections forNPN (sink) configuration
are shown in the figures below.

External +24Vpower supply (withBAPO-01)Internal +24 V power supply

0 V DC

+24 V DC

DI1
DI2
DI3
DI4
DI5
DI6

+24 V
DGND
DCOM

DI1
DI2
DI3
DI4
DI5
DI6

+24 V
DGND
DCOM
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Connection for obtaining 0… 10 V from analog output 2 (AO2)

To obtain 0 … 10 V from analog output AO2, connect a 500 ohm resistor (or two
1 kohm resistors in parallel) between AO2 and AGND. Examples are shown in the
figure below.

AO2

AGND
500 ohm

0…
10

 V AO2

AGND
1 kohm

0…
10

 V

1 kohm

Analog output 2. Default output 0 … 20 mA.AO2

Analog common ground.AGND

Connection examples of two-wire and three-wire sensors

The figures give examples of connections for a two-wire or three-wire
sensor/transmitter that is supplied by the auxiliary voltage output of the drive.

P

I

-

+

4…20 mA AI2
AGND

+24V
DGND

Process actual value measurement or reference, 0(4) … 20 mA, Rin = 137 ohm. If
the sensor power supply comes through its current output circuit, use 4… 20mA
signal, not 0 … 20 mA.

AI2

AGND

Auxiliary voltage output, non-isolated, +24 V DC, max. 250 mA+24V

DGND

P

I
-

+

OUT (0)4…20 mA AI2
AGND

+24V
DGND

Process actual value measurement or reference, 0(4)…20 mA, Rin = 137 ohmAI2

AGND

Auxiliary voltage output, non-isolated, +24 V DC, max. 250 mA+24V

DGND
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AI and AO (or AI, DI and +10 V) as PTC motor temperature sensor interface

WARNING!
IEC 61800-5-1 requires double or reinforced insulation between 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 requirement when you plan the connection of the motor
temperature sensor to the drive.

To comply with the drive safety standard IEC 61800-5-1:

If themotor temperature sensor has double or reinforced insulation vs. themotor
windings, you can connect it directly to the drive IO interface. This section shows
two connection alternatives for the direct I/O connection. If the sensor does not
have reinforced insulation, you must use another type of connection to comply
with the safety standard. See Implementing a motor temperature sensor
connection (page 60).

See the firmwaremanual for information on the relatedMotor thermal protection
function, and the required parameter settings.

PTC connection 1

1…3 PTC sensors can be connected in series to an analog input and an analog
output.Make sure that the voltagedoes not exceed themaximumallowed voltage
over the sensor. The analog output feeds a constant excitation current of 1.6 mA
through the sensor. The sensor resistance increases as the motor temperature
rises, as does the voltageover the sensor. The temperaturemeasurement function
calculates the resistance of the sensor and generates an indication if
overtemperature isdetected. Leave thesensor endof the cable shieldunconnected.
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T T T

AI
AGND

AO
AGND

2

1
5

4

3

Motor winding1

Double or reinforced insulation2

1…3 PTC sensors3

Analog input. Set the analog input type to V (volt) in parameter group 12 Standard AI.
Define the temperature sensor type, signal source, etc. with parameters 35.11…35.24.
For the sensor type, select: PTC analog I/O.

4

Analog output. Select the Excitation mode for the analog output in parameter group
13 Standard AO.

5

PTC connection 2

If noanalogoutput is available for thePTCconnection, it is possible tousea voltage
divider connection. Make sure that the voltage does not exceed the maximum
allowed voltage over the sensor. 1…3 PTC sensors are connected in series with
10 V reference and digital and analog inputs. The voltage over the digital input
internal resistance varies depending on the PTC resistance. The temperature
measurement function reads the digital input voltage through the analog input
and calculates the PTC resistance.
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T T T

DI
AI

+10 V

DGND
DCOM

2
3

5

4

1

1…3 PTC sensors1

Double or reinforced insulation2

Motor winding3

Digital input and analog input. Set the analog input type to V (volt) in parameter group
12 StandardAI. Define the temperature sensor type, signal source, etc.with parameters
35.11…35.24. For the sensor type, select: PTC AI/DI Voltage Divider tree. Make sure that
the digital input is not configured to any other use by parameters.

4

10 V reference voltage5

AI1 and AI2 as Pt100, Pt1000, Ni1000, KTY83 and KTY84 sensor inputs

WARNING!
IEC 61800-5-1 requires double or reinforced insulation between 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 requirement when you plan the connection of the motor
temperature sensor to the drive.

To comply with the drive safety standard IEC 61800-5-1:

If themotor temperature sensor has double or reinforced insulation vs. themotor
windings, you can connect it directly to the drive IO interface. This section shows
the connection. If the sensor has no reinforced insulation, you must use another
type of connection to complywith the safety standard. See Implementing amotor
temperature sensor connection (page 60).

You can connect temperature measurement sensors (one, two or three Pt100
sensors; one, twoor threePt1000sensors; oroneNi1000,KTY83orKTY84)between
an analog input and output as shown below. Make sure that the voltage does not
exceed the maximum allowed voltage over the sensor. Leave the sensor end of
the cable shield unconnected.
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See the firmwaremanual for information on the relatedMotor thermal protection
function.

T T T

AI
AGND

AO
AGND

2

1
5

4

3

Motor winding1

Double or reinforced insulation2

1…3 × (Pt100 or Pt1000) or 1 × (Ni1000 or KTY83 or KTY84)3

Analog input. Set the analog input type to V (volt) in parameter group 12 Standard AI.
Define the temperature sensor type, signal source, etc. with parameters 35.11…35.24.
Set the analog input type to V (volt) in parameter group 12 Standard AI.

4

Analog output. Select the Excitation mode for the analog output in parameter group
13 Standard AO.

5

Safe torque off

For the drive to start, both STO connections (OUT1-IN1 and OUT1-IN2) must be
closed. By default, the terminal block has jumpers to close the circuit. Remove the
jumpers before connecting external Safe torque off circuitry to the drive. See
chapter The Safe torque off function.

Auxiliary voltage connection
The drive has 24 V DC (±10%) auxiliary power supply terminals both on the base
unit and on the RIIO-01 module. You can use them:

• to supply auxiliary power from the drive to external control circuits or option
modules

• to supply external auxiliary power to the drive to keep the control and cooling
in operation if there is a power outage.

See the technical data for the specifications for theauxiliarypower supply terminals
(input/output).

To supply power to external control circuits or option modules:

1. Connect the load either to the auxiliary power output on the base unit, or on
the RIIO-01 module (+24V and DGND terminals).

2. Make sure that you do not exceed the load capacity of the output, or the sum
load capacity of both outputs.
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To connect an external auxiliary power supply to the drive:

1. Install a BAPO-01 power extension module to the drive. See Installing
options (page 86).

2. Connect an external power supply to the+24VandDGNDterminals of thebase
unit.

For more information on the BAPO-01 module, see BAPO-01 auxiliary power
extension module (page 247).

RC
RA
RB

+24V
DGND

DCOM
SGND

S+

DI1
DI2

S1
S2

Connecting a PC
You can connect a PC to the drive. To communicate with the drive, the PC must
have suitable software (for example, Drive composer) installed.

If you have an assistant control panel (ACH-AP-H or ACH-AP-W), use a USB data
cable (Type A - Type Mini-B, maximum length 3 m [9.8 ft]) to connect to the PC.
Connect the cable as follows:

1. Open the USB connector cover on the control panel.

2. Connect the USB cable Mini-B plug to the control panel USB connector.

3. Connect the USB cable A plug to the USB port of the PC. The panel shows text
“USB connected”.

Note: You cannot use the control panel keys when the drive is connected to a PC.

If you have a RDUM-01 blank panel or CDPI-02 panel bus adapter installed, use a
BCBL-01 USB-RJ45 converter to connect to the PC.

It is also possible to use a CCA-01 configuration adapter when the drive is not
connected to the power supply network or to an external 24 V supply. The CCA-01
does not operate if the drive is powered.

Installing options
The drive has two option module slots:

• Front option: Communication module slot under the front cover.
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• Side option: Multifunction extension module slot on the side of the drive.

Refer also to theapplicable fieldbusmodulemanual for the installation instructions.
For other option modules, refer to:

• BREL-01 relay output extension module (page 257)

• BAPO-01 auxiliary power extension module (page 247)

• BIO-01 I/O extension module (page 251).

￭ Installing a front option

WARNING!
Obey the safety instructions of the drive. 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, commissioning or maintenance work.

1. Do the steps in section Electrical safety precautions (page 18) before you start
the work.

2. Remove the screw on the drive front cover and lift the front cover up.

3. If the option module has a locking tab, pull it up.

4. Carefully align the optionmodule with the optionmodule slot and push it into
position.

5. Torque the screw to 0.5 N·m (4.4 lbf·in).

6. If the option module has a locking tab, push it down until it locks.

7. Connect the control cables. See the control cable connection instructions.

22
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5

6
4

Note: If you have the BIO-01 option module, you can add one additional fieldbus
module on top of it.

￭ Installing a side option

WARNING!
Obey the safety instructions of the drive. 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, commissioning or maintenance work.

1. Do the steps in section Electrical safety precautions (page 18) before you start
the work.

2. Remove the two screws from the front-most grounding clamp at the bottom
of the drive.

3. Carefully align the side option with the connectors on the right side of the
drive.

4. Fully push the option module into position.

5. Torque the screw on the option module to 1 N·m (8.8 lbf·in).
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6. Attach the grounding bar to the bottom of the side option and to the front
ground tab on the drive. Torque the screws to 1 N·m (8.8 lbf·in).

7. Connect the control cables. See the control cable connection instructions.

5

6

7

2
3

4
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Electrical installation – North
America

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.

Required tools
To do the electrical installation, you need the following tools:

• wire stripper

• screwdriver or wrench with a set of suitable bits. For motor cable terminals,
the recommended screwdriver shaft length is 150 mm (5.9 in).

• short flat head screwdriver for the I/O terminals

• torque wrench

• multimeter and voltage detector

7
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• personal protective equipment.

Measuring the insulation resistance - North America

￭ Measuring the insulation resistance of the drive

WARNING!
Do not do voltage withstand 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 you connect the input power cable to the drive, 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 can occur. If you are not a qualified electrical
professional, do not do installation, commissioning or maintenance work.

1. Do the steps in section Electrical safety precautions (page 18) before you start
the work.

2. Makesure that themotor cable isdisconnected fromthedriveoutput terminals.

3. Measure the insulation resistance between each phase conductor and the
protective earth conductor. Use a measuring voltage of 1000 V DC. The
insulation resistanceof anABBmotormustbemore than 100Mohm(reference
value at 25 °C [77 °F]). For the insulation resistance of other motors, refer to
the manufacturer’s instructions.

Note:Moisture inside themotor 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
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￭ Measuring the insulation resistance of the brake resistor circuit

WARNING!
Obey the safety instructions of the drive. 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, commissioning or maintenance work.

1. Stop the drive and do the steps in section Electrical safety
precautions (page 18) before you start the work.

2. Make sure that the resistor cable is connected to the resistor anddisconnected
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 conductorwith ameasuring voltageof 1000VDC. The insulation resistance
must be more than 1 Mohm.

R-

R+

ohm

PE

1000 V DC,
> 1 Mohm

Grounding system compatibility check – North America
This section is applicable to the UL (NEC) drive types.

￭ EMC filter

The drive has an internal EMC filter as standard. In the UL (NEC) drive types, the
filter is disconnected by default. The filter is typically not necessary in North
American installations.

If you are concerned with EMC issues, and install the drive to a symmetrically
grounded TN-S system (center-grounded wye), you can connect the internal EMC
filter. See Disconnecting the ground-to-phase varistor, or connecting the EMC
filter (page 96).

Note:When the internal EMC filter is disconnected, the electromagnetic
compatibility of the drive is decreased.
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WARNING!
Do not install a drive with the internal EMC filter connected to a grounding
system that the EMC filter is not compatiblewith (for example, an IT system).
The supply network becomes connected to ground potential through the
internal EMC filter capacitors, which can cause danger or damage to the
drive.

￭ Ground-to-phase varistor

Thedrive has aground-to-phase varistor circuit as standard. You can install a drive
that has the varistor circuit connected to a symmetrically grounded TN-S system
(center-groundedwye). For other systems, refer toCompatibility of EMC filter and
ground-to-phase varistor with the grounding system (page 94). In some product
variants, the varistor circuit is disconnected at the factory.

WARNING!
Do not install the drive with the ground-to-phase varistor connected to a
system that the varistor is not suitable for. It can cause damage to the
varistor circuit.

￭ Compatibility of EMC filter and ground-to-phase varistor with the
grounding system

WARNING!
If you do not obey these instructions, injury to personnel or damage to the
drive can occur.

A metal EMC screw is used to connect the internal EMC filter, and a metal VAR
screw is used to connect the ground-to-phase varistor. The screws are installed
at the factory. Thematerial of the screws (plastic ormetal) dependson theproduct
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variant. Before you connect the drive to the input power, examine the screws and
do the necessary actions shown in the table.

When to remove EMC screw or VAR screwScrew materialScrew
label

IT systems (un-
grounded or high-
resistance groun-

ded) (C)

Corner-grounded
delta (B1), mid-
point-grounded
delta (B2) and
TT (D) systems

Symmetrically
groundedTN-Ssys-
tems, i.e, center-
grounded wye (A)

RemoveRemoveDo not removeMetalEMC

Do not removeDo not removeDo not remove 1)Plastic

RemoveDo not removeDo not removeMetalVAR

Do not removeDo not removeDo not removePlastic

A B1

B2A

C

D

L1

L2

L3

N

PE

L1

L2
L3
PE

L1

L2
L3

L1

L2

L3
N
PE

L1

L2
L3
PE

L1

L2
L3

N

1) Can install the metal screw included in the drive delivery to connect the internal EMC filter.

For the locations of the screws, refer to Disconnecting the ground-to-phase
varistor, or connecting the EMC filter (page 96).
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￭ Disconnecting the ground-to-phase varistor, or connecting the EMC
filter

Before you continue, refer to Compatibility of EMC filter and ground-to-phase
varistor with the grounding system (page 94).

• To disconnect the ground-to-phase varistor, remove the metal VAR screw.

• To connect the EMC filter, remove the plastic EMC screw, and replace it with
the metal screw included in the drive delivery.

EMC/VAR screw location

Frames R0…R2

Frame R4Frame R3
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￭ Guidelines for installing the drive to a TT system

You can install the drive to a TT system under these conditions:

1. There is a residual current device in the supply system

2. The internal EMC filter is disconnected. If the EMC filter is not disconnected,
its leakage current will cause the residual current device to trip.

Note:

• ABBdoesnotguarantee theEMCperformance, because the internal EMC filter
is disconnected.

• 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 real reason.

￭ Identifying the grounding system of the electrical power network

WARNING!
Only a qualified electrical professional may do the work instructed in this
section.Dependingon the installation site, theworkmayevenbe 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.

To identify the grounding system, examine the supply transformer connection.
See 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).
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The table below shows 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-groundeddelta system(nonsym-
metrical)01.0·X1.0·XX

Midpoint-grounded delta system (non-
symmetrical)0.5·X0.5·X0.866·XX

IT systems (ungrounded or high-resist-
ance-grounded [>30ohms])nonsymmet-
rical

Varying level
versus time

Varying level
versus time

Varying level
versus timeX

TT system (the protective earth connec-
tion for the consumer is provided by a
local earth electrode, and there is anoth-
er independently installed at the gener-
ator)

Varying level
versus time

Varying level
versus time

Varying level
versus timeX
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Connecting the power cables – North America (wiring in
conduits)
Use insulatedwires suitable for installation in electrical conduits. See theNational
Electric Code and local ordinances.

￭ Connection diagram

PE

PE

L1 L2 L3 R-
R+

UDC+ UDC-

U1 W1
PE

T1/
U

T2/
V

T3/
W

V1

1

2

3

4

5

6

7

PE

L1 L2 L3
(L) (N)

M
3

Drive1

Drive enclosure2

Supply disconnecting device and fuses3

Input power wiring4

Protective earth (ground) conductor(s)5

Motor wiring

Note:ABB recommends to use a symmetrical shielded cable (VFD cable) as themotor
cable.

6

Brake resistor (optional)7
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￭ Connection procedure

WARNING!
Obey the safety instructions of the drive. 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, commissioning or maintenance work.

Refer to Terminal data for the power cables (page 163) for the tightening torques.

1. Do the steps in section Electrical safety precautions (page 18) before you start
the work.

2. Install the conduits, and attach them to the cable entry plate of the enclosure
that the drive is installed in.

3. Make sure that the conduit is correctly grounded at the cable entry.

4. Strip the conductor ends and pull the conductors through the conduits.

5. Remove the screw on the drive front cover, then lift the front cover up.

6. Attach the residual voltage warning sticker in the local language to the drive.

7. Connect the protective earth (ground) conductor of the motor wiring to the
grounding terminal.
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8. Connect the phase conductors of the motor wiring to terminals T1/U, T2/V
and T3/W.

9. If you use a brake resistor, connect the brake resistor conductors to terminals
R- and UDC+.

10. Make sure that the R- and UDC+ terminal screws are tightened. Do this step
also if you do not connect cables to the terminals.

11. Connect the protective earth (ground) conductor(s) of the input powerwiring
to the grounding terminal.

12. Connect thephase conductorsof the inputpowerwiring to thedrive as follows:
• 1-phase drives: connect the phase and neutral conductors to terminals L1

and L2. For example, connect phase to L1 and neutral to L2.
• 3-phase drives: connect the phase conductors to terminals L1, L2, and L3.
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13. Connect the other ends of the conductors.

Connecting the control cables - North America
Before you connect the control cables, make sure that all option modules are
installed.

￭ Default I/O connection diagrams (HVAC default)

The connection diagrams below are applicable to the standard drive variant with
the RIIO-01 I/O & EIA-485 module.

2)DescriptionTerminal1)Connection

Analog inputs and outputs

Signal cable shield (screen)SCR1

SCR
AI1

AGND
+10 V

AI2
AGND
AO1
AO2

AGND

1…10 kohm

Max. 500 ohm

Output frequency: 0 … 10 VAI12

Analog input circuit commonAGND3

Reference voltage 10 V DC+10V4

Not configuredAI25

Analog input circuit commonAGND6

Output frequency: 0 … 20 mAAO17

Motor current: 0 … 20 mAAO28

Analog output circuit commonAGND9
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2)DescriptionTerminal1)Connection

Digital inputs and auxiliary voltage output

×Aux. voltage output +24 V DC, max. 250 mA3)+24V10

+24 V
DGND
DCOM

DI1
DI2
DI3
DI4
DI5
DI6

+24 V
DGND
DCOM

DI1
DI2
DI3
DI4
DI5
DI6

×Aux. voltage output commonDGND11

×Digital input common for allDCOM12

×Stop (0) / Start (1)DI113

×Not configuredDI214

Constant output frequency selection4)DI315

Start interlock 1 (1 = allow start)DI416

Not configuredDI517

Not configuredDI618

Relay outputs

Aux. voltage output +24 V DC, max. 250 mA
3)+24V10

RO2C
RO2A
RO2B
RO3C
RO3A
RO3B

RO1C
RO1A
RO1B

+24 V
DGND
DCOM

+24 V
DGND
DCOM

Aux. voltage output commonDGND11

Digital input common for allDCOM12

×Damper control
250 V AC / 30 V DC, 2 A

CommonRO1C19

×Norm. closedRO1A20

×Norm. openRO1B21

Running
250 V AC / 30 V DC, 2 A

CommonRO2C22

Norm. closedRO2A23

Norm. openRO2B24

Fault (-1)CommonRO3C25

250 V AC / 30 V DC, 2 ANorm. closedRO3A26

Norm. openRO3B27

Embedded EIA-485

Embedded fieldbus (EIA-485)B+29
B+
A-

DGND
A-30

DGND31

Termination switch. ON = on. 1 = off.TERMS100
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2)DescriptionTerminal1)Connection

Safe torque off

×Safe torque off. Factory connection. Both cir-
cuits must be closed for the drive to start.

SGND34

OUT1

SGND
IN1
IN2

×IN135

×IN236

×OUT137

Auxiliary voltage input/output

Aux. voltage output +24 V DC, max. 250 mA
3)+24V42

+24 V
DGND
DCOM

Aux. voltage output commonDGND43

Digital input common for allDCOM44

1) Terminal size: 0.14 … 1.5 mm2 (26 … 16 AWG) Tightening torque: 0.5 … 0.6 N·m (4.4 … 5.3 lbf·in)
2) × = base unit, empty = RIIO-01 module
3) The sumoutput current from 24 V terminals of base unit and RIIO-01modulemust not exceed 250mA.
4) Drive output frequency:

Operation/ParameterDI4DI3

Set output frequency through AI100

28.26 Constant frequency 101

28.27 Constant frequency 210

28.28 Constant frequency 311

￭ Default fieldbus connection diagram

The connection diagrams are applicable to the base unit with an optional fieldbus
adapter module.

2)DescriptionTerminal1)Connection

Auxiliary voltage output and digital inputs

×Aux. voltage output +24 V DC, max. 250 mA+24V10
+24 V
DGND
DCOM

DI1
DI2

+24 V
DGND
DCOM

DI1
DI2

×Aux. voltage output commonDGND11

×Digital input common for allDCOM12

×Stop (0) / Start (1)DI113

×Not configuredDI214
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2)DescriptionTerminal1)Connection

Relay outputs

×Aux. voltage output +24 V DC, max. 250 mA+24V10

RO1C
RO1A
RO1B

+24 V
DGND
DCOM

×Aux. voltage output commonDGND11

×Digital input common for allDCOM12

×Damper control
250 V AC / 30 V DC, 2 A

CommonRO1C19

×Norm.
closed

RO1A20

×Norm. openRO1B21

Safe torque off

×Safe torque off. Factory connection. Both cir-
cuits must be closed for the drive to start.

SGND34

OUT1

SGND
IN1
IN2

×IN135

×IN236

×OUT137

Fieldbus connection

+K457 FCAN-01 CANopenDSUB9

See the applicable
fieldbus adapter

manual.

+K454 FPBA-01 Profibus DPDSUB9

+K465 FBIP-21 BACnet/IPRJ45×2

+K469 FECA-01 EtherCATRJ45×2

+K475 FENA-21 Ethernet/IP, Profinet, Modbus
TCP

RJ45×2

+K470 FEPL-02 Ethernet PowerlinkRJ45×2

+K451 FDNA-01 DeviceNetTerminal
block

+K458 FSCA-01 RS-485Terminal
block

+K462 FCNA-01 ControlNet8P8C×2

+K491FMBT-21Two-portModbus/TCPadapterRJ45×2

+K492 FPNO-21 Two-port Profinet IO adapterRJ45×2

1) Terminal size: 0.14 … 1.5 mm2 (26 … 16 AWG) Tightening torque: 0.5 … 0.6 N·m (4.4 … 5.3 lbf·in)
2) × = base unit, empty = fieldbus module

￭ Control cable connection procedure

Keep the signal wire pairs twisted as near to the terminals as possible to prevent
inductive coupling.
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WARNING!
Obey the safety instructions of the drive. 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, commissioning or maintenance work.

1. Do the steps in section Electrical safety precautions (page 18) before you start
the work.

2. Remove the screw on the drive front cover and lift the front cover up.

3. Strip a part of the outer shield of the control cable for grounding.

4. Use a cable tie to ground the outer shield to the grounding tab. For 360°
grounding, use metallic cable ties.

5. Strip the control cable conductors.

6. Connect the conductors to the correct control terminals. Torque the terminal
connections to 0.5 … 0.6 N·m (4.4 … 5.3 lbf·in).

7. Connect the shields and grounding wires to the SCR terminal. Torque the
terminal connection to 0.5 … 0.6 N·m (4.4 … 5.3 lbf·in).

8. Mechanically attach the control cables on the outside of the drive.

￭ Additional information on the control connections

Embedded EIA-485 fieldbus connection

The EIA-485 network uses shielded, twisted-pair cable with a characteristic
impedance of 100…130 ohm for data signaling. The distributed capacitance
between conductors is less than 100 pF per meter (30 pF per foot). Distributed
capacitance between conductors and shield is less than 200 pF per meter (60 pF
per foot). Foil or braided shields are acceptable.
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Connect the cable to the EIA-485 terminal on the RIIO-01 I/O module. 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

ON

1

ON

1

B+ A- B+ A- B+ A-
Without signal ground reference terminal

G - +

B+ A-

D
G

N
D

1 2

B+ A-

D
G

N
D

2

B+ A-

D
G

N
D

2

100 ohm

3 3 3

ON

1

ON

1

ON

1

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
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PNP configuration for digital inputs

Internal andexternal +24Vpowersupply connections forPNP (source) configuration
are shown in the figures below.

External +24Vpower supply (withBAPO-01)Internal +24 V power supply

0 V DC

+24 V DC DI1
DI2
DI3
DI4
DI5
DI6

+24 V
DGND
DCOM

DI1
DI2
DI3
DI4
DI5
DI6

+24 V
DGND
DCOM

NPN configuration for digital inputs

Internal and external +24Vpower supply connections forNPN (sink) configuration
are shown in the figures below.

External +24Vpower supply (withBAPO-01)Internal +24 V power supply

0 V DC

+24 V DC

DI1
DI2
DI3
DI4
DI5
DI6

+24 V
DGND
DCOM

DI1
DI2
DI3
DI4
DI5
DI6

+24 V
DGND
DCOM
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Connection for obtaining 0… 10 V from analog output 2 (AO2)

To obtain 0 … 10 V from analog output AO2, connect a 500 ohm resistor (or two
1 kohm resistors in parallel) between AO2 and AGND. Examples are shown in the
figure below.

AO2

AGND
500 ohm

0…
10

 V AO2

AGND
1 kohm

0…
10

 V

1 kohm

Analog output 2. Default output 0 … 20 mA.AO2

Analog common ground.AGND

Connection examples of two-wire and three-wire sensors

The figures give examples of connections for a two-wire or three-wire
sensor/transmitter that is supplied by the auxiliary voltage output of the drive.

P

I

-

+

4…20 mA AI2
AGND

+24V
DGND

Process actual value measurement or reference, 0(4) … 20 mA, Rin = 137 ohm. If
the sensor power supply comes through its current output circuit, use 4… 20mA
signal, not 0 … 20 mA.

AI2

AGND

Auxiliary voltage output, non-isolated, +24 V DC, max. 250 mA+24V

DGND

P

I
-

+

OUT (0)4…20 mA AI2
AGND

+24V
DGND

Process actual value measurement or reference, 0(4)…20 mA, Rin = 137 ohmAI2

AGND

Auxiliary voltage output, non-isolated, +24 V DC, max. 250 mA+24V

DGND
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AI and AO (or AI, DI and +10 V) as PTC motor temperature sensor interface

WARNING!
IEC 61800-5-1 requires double or reinforced insulation between 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 requirement when you plan the connection of the motor
temperature sensor to the drive.

To comply with the drive safety standard IEC 61800-5-1:

If themotor temperature sensor has double or reinforced insulation vs. themotor
windings, you can connect it directly to the drive IO interface. This section shows
two connection alternatives for the direct I/O connection. If the sensor does not
have reinforced insulation, you must use another type of connection to comply
with the safety standard. See Implementing a motor temperature sensor
connection (page 60).

See the firmwaremanual for information on the relatedMotor thermal protection
function, and the required parameter settings.

PTC connection 1

1…3 PTC sensors can be connected in series to an analog input and an analog
output.Make sure that the voltagedoes not exceed themaximumallowed voltage
over the sensor. The analog output feeds a constant excitation current of 1.6 mA
through the sensor. The sensor resistance increases as the motor temperature
rises, as does the voltageover the sensor. The temperaturemeasurement function
calculates the resistance of the sensor and generates an indication if
overtemperature isdetected. Leave thesensor endof the cable shieldunconnected.
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T T T

AI
AGND

AO
AGND

2

1
5

4

3

Motor winding1

Double or reinforced insulation2

1…3 PTC sensors3

Analog input. Set the analog input type to V (volt) in parameter group 12 Standard AI.
Define the temperature sensor type, signal source, etc. with parameters 35.11…35.24.
For the sensor type, select: PTC analog I/O.

4

Analog output. Select the Excitation mode for the analog output in parameter group
13 Standard AO.

5

PTC connection 2

If noanalogoutput is available for thePTCconnection, it is possible tousea voltage
divider connection. Make sure that the voltage does not exceed the maximum
allowed voltage over the sensor. 1…3 PTC sensors are connected in series with
10 V reference and digital and analog inputs. The voltage over the digital input
internal resistance varies depending on the PTC resistance. The temperature
measurement function reads the digital input voltage through the analog input
and calculates the PTC resistance.
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T T T

DI
AI

+10 V

DGND
DCOM

2
3

5

4

1

1…3 PTC sensors1

Double or reinforced insulation2

Motor winding3

Digital input and analog input. Set the analog input type to V (volt) in parameter group
12 StandardAI. Define the temperature sensor type, signal source, etc.with parameters
35.11…35.24. For the sensor type, select: PTC AI/DI Voltage Divider tree. Make sure that
the digital input is not configured to any other use by parameters.

4

10 V reference voltage5

AI1 and AI2 as Pt100, Pt1000, Ni1000, KTY83 and KTY84 sensor inputs

WARNING!
IEC 61800-5-1 requires double or reinforced insulation between 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 requirement when you plan the connection of the motor
temperature sensor to the drive.

To comply with the drive safety standard IEC 61800-5-1:

If themotor temperature sensor has double or reinforced insulation vs. themotor
windings, you can connect it directly to the drive IO interface. This section shows
the connection. If the sensor has no reinforced insulation, you must use another
type of connection to complywith the safety standard. See Implementing amotor
temperature sensor connection (page 60).

You can connect temperature measurement sensors (one, two or three Pt100
sensors; one, twoor threePt1000sensors; oroneNi1000,KTY83orKTY84)between
an analog input and output as shown below. Make sure that the voltage does not
exceed the maximum allowed voltage over the sensor. Leave the sensor end of
the cable shield unconnected.
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See the firmwaremanual for information on the relatedMotor thermal protection
function.

T T T

AI
AGND

AO
AGND

2

1
5

4

3

Motor winding1

Double or reinforced insulation2

1…3 × (Pt100 or Pt1000) or 1 × (Ni1000 or KTY83 or KTY84)3

Analog input. Set the analog input type to V (volt) in parameter group 12 Standard AI.
Define the temperature sensor type, signal source, etc. with parameters 35.11…35.24.
Set the analog input type to V (volt) in parameter group 12 Standard AI.

4

Analog output. Select the Excitation mode for the analog output in parameter group
13 Standard AO.

5

Safe torque off

For the drive to start, both STO connections (OUT1-IN1 and OUT1-IN2) must be
closed. By default, the terminal block has jumpers to close the circuit. Remove the
jumpers before connecting external Safe torque off circuitry to the drive. See
chapter The Safe torque off function.

Auxiliary voltage connection
The drive has 24 V DC (±10%) auxiliary power supply terminals both on the base
unit and on the RIIO-01 module. You can use them:

• to supply auxiliary power from the drive to external control circuits or option
modules

• to supply external auxiliary power to the drive to keep the control and cooling
in operation if there is a power outage.

See the technical data for the specifications for theauxiliarypower supply terminals
(input/output).

To supply power to external control circuits or option modules:

1. Connect the load either to the auxiliary power output on the base unit, or on
the RIIO-01 module (+24V and DGND terminals).

2. Make sure that you do not exceed the load capacity of the output, or the sum
load capacity of both outputs.
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To connect an external auxiliary power supply to the drive:

1. Install a BAPO-01 power extension module to the drive. See Installing
options (page 86).

2. Connect an external power supply to the+24VandDGNDterminals of thebase
unit.

For more information on the BAPO-01 module, see BAPO-01 auxiliary power
extension module (page 247).

RC
RA
RB

+24V
DGND

DCOM
SGND

S+

DI1
DI2

S1
S2

Connecting a PC
You can connect a PC to the drive. To communicate with the drive, the PC must
have suitable software (for example, Drive composer) installed.

If you have an assistant control panel (ACH-AP-H or ACH-AP-W), use a USB data
cable (Type A - Type Mini-B, maximum length 3 m [9.8 ft]) to connect to the PC.
Connect the cable as follows:

1. Open the USB connector cover on the control panel.

2. Connect the USB cable Mini-B plug to the control panel USB connector.

3. Connect the USB cable A plug to the USB port of the PC. The panel shows text
“USB connected”.

Note: You cannot use the control panel keys when the drive is connected to a PC.

If you have a RDUM-01 blank panel or CDPI-02 panel bus adapter installed, use a
BCBL-01 USB-RJ45 converter to connect to the PC.

It is also possible to use a CCA-01 configuration adapter when the drive is not
connected to the power supply network or to an external 24 V supply. The CCA-01
does not operate if the drive is powered.

Installing options
The drive has two option module slots:

• Front option: Communication module slot under the front cover.
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• Side option: Multifunction extension module slot on the side of the drive.

Refer also to theapplicable fieldbusmodulemanual for the installation instructions.
For other option modules, refer to:

• BREL-01 relay output extension module (page 257)

• BAPO-01 auxiliary power extension module (page 247)

• BIO-01 I/O extension module (page 251).

￭ Installing a front option

WARNING!
Obey the safety instructions of the drive. 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, commissioning or maintenance work.

1. Do the steps in section Electrical safety precautions (page 18) before you start
the work.

2. Remove the screw on the drive front cover and lift the front cover up.

3. If the option module has a locking tab, pull it up.

4. Carefully align the optionmodule with the optionmodule slot and push it into
position.

5. Torque the screw to 0.5 N·m (4.4 lbf·in).

6. If the option module has a locking tab, push it down until it locks.

7. Connect the control cables. See the control cable connection instructions.

22
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5

6
4

Note: If you have the BIO-01 option module, you can add one additional fieldbus
module on top of it.

￭ Installing a side option

WARNING!
Obey the safety instructions of the drive. 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, commissioning or maintenance work.

1. Do the steps in section Electrical safety precautions (page 18) before you start
the work.

2. Remove the two screws from the front-most grounding clamp at the bottom
of the drive.

3. Carefully align the side option with the connectors on the right side of the
drive.

4. Fully push the option module into position.

5. Torque the screw on the option module to 1 N·m (8.8 lbf·in).
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6. Attach the grounding bar to the bottom of the side option and to the front
ground tab on the drive. Torque the screws to 1 N·m (8.8 lbf·in).

7. Connect the control cables. See the control cable connection instructions.

5

6

7

2
3

4
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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
Examine themechanical and electrical installation of the drive before start-up. Go
through the checklist together with another person.

WARNING!
Obey the safety instructions of the drive. 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, commissioning or maintenance work.

WARNING!
Stop the drive and do the steps in section Electrical safety
precautions (page 18) before you start the work.

Make sure that …

The ambient operating conditions meet the drive ambient conditions specification
and enclosure rating (IP code).

The supply voltage matches the nominal input voltage of the drive. See the type
designation label.

8
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Make sure that …

The insulation resistance of the input power cable, motor cable andmotor is meas-
ured according to local regulations and the manuals of the drive.

The drive is attached securely on an even, vertical and non-flammable wall.

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

If the drive is connected to a network other than a symmetrically grounded TN-S
system: You have done all the required modifications (for example, you may need
to disconnect the EMC filter or ground-to-phase varistor) 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 has also been 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 sizedprotective earth (ground) conductor between themotor
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.

The motor cable is connected to the correct terminals, the phase order 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 the brake resistor and the drive, and
the conductor is connected to the correct terminal, and the terminals are tightened
to the correct torque. Grounding has also been measured according to the regula-
tions.

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.
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Make sure that …

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

If a drive bypass connection will be used: The direct-on-line contactor of the motor
and thedriveoutput contactor are eithermechanically and/or electrically interlocked,
that is, they cannot be closed at the same time. A thermal overload device must be
used for protection when 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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Maintenance

Contents of this chapter
The chapter contains maintenance intervals and instructions.

Maintenance intervals
The tables below show the maintenance tasks that can be done by the end user.
For the ABB Service offering, contact 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

9
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￭ Recommended maintenance intervals after start-up

Recommended annual actions by the user

Connections and environment

PQuality of supply voltage

Spare parts

ISpare parts

PReforming DC circuit capacitors of spare modules

Inspections

ITightness of terminals

IDustiness, corrosion and temperature

PCleaning the heatsink

Years from start-up
Maintenance task/object

21181512963

Cooling fans (frames R1…R4)

RRRMain cooling fan

Batteries

RRControl panel battery

Functional safety

I

See the maintenance information of the
safety function.

Safety function test

20 yearsSafety component expiry (Mission time TM)

Note:

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

• Long-termoperationnear thespecifiedmaximumratingsorambientconditions
may require shorter maintenance intervals for certain components. Contact
your local ABB Service representative for additional maintenance
recommendations.
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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 any
modules, 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 some of the components may already have been renewed earlier,
restarting their mission time. The remaining mission time of the whole circuit is
however determined by its oldest component.

Contact your local ABB service representative for more information.

Cleaning the heatsink
The drive module heatsink fins pick up dust from the cooling air. The drive runs
into overtemperature warnings and faults if the heatsink is not clean. When
necessary, clean the heatsink as follows.

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

WARNING!
Use a vacuum cleaner with antistatic hose and nozzle, andwear a grounding
wristband. Using a normal vacuum cleaner creates static discharges which
can damage circuit boards.

1. Stop the drive and do the steps in section Electrical safety
precautions (page 18) before you start the work.

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

3. Protect the adjacent equipment from dust.

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

5. Reinstall the cooling fan.
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Replacing the cooling fans
These instructions are applicable only to driveswith frame size R1…R4.Driveswith
frame size R0 do not have a cooling fan.

Parameter 05.04 Fan on-time counter shows the running time of the cooling fan.
After you replace the fan, reset the fan counter. Refer to the firmware manual.

You can get replacement fans from ABB. Use only ABB specified spare parts.

￭ Replacing the cooling fan, frames R1…R3

WARNING!
Obey the safety instructions of the drive. 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, commissioning or maintenance work.

1. Stop the drive and do the steps in section Electrical safety
precautions (page 18) before you start the work.

2. Use a suitable flat screwdriver to open the fan cover.

3. Carefully lift the fan cover out of the drive. The fan cover holds the cooling fan.

2

3

4. Remove the fan power cable from the cable slot in the drive.

5. Disconnect the fan power cable.

4

5

6. Free the fan clips and remove the fan from the fan cover.
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7. Install the new fan into the fan cover.Make sure that the air flow is in the correct
direction. The air flows in from the bottom of the drive and out from the top
of the drive.

6
7

8. Connect the fan power cable.

9. Put the fan power cable into the cable slot in the drive.

8
9

10. Carefully put the fan cover into position in the drive. Make sure that the fan
power cable is routed correctly.

11. Push the cover to lock into position.

10

11

￭ Replacing the cooling fan, frame R4

WARNING!
Obey the safety instructions of the drive. 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, commissioning or maintenance work.
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1. Stop the drive and do the steps in section Electrical safety
precautions (page 18) before you start the work.

2. Use a suitable flat screwdriver to open the fan cover.

2

3. Lift out the fan cover and set it aside.

3

4. Lift and pull the fan from its base.

5. Disconnect the fan power cable from the extension cable connector.

4

5

6. Replace the fan. The arrow indicating the air flow direction must point up.
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7. Connect the fan power cable.

6
7

8. Place the fan cover back on the frame.

9. Push the cover to lock into position.

8 9

Capacitors
The intermediate DC circuit of the drive contains several electrolytic capacitors.
Operating time, load, and surrounding air temperature have an effect on the life
of the capacitors. Capacitor life can be extended by decreasing the surrounding
air temperature.

Capacitor failure is usually followed by damage to the unit and 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

The capacitors must be reformed if the drive has not been powered (either in
storage or unused) for a year or more. The manufacturing date is on the type
designation label. For information on reforming the capacitors, refer to Capacitor
reforming instructions (3BFE64059629 [English]).
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Technical data

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

Electrical ratings

￭ IEC ratings

Frame

Output ratingsInput currentIEC type
ACH480-
04-… Light-duty useNominal useMax.

current
With
choke

No
choke

PLdILdPnInImaxI1nI1n

kWAkWAAAA

1-phase Un = 230 V

R00.372.30.372.43.24.25.302A4-1

R00.553.50.553.74.36.47.003A7-1

R10.754.60.754.86.78.38.904A8-1

R11.16.61.16.98.611.911.506A9-1

R11.57.41.57.812.413.514.707A8-1

R22.29.32.29.814.017.019.809A8-1

10
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Frame

Output ratingsInput currentIEC type
ACH480-
04-… Light-duty useNominal useMax.

current
With
choke

No
choke

PLdILdPnInImaxI1nI1n

kWAkWAAAA

R23.011.63.012.217.621.125.612A2-1

3-phase Un = 230 V

R10.372.30.372.43.22.43.402A4-2

R10.553.50.553.74.33.74.503A7-2

R10.754.60.754.86.74.85.704A8-2

R11.16.61.16.98.66.97.806A9-2

R11.57.51.57.812.47.89.307A8-2

R12.29.32.29.814.09.812.809A8-2

R23.011.63.012.217.612.216.012A2-2

R34.016.74.017.522.017.520.717A5-2

R35.524.25.525.031.525.027.225A0-2

R47.530.87.532.045.032.034.9032A-2

R411.046.211.048.057.648.047.8048A-2

3-phase Un = 400 V

R10.752.50.752.63.22.63.502A7-4

R11.13.11.13.34.73.34.803A4-4

R11.53.81.54.05.94.06.104A1-4

R12.25.32.25.67.25.68.505A7-4

R13.06.83.07.210.17.210.107A3-4

R14.08.94.09.413.09.412.909A5-4

R25.512.05.512.616.912.616.512A7-4

R37.516.27.517.022.717.023.4018A-4

R311.023.811.025.030.625.031.8026A-4

R415.030.515.032.045.032.040.7033A-4

R418.536.018.538.057.638.049.0039A-4

R422.042.822.045.068.445.055.7046A-4

R422.048.022.050.081.050.055.7050A-4
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￭ UL (NEC) ratings

FrameOutput ratingsInput currentUL (NEC)
type

ACH480-
04-…

Light-duty useMax. cur-
rent

With chokeNo choke

PLdILdImaxI1LdI1Ld

hpAAAA

1-phase Un = 230 V

R00.52.33.24.05.502A3-1

R00.753.54.36.17.403A5-1

R11.04.66.78.09.104A6-1

R11.56.68.611.412.606A6-1

R12.07.412.412.814.907A4-1

R23.09.314.016.121.009A3-1

R23.011.617.620.121.011A6-1

3-phase Un = 230 V

R10.52.33.22.33.502A3-2

R10.753.54.33.54.803A5-2

R11.04.66.74.65.804A6-2

R11.56.68.66.68.406A6-2

R12.07.512.47.59.407A5-2

R23.011.617.611.613.111A6-2

R35.016.722.016.721.0017A-2

R37.524.231.524.230.5024A-2

R410.030.845.030.837.4031A-2

R415.046.257.646.253.2046A-2

3-phase Un = 480 V

R11.02.13.22.12.702A1-4

R11.53.04.73.03.903A0-4

R12.03.45.93.44.503A5-4

R13.04.87.24.86.604A8-4

R13.06.010.16.06.206A0-4

R15.07.613.07.69.807A6-4
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FrameOutput ratingsInput currentUL (NEC)
type

ACH480-
04-…

Light-duty useMax. cur-
rent

With chokeNo choke

PLdILdImaxI1LdI1Ld

hpAAAA

R27.511.016.911.013.9011A-4

R310.014.022.714.018.8014A-4

R315.021.030.621.026.6021A-4

R420.027.045.027.033.7027A-4

R425.034.057.634.041.3034A-4

R430.042.081.042.046.9042A-4

￭ Definitions

The ratings are valid at a maximum surrounding air temperature of 50 °C (122 °F),
with the default drive switching frequency of 4 kHz (parameter 97.01), and with
an installation altitude below 1000 m (3281 ft).

Un Nominal input voltage of the drive. For input voltage range U1, refer
to Electrical power network specification (page 166).

I1n Nominal input current with typical motor power Pn. Continuous rms
input current, for dimensioning cables and fuses.

I1Ld Light-duty input current (rms) with typical motor power PLd, for
dimensioning cables and fuses.

Imax Maximum output current. Available for 2 seconds every 10 minutes
when theoutput frequency is less than9Hz.Maximumcurrent setting
(parameter 30.17) can also limit the value.

In Nominal output current. Maximum continuous rms output current
(no overload).

Pn Typical motor power in nominal use (no overloading). The kilowatt
ratings are applicable to most IEC 4-pole motors.

ILd Continuous rms output current. Allows 10% overload for 1 minute
every 10 minutes.

PLd Typical motor power in light-duty use (10% overload). The kilowatt
ratings are applicable to most IEC 4-pole motors. The horsepower
ratings are applicable to most NEMA 4-pole motors.
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￭ Sizing

ABB recommends the DriveSize tool for selecting the drive, motor and gear
combination (https://new.abb.com/drives/software-tools/drivesize). You can
also use the ratings tables.

The minimum recommended nominal current of the motor is 40% of the drive
nominal output current (In) . If the motor has a lower nominal current rating than
this, the drive cannot accurately measure the motor current.

Output derating
The loadcapacity (In, ILd) decreases in someoperation conditions. In suchoperation
conditions, where full motor power is required, oversize the drive so that the total
derated output current is sufficient for the motor to reach the full power.

In an environmentwheremore thanone typeof derating is necessary (for example,
high altitude and high temperature), the effects of derating are cumulative.

Note:

• Imax is not derated.

• It is possible that also the motor load capacity needs to be derated.

• You can also use the DriveSize tool for derating.

See Surrounding air temperature derating (page 137), Altitude derating (page 137)
and Switching frequency derating (page 138) for the derating values.

Example 1, IEC: How to calculate the derated current

The drive type is ACH480-04-018A-4, which has a nominal output current (In) of
17 A at 400 V. Calculate the derated output current at 4 kHz switching frequency,
at 1500 m altitude and at 55 °C surrounding air temperature.

Switching frequency derating: Derating is not necessary at 4 kHz.

Altitude derating: The derating factor for 1500 m is

Surrounding air temperature derating: The derating factor for 55 °C surrounding
air temperature is

Multiply the nominal drive output current by all the applicable derating factors. In
this example, the derated output current becomes
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Example 1, UL (NEC): How to calculate the derated current

The drive type is ACH480-04-014A-4, which has light-duty output current (ILd) of
14 A at 480 V. Calculate the derated output current at 4 kHz switching frequency,
at 6000 ft altitude and at 131 °F surrounding air temperature.

Switching frequency derating: Derating is not necessary at 4 kHz.

Altitude derating: The derating factor for 6000 ft is

Surrounding air temperature derating: The derating factor for 131 °F surrounding
air temperature is

Multiply the drive output current by all the applicable derating factors. In this
example, the derated output current becomes

Example 2, IEC: How to calculate the required drive

The application requires a nominalmotor current of 6.0A at a switching frequency
of 8 kHz. The supply voltage is 400 V, the altitude is 1800 m and the surrounding
air temperature is 35 °C.

Altitude derating: The derating factor for 1800 m is

Surrounding air temperature derating: Derating is not necessary at 35 °C
surrounding air temperature.

To see if the derated output current of a drive is sufficient for the application,
multiply the nominal output current (In) by all the applicable derating factors. For
example, drive type ACH480-04-12A7-4 has a nominal output current of 12.6 A at
400 V.

Switching frequency derating: The derating factor for this drive type is 0.68 at
8 kHz. Calculate the derated drive output current:

In this example, the derated output current is sufficient, because it is higher than
the required current.

Example 2, UL (NEC): How to calculate the required drive

Theapplication requires amaximumof 12.0Aofmotor currentwith a 10%overload
for oneminute every tenminutes (ILd) at a switching frequency of 8 kHz. The supply
voltage is 480 V, the altitude is 5500 ft and the surrounding air temperature is
95 °F.
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Altitude derating: The derating factor for 5500 ft is

Surrounding air temperature derating: Derating is not necessary at 95 °F
surrounding air temperature.

To see if the derated output current of a drive is sufficient for the application,
multiply thedriveoutput current for light-dutyuse (ILd) by all theapplicablederating
factors. For example, drive type ACH480-04-21A-4 has an output current of 21 A
at 480 V.

Switching frequency derating:The derating factor for this drive type is 0.67 at
8 kHz. Calculate the derated drive output current:

In this example, the derated output current is sufficient, because it is higher than
the required current.

￭ Surrounding air temperature derating

DeratingTemperatureFrame

No deratingLess than 50 °C
(122 °F)All

Output current decreases by 1% for each additional 1 °C
(1.8 F).

50 … 60 °C

(122 … 140 °F)

R1…R3

Output current decreases by 1% for each additional 1 °C
(1.8 F) on:

IEC types

50 … 60 °C

(122 … 140 °F)

R4

• ACH480-04-033A-4
• ACH480-04-046A-4
UL (NEC) types
• ACH480-04-027A-4
Output current decreases by 2% for each additional 1 °C
(1.8 F) on:

IEC types
• ACH480-04-039A-4
• ACH480-04-050A-4
UL (NEC) types
• ACH480-04-034A-4
• ACH480-04-042A-4

￭ Altitude derating

230 V drives: At altitudes 1000… 2000 m (3281 … 6562 ft) above sea level, the
derating is 1% for each added 100 m (328 ft) above 1000 m (3281 ft).
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400/480 V drives: At altitudes 1000… 4000 m (3281 … 13123 ft) above sea level,
thederating is 1% for each added 100m (328 ft) above 1000m (3281 ft). In addition:

• A maximum altitude of 4000 m (13123 ft) is permitted for these grounding
systems: TN-S, TT. A maximum altitude of 2000 m (6562 ft) is permitted for
these grounding systems: corner-grounded delta, midpoint-grounded delta,
IT (ungrounded).

• Above 2000m (6562 ft), the maximum permitted voltage for the relay output
RO1 decreases. At 4000 m (13123 ft), it is 30 V.

• Above 2000m (6562 ft), themaximumpermittedpotential differencebetween
the adjacent relays of the BREL-01 relay extension module (option +L511)
decreases. At 4000 m (13123 ft), it is 30 V.

To calculate the derated output current, multiply the current in the ratings table
with the derating factor k, which for x meters or feet is:

￭ Switching frequency derating

Derating thedriveoutput current is necessarywhenusinghighminimumswitching
frequencies. If you changeparameter97.02Minimumswitching frequency, calculate
the derated current.Multiply the drive output currentwith the applicable derating
factor from the table.

Derating is not necessary when changing parameter 97.01 Switching frequency
reference.

Frame R4: If the application is cyclic and the surrounding air temperature is
constantly more than 40 °C (104 °F), keep parameter 97.02 Minimum switching
frequency at its default value (1.5 kHz). Higher switching frequencies decrease the
product life time or the performance in the temperature range 40… 60 °C
(104 … 140 °F).

Derating factorIEC type
ACH480-
04-… 12 kHz8 kHz< 4 kHz

1-phase Un = 230 V

0.660.801.002A4-1

0.660.801.003A7-1

0.680.811.004A8-1

0.680.811.006A9-1

0.740.851.007A8-1
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Derating factorIEC type
ACH480-
04-… 12 kHz8 kHz< 4 kHz

0.740.851.009A8-1

0.690.821.012A2-1

3-phase Un = 230 V

0.730.841.002A4-2

0.730.841.003A7-2

0.730.841.004A8-2

0.730.841.006A9-2

0.700.831.007A8-2

0.700.831.009A8-2

0.610.761.012A2-2

0.610.761.017A5-2

0.600.751.025A0-2

0.590.751.0032A-2

0.600.741.0048A-2

3-phase Un = 400 V

0.480.651.002A7-4

0.480.651.003A4-4

0.480.651.004A1-4

0.480.651.005A7-4

0.480.651.007A3-4

0.480.651.009A5-4

0.510.681.012A7-4

0.510.681.0018A-4

0.510.671.0026A-4

0.490.651.0033A-4

0.490.651.0039A-4

0.490.661.0046A-4

0.490.661.0050A-4
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Derating factorUL (NEC)
type

ACH480-
04-…

12 kHz8 kHz< 4 kHz

1-phase Un = 230 V

0.660.801.002A3-1

0.660.801.003A5-1

0.680.811.004A6-1

0.680.811.006A6-1

0.740.851.007A4-1

0.740.851.009A3-1

0.690.821.011A6-1

3-phase Un = 230 V

0.730.841.002A3-2

0.730.841.003A5-2

0.730.841.004A6-2

0.730.841.006A6-2

0.700.831.007A5-2

0.610.761.011A6-2

0.610.761.0017A-2

0.600.751.0024A-2

0.590.751.0031A-2

0.600.741.0046A-2

3-phase Un = 480 V

0.480.651.002A1-4

0.480.651.003A0-4

0.480.651.003A5-4

0.480.651.004A8-4

0.480.651.006A0-4

0.480.651.007A6-4

0.510.681.0011A-4

0.510.681.0014A-4

0.510.671.0021A-4
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Derating factorUL (NEC)
type

ACH480-
04-…

12 kHz8 kHz< 4 kHz

0.490.651.0027A-4

0.490.651.0034A-4

0.490.661.0042A-4

￭ Derating in case of a phase loss

In caseof aphase loss thedrivewill functionaccording to the settingsofparameter
31.21 Supply phase loss. IfNo action is selected, the output current is limited to 50
% when phase loss is detected. No fault or warning is given.

Fuses
The tables list the fuses for protection against short-circuits in the input power
cable or drive. The operating timedependson the supply network impedance, and
the cross-sectional area and length of the supply cable.

Do not use fuses that have a higher current rating than specified in the table. You
canuse fuses fromothermanufacturers, if theymeet the ratings, and if themelting
curve of the fuse does not exceed the melting curve of the fuse mentioned in the
table.

￭ IEC fuses

Either fuse type can be used if it operates rapidly enough.

gG fuses (IEC)

Make sure that the operating time of the fuse is less than 0.5 seconds. Obey the
local regulations.

gG fusesMin.
short-circuit
current1)

IEC type
ACH480-04-…

IEC 60269
size

ABB typeVoltage
rating

I2tNominal
current

VA2sAA

1-phase Un = 230 V

000OFAF000H10500380108002A4-1

000OFAF000H10500380108003A7-1

000OFAF000H165007201612804A8-1

000OFAF000H2050015002020006A9-1
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gG fusesMin.
short-circuit
current1)

IEC type
ACH480-04-…

IEC 60269
size

ABB typeVoltage
rating

I2tNominal
current

VA2sAA

000OFAF000H2550025002520007A8-1

000OFAF000H3250025003225609A8-1

000OFAF000H3550070003532012A2-1

3-phase Un = 230 V

000OFAF000H650011064802A4-2

000OFAF000H10500360108003A7-2

000OFAF000H10500360108004A8-2

000OFAF000H165007401612806A9-2

000OFAF000H165007401612807A8-2

000OFAF000H165007401612809A8-2

000OFAF000H2550025002520012A2-2

000OFAF000H3250045003225617A5-2

000OFAF000H50500155005040025A0-2

000OFAF000H635002000063504032A-2

000OFAF000H10050065000100800048A-2

3-phase Un = 400 V

000OFAF000H650011064802A7-4

000OFAF000H650011064803A4-4

000OFAF000H10500360108004A1-4

000OFAF000H10500360108005A7-4

000OFAF000H165007401612807A3-4

000OFAF000H165007401612809A5-4

000OFAF000H2550025002520012A7-4

000OFAF000H32500450032256018A-4

000OFAF000H505001550050400026A-4

000OFAF000H635002000063504033A-4

000OFAF000H805003600080640039A-4
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gG fusesMin.
short-circuit
current1)

IEC type
ACH480-04-…

IEC 60269
size

ABB typeVoltage
rating

I2tNominal
current

VA2sAA

000OFAF000H10050065000100800046A-4

000OFAF000H10050065000100800050A-4

1) Minimum permitted short-circuit current of the electrical power network

gR fuses (IEC)

gR fusesMin.
short-circuit
current1)

IEC type
ACH480-04-…

IEC 60269
size

Bussmann
type

Voltage
ratingI2tNominal

current

VA2sAA

1-phase Un = 230 V

00170M2695690275328002A4-1

00170M2695690275328003A7-1

00170M26966904904012804A8-1

00170M269769010005020006A9-1

00170M269869018006320007A8-1

00170M269869018006325609A8-1

00170M269869018006332012A2-1

3-phase Un = 230 V

00170M2694690125254802A4-2

00170M2695690275328003A7-2

00170M2695690275328004A8-2

00170M26966904904012806A9-2

00170M26966904904012807A8-2

00170M26966904904012809A8-2

00170M269769010005020012A2-2

00170M269869018006325617A5-2

00170M269969036008040025A0-2

00170M27006906650100504032A-2

00170M270269022500160800048A-2
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gR fusesMin.
short-circuit
current1)

IEC type
ACH480-04-…

IEC 60269
size

Bussmann
type

Voltage
ratingI2tNominal

current

VA2sAA

3-phase Un = 400 V

00170M2694690125254802A7-4

00170M2694690125254803A4-4

00170M2695690275328004A1-4

00170M2695690275328005A7-4

00170M26966904904012807A3-4

00170M26966904904012809A5-4

00170M269769010005020012A7-4

00170M2698690180063256018A-4

00170M2699690360080400026A-4

00170M27006906650100504033A-4

00170M270169012000125640039A-4

00170M270269022500160800046A-4

00170M270269022500160800050A-4

1) Minimum permitted short-circuit current of the electrical power network

￭ UL (NEC) fuses

FusesUL (NEC)
type

ACH480-
04-…

Max. fuse rat-
ing for group
installation1)Type

Bussmann/
Edison type

VoltageratingNominal cur-
rent

AVA

1-phase Un = 230 V

10UL class TJJN/TJN103001002A3-1

10UL class TJJN/TJN103001003A5-1

25UL class TJJN/TJN203002004A6-1

25UL class TJJN/TJN203002006A6-1

25UL class TJJN/TJN253002507A4-1

35UL class TJJN/TJN253002509A3-1
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FusesUL (NEC)
type

ACH480-
04-…

Max. fuse rat-
ing for group
installation1)Type

Bussmann/
Edison type

VoltageratingNominal cur-
rent

AVA

35UL class TJJN/TJN353003511A6-1

3-phase Un = 230 V

25UL class TJJS/TJS6600602A3-2

25UL class TJJS/TJS106001003A5-2

25UL class TJJS/TJS106001004A6-2

25UL class TJJS/TJS156001506A6-2

25UL class TJJS/TJS156001507A5-2

30UL class TJJS/TJS206002011A6-2

40UL class TJJS/TJS3060030017A-2

40UL class TJJS/TJS4060040024A-2

100UL class TJJS/TJS5060050031A-2

100UL class TJJS/TJS7060070046A-2

3-phase Un = 480 V

25UL class TJJS/TJS6600602A1-4

25UL class TJJS/TJS6600603A0-4

25UL class TJJS/TJS6600603A5-4

25UL class TJJS/TJS106001004A8-4

25UL class TJJS/TJS106001006A0-4

25UL class TJJS/TJS156001507A6-4

30UL class TJJS/TJS2060020011A-4

40UL class TJJS/TJS2560025014A-4

40UL class TJJS/TJS3560035021A-4

100UL class TJJS/TJS4560045027A-4

100UL class TJJS/TJS6060060034A-4

100UL class TJJS/TJS6060060042A-4

1) Branch circuit short-circuit protection for group installation by fuses: Suitable for motor group
installation on a circuit that is capable of delivering no more than 65000 rms symmetrical amperes,
480 V maximum, when protected by class T fuses.
The same fuse size is specified for several consecutive drive types. This is possible since the physical
structure of the drive types is identical.
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1. Fuses are required as part of the installation, are not included in the basedrive
configuration and must be provided by others.

2. Fuses with a higher current rating than specified must not be used.

3. The UL listed fuses recommended by ABB are the required branch circuit
protection per NEC.

4. The recommended size or smaller UL listed 248 fast acting, time delay, or high
speed fuses must be used to maintain the UL listing of the drive. Additional
protection can be used. Refer to local codes and regulations.

5. A fuse of a different class can be used at the high fault rating where the Ipeak
and I2t of the new fuse is not greater than that of the specified fuse.

6. UL listed 248 fast acting, time delay, or high speed fuses from other
manufacturers canbeused if theymeet the sameclassand rating requirements
specified in the rules above.

7. When you install a drive, always obey ABB installation instructions, NEC
requirements and local codes.

8. Alternative fuses canbeused if theymeet certain characteristics. Forpermitted
fuses, refer to the alternative fuse tables in this manual.

UL (NEC) fuse alternatives

UL 248-15 Class T Fast Acting FusesFuseUL (NEC)
type

ACH480-04-… EdisonMersen /
Ferraz

Shawmut
LittelfuseBussmann

Voltage
rating

Max.
current

VA

3-phase Un = 230 V

TSJ6A6T6JLLS006JJS-6600602A3-2

TSJ10A6T10JLLS010JJS-106001003A5-2

TSJ10A6T10JLLS010JJS-106001004A6-2

TSJ20A6T20JLLS020JJS-206002006A6-2

TSJ20A6T20JLLS020JJS-206002007A5-2

TSJ25A6T25JLLS025JJS-256002511A6-2

TSJ35A6T35JLLS035JJS-3560035017A-2

TSJ40A6T40JLLS040JJS-4060040024A-2

TSJ60A6T60JLLS060JJS-6060060031A-2

TSJ100A6T100JLLS100JJS-100600100046A-2
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UL 248-15 Class T Fast Acting FusesFuseUL (NEC)
type

ACH480-04-… EdisonMersen /
Ferraz

Shawmut
LittelfuseBussmann

Voltage
rating

Max.
current

VA

3-phase Un = 480 V

TJS6A6T6JLLS006JJS-6600602A1-4

TJS6A6T6JLLS006JJS-6600603A0-4

TJS10A6T10JLLS010JJS-106001003A5-4

TJS10A6T10JLLS010JJS-106001004A8-4

TJS20A6T20JLLS020JJS-206002006A0-4

TJS20A6T20JLLS020JJS-206002007A6-4

TJS25A6T25JLLS025JJS-2560025011A-4

TJS35A6T35JLLS035JJS-3560035014A-4

TJS40A6T40JLLS040JJS-4060040021A-4

TJS60A6T60JLLS060JJS-6060060027A-4

TJS80A6T80JLLS080JJS-8060080034A-4

TJS100A6T100JLLS100JJS-100600100042A-4

UL 248-8 Fast Acting Class J FusesFuseUL (NEC)
type

ACH480-04-… EdisonMersen /
Ferraz

Shawmut
LittelfuseBussmann

Voltage
rating

Max.
current

VA

3-phase Un = 230 V

JFL6A4J6JLS6JKS-6600602A3-2

JFL10A4J10JLS10JKS-106001003A5-2

JFL10A4J10JLS10JKS-106001004A6-2

JFL20A4J20JLS20JKS-206002006A6-2

JFL20A4J20JLS20JKS-206002007A5-2

JFL25A4J25JLS25JKS-256002511A6-2

JFL35A4J35JLS35JKS-3560035017A-2

JFL40A4J40JLS40JKS-4060040024A-2

JFL60A4J60JLS60JKS-6060060031A-2

JFL100A4J100JLS100JKS-100600100046A-2
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UL 248-8 Fast Acting Class J FusesFuseUL (NEC)
type

ACH480-04-… EdisonMersen /
Ferraz

Shawmut
LittelfuseBussmann

Voltage
rating

Max.
current

VA

3-phase Un = 480 V

JFL6A4J6JLS6JKS-6600602A1-4

JFL6A4J6JLS6JKS-6600603A0-4

JFL10A4J10JLS10JKS-106001003A5-4

JFL10A4J10JLS10JKS-106001004A8-4

JFL20A4J20JLS20JKS-206002006A0-4

JFL20A4J20JLS20JKS-206002007A6-4

JFL25A4J25JLS25JKS-2560025011A-4

JFL35A4J35JLS35JKS-3560035014A-4

JFL40A4J40JLS40JKS-4060040021A-4

JFL60A4J60JLS60JKS-6060060027A-4

JFL80A4J80JLS80JKS-8060080034A-4

JFL100A4J100JLS100JKS-100600100042A-4

UL 248-8 High Speed Class J FusesFuseUL (NEC)
type

ACH480-04-… EdisonMersen /
Ferraz

Shawmut
LittelfuseBussmann

Voltage
rating

Max.
current

VA

3-phase Un = 230 V

JHL6HSJ6LDFJ006DFJ-6600602A3-2

JHL10HSJ10LDFJ010DFJ-106001003A5-2

JHL10HSJ10LDFJ010DFJ-106001004A6-2

JHL20HSJ20LDFJ020DFJ-206002006A6-2

JHL20HSJ20LDFJ020DFJ-206002007A5-2

JHL25HSJ25LDFJ025DFJ-256002511A6-2

JHL35HSJ35LDFJ035DFJ-3560035017A-2

JHL40HSJ40LDFJ040DFJ-4060040024A-2

JHL60HSJ60LDFJ060DFJ-6060060031A-2

JHL100HSJ100LDFJ100DFJ-100600100046A-2
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UL 248-8 High Speed Class J FusesFuseUL (NEC)
type

ACH480-04-… EdisonMersen /
Ferraz

Shawmut
LittelfuseBussmann

Voltage
rating

Max.
current

VA

3-phase Un = 480 V

JHL6HSJ6LDFJ006DFJ-6600602A1-4

JHL6HSJ6LDFJ006DFJ-6600603A0-4

JHL10HSJ10LDFJ010DFJ-106001003A5-4

JHL10HSJ10LDFJ010DFJ-106001004A8-4

JHL20HSJ20LDFJ020DFJ-206002006A0-4

JHL20HSJ20LDFJ020DFJ-206002007A6-4

JHL25HSJ25LDFJ025DFJ-2560025011A-4

JHL35HSJ35LDFJ035DFJ-3560035014A-4

JHL40HSJ40LDFJ040DFJ-4060040021A-4

JHL60HSJ60LDFJ060DFJ-6060060027A-4

JHL80HSJ80LDFJ080DFJ-8060080034A-4

JHL100HSJ100LDFJ100DFJ-100600100042A-4

UL 248-4 Class CC Fast Acting FusesFuseUL (NEC)
type

ACH480-04-… EdisonMersen /
Ferraz

Shawmut
LittelfuseBussmann

Voltage
rating

Max.
current

VA

3-phase Un = 230 V

HCLR6ATMR6KLKR6KTK-R-6600602A3-2

HCLR10ATMR10KLKR10KTK-R-106001003A5-2

HCLR10ATMR10KLKR10KTK-R-106001004A6-2

HCLR20ATMR20KLKR20KTK-R-206002006A6-2

HCLR20ATMR20KLKR20KTK-R-206002007A5-2

HCLR25ATMR25KLKR25KTK-R-256002511A6-2

3-phase Un = 480 V

HCLR6ATMR6KLKR6KTK-R-6600602A1-4

HCLR6ATMR6KLKR6KTK-R-6600603A0-4

HCLR10ATMR10KLKR10KTK-R-106001003A5-4

Technical data 149



UL 248-4 Class CC Fast Acting FusesFuseUL (NEC)
type

ACH480-04-… EdisonMersen /
Ferraz

Shawmut
LittelfuseBussmann

Voltage
rating

Max.
current

VA

HCLR10ATMR10KLKR10KTK-R-106001004A8-4

HCLR20ATMR20KLKR20KTK-R-206002006A0-4

HCLR20ATMR20KLKR20KTK-R-206002007A6-4

HCLR25ATMR25KLKR25KTK-R-2560025011A-4

UL248-17ClassCFFast
Acting Cube Fuse

FuseUL (NEC) type
ACH480-04-…

Bussmann
Voltage ratingMax. current

VA

3-phase Un = 230 V

FCF6RN600602A3-2

FCF10RN6001003A5-2

FCF10RN6001004A6-2

FCF20RN6002006A6-2

FCF20RN6002007A5-2

FCF25RN6002511A6-2

FCF35RN60035017A-2

FCF40RN60040024A-2

FCF60RN60060031A-2

FCF100RN600100046A-2

3-phase Un = 480 V

FCF6RN600602A1-4

FCF6RN600603A0-4

FCF10RN6001003A5-4

FCF10RN6001004A8-4

FCF20RN6002006A0-4

FCF20RN6002007A6-4

FCF25RN60025011A-4

FCF25RN60035014A-4
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UL248-17ClassCFFast
Acting Cube Fuse

FuseUL (NEC) type
ACH480-04-…

Bussmann
Voltage ratingMax. current

VA

FCF40RN60040021A-4

FCF60RN60060027A-4

FCF80RN60080034A-4

FCF100RN600100042A-4

Alternative short-circuit protection

￭ Miniature circuit breakers (IEC)

Note:Miniature circuit breakers with or without fuses have not been evaluated
for use as short-circuit protection in North American (UL) environments.

The protective characteristics of the 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. Your local ABB representative
canhelp you in selecting thebreaker typewhen the supply network characteristics
are known.

WARNING!
Due to the inherent operating principle and construction of circuit breakers,
independent of the manufacturer, hot ionized gases can escape from the
breaker enclosure in case of a short-circuit. To ensure safe use, pay special
attention to the installation and placement of the breakers. Obey the
manufacturer’s instructions.

You can use the circuit breakers specified by ABB. You can also use other circuit
breakers with the drive if they provide the same electrical characteristics. ABB
does not assume any liability whatsoever for the correct function and protection
of the circuit breakers not specified by ABB. Furthermore, if the specifications
givenbyABBare notobeyed, thedrive can experienceproblems thewarrantydoes
not cover.

Network
SCC 1)

Miniature circuit breakerFrameIEC type
ACH480-
04-… kAABB type

1-phase Un = 230 V

5S 201P-B 10 NAR002A4-1
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Network
SCC 1)

Miniature circuit breakerFrameIEC type
ACH480-
04-… kAABB type

5S 201P-B 10 NAR003A7-1

5S 201P-B 16 NAR104A8-1

5S 201P-B 20 NAR106A9-1

5S 201P-B 25 NAR107A8-1

5S 201P-B 25 NAR209A8-1

5S 201P-B 32 NAR212A2-1

3-phase Un = 230 V

5S 203P-Z 6 NAR102A4-2

5S 203P-Z 8 NAR103A7-2

5S 203P-Z 10 NAR104A8-2

5S 203P-Z 16 NAR106A9-2

5S 203P-Z 16 NAR107A8-2

5S 203P-Z 25 NAR109A8-2

5S 203P-Z 25 NAR212A2-2

5S 203P-Z 32 NAR317A5-2

5S 203P-Z 50 NAR325A0-2

5S 203P-Z 63 NAR4032A-2

5Contact ABBR4048A-2

3-phase Un = 400 V

5S 203P-B 6R102A7-4

5S 203P-B 6R103A4-4

5S 203P-B 8R104A1-4

5S 203P-B 10R105A7-4

5S 203P-B 16R107A3-4

5S 203P-B 16R109A5-4

5S 203P-B 25R212A7-4

5S 203P-B 32R3018A-4

5S 203P-B 50R3026A-4

5S 203P-B 63R4033A-4

5S 803S-B 80R4039A-4
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Network
SCC 1)

Miniature circuit breakerFrameIEC type
ACH480-
04-… kAABB type

5S 803S-B 100R4046A-4

5S 803S-B 100R4050A-4

1) Maximum permitted rated conditional short-circuit current (IEC 61800-5-1) of the electrical power
network.

￭ Miniature circuit breakers (UL)

ACH480drives are suitable for use on a circuit capable of delivering notmore than
10 kA symmetrical amperes (RMS) at 240or 480Y/277Vmaximum,whenprotected
by appropriate circuit breakers in the tables below. Additional fuse protection is
not required by UL when using circuit breakers herein. Circuit breakers are not
required to be in the same enclosure as the drive.

Minimum enclosure volume 1) 2)Miniature circuit breakerFrameACH480-
04-… in3ABB type

1-phase Un = 230 V

1850SU202M-C10R002A4-1

1850SU202M-C10R003A7-1

1850SU202M-C20R104A8-1

1850SU202M-C20R106A9-1

1850SU202M-C20R107A8-1

1850SU202M-C32R209A8-1

1850SU202M-C32R212A2-1

3-phase Un = 230 V

1850SU203M-C16R102A4-2

1850SU203M-C16R103A7-2

1850SU203M-C16R104A8-2

1850SU203M-C16R106A9-2

1850SU203M-C25R107A8-2

1850SU203M-C25R109A8-2

1850SU203M-C25R212A2-2

1850SU203M-C50R317A5-2

1850SU203M-C50R325A0-2
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Minimum enclosure volume 1) 2)Miniature circuit breakerFrameACH480-
04-… in3ABB type

--R4032A-2

--R4048A-2

3-phase Un = 400 V

1850SU203M-C10R102A7-4

1850SU203M-C10R103A4-4

1850SU203M-C10R104A1-4

1850SU203M-C10R105A7-4

1850SU203M-C16R107A3-4

1850SU203M-C16R109A5-4

1850SU203M-C25R212A7-4

1850SU203M-C50R3018A-4

1850SU203M-C50R3026A-4

--R4033A-4

--R4039A-4

--R4046A-4

1) Drives that have an Minimum Enclosure Volume listed must be mounted in an enclosure ≥ Minimum
Enclosure Volume specified in this table.

2) When multiple drives that have an Enclosure Minimum Volume specified are installed in the same
enclosure, minimum volume of the enclosure is determined by largest Enclosure Minimum Volume of
the drives to be placed in the enclosure, plus the volume(s) of each additional drive.

￭ Manual self-protected combination motor controller – Type E USA
(UL (NEC))

You can use the ABB Type E manual motor protectors (MMP) MS132 & S1-M3-25,
MS165-xx andMS5100-100as analternative to the recommended fuses as ameans
of branch circuit protection. This is in accordancewith theNational Electrical Code
(NEC). When the correct ABB Type Emanual motor protector is selected from the
table andused for branch circuit protection, thedrive is suitable for use in a circuit
capableofdeliveringnomore than65kA rmssymmetrical amperesat themaximum
rated voltage of the drive. See the table below for the appropriateMMP types and
minimumenclosure volume of IP20 / UL open type drivemounted in an enclosure.

If you use amanual motor protector for the branch circuit protection of the drive,
install the drive into a metal enclosure.
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Note: The UL Listing of drive and MMP combinations applies only to drives that
aremounted in appropriately sizedmetal enclosures that are capable of containing
any drive component failure. Wall-mounted drives with UL Type 1 kits (optional)
are not covered by the UL combination listing of drives with MMPs.

WARNING!
Use fuses for the short-circuit protection of a wall-mounted drive with the
UL Type 1 kit (optional). Serious injury, fire, or damage to equipment can
result from the use of MMPs instead of fuses.

Minimumenclosurevolume 4)

MMP type 1) 2) 3)FrameUL (NEC) type
ACH480-04-… in3dm3

1-phase Un = 230 V

185030.3MS132-6.3 & S1-M3-25R002A3-1

185030.3MS132-10 & S1-M3-25R003A5-1

185030.3MS165-16R104A6-1

185030.3MS165-16R106A6-1

185030.3MS165-20R107A4-1

185030.3MS165-25R209A3-1

185030.3MS165-32R211A6-1

3-phase Un = 230 V

185030.3MS132-6.3 & S1-M3-25R102A3-2

185030.3MS132-10 & S1-M3-25R103A5-2

185030.3MS132-10 & S1-M3-25R104A6-2

185030.3MS165-16R106A6-2

185030.3MS165-16R107A5-2

185030.3MS165-20R211A6-2

185030.3MS165-32R3017A-2

185030.3MS165-42R3024A-2

457775.0MS165-54R4031A-2

457775.0MS5100-100 / MS165-80R4046A-2

3-phase Un = 480 V

185030.3MS132-6.3 & S1-M3-25 5)R102A1-4

185030.3MS132-6.3 & S1-M3-25 5)R103A0-4
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Minimumenclosurevolume 4)

MMP type 1) 2) 3)FrameUL (NEC) type
ACH480-04-… in3dm3

185030.3MS132-10 & S1-M3-25 5)R103A5-4

185030.3MS132-10 & S1-M3-25 5)R104A8-4

185030.3MS165-16R106A0-4

185030.3MS165-16R107A6-4

185030.3MS165-20R2011A-4

185030.3MS165-32R3014A-4

185030.3MS165-42R3021A-4

457775.0MS165-54R4027A-4

457775.0MS165-65R4034A-4

457775.0MS5100-100 / MS165-80R4042A-4

1) All manual motor protectors listed are Type E self-protected up to 65 kA, except MS165-80 which is
Type E self-protected up to 50 kA. See the ABB manual motor starter catalog (1SBC100214C0201) for
complete technical data on the ABB Type Emanual motor protectors. In order for thesemanual motor
protectors to be used for branch circuit protection, they must be UL listed Type E manual motor
protectors, otherwise they can be used only as an At Motor Disconnect. “At Motor Disconnect” is a
disconnect just ahead of the motor on the load side of the panel.

2) 480Y/277Vwyesystemsonly: Short-circuit protectivedeviceswith slashvoltage ratings (e.g. 480Y/277V
AC) can be applied only in solidly grounded networks where the voltage from line-to-ground does not
exceed the lower of the two ratings (e.g. 277 V AC), and the voltage from line-to-line does not exceed
the higher of the two ratings (e.g. 480 V AC).

3) Manual motor protectors may require adjusting the trip limit from the factory setting at or above the
drive input Amps to avoid nuisance tripping. If the manual motor protector is set to the maximum
current trip level and nuisance tripping is occurring, select the next sizeMMP. (MS132-10 is the highest
size in the MS132 frame size to meet Type E at 65 kA; the next size up is MS165-16.)

4) For all drives, the enclosuremust be sized to accommodate the specific thermal considerations of the
application as well as provide free space for cooling. Refer to the technical data. For UL only: The
minimumenclosure volume is specified in theUL listingwhen appliedwith the ABBType EMMP shown
in the table. Fuses must be used for wall-mounted drives installed with a UL Type 1 kit.

5) Requires the use of the S1-M3-25 line side feeder terminal with the manual motor protector to meet
Type E self-protection class.
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Dimensions and weights

Dimensions and weights (IP20 / UL open type)Frame

WeightM2M1DWH3H2H1

lbkginmminmminmminmminmminmminmm

3.61.77.521911.97508.22082.9736.71708.82238.1205R0

3.61.77.521911.97508.22082.9736.71708.82238.1205R1

4.92.27.521912.95758.22083.8976.71708.82238.1205R2

5.52.57.521915.831488.22086.81726.71708.72208.1205R3

12.45.67.521919.212348.421310.32626.71709.52408.1205R4

Dimensions and weights (UL Type 1 kit installed)Frame

WeightM2M1DWH3H2H1

lbkginmminmminmminmminmminmminmm

4.62.17.521911.97508.22082.9739.824711.32858.1205R0

4.62.17.521911.97508.22082.9739.824711.62938.1205R1

6.02.77.521912.95758.22084.41119.824711.62938.1205R2

7.13.27.521915.831488.22087.418610.326113.03298.1205R3

15.16.97.521919.212348.421311.228412.331215.43918.1205R4

W M1

M2

Ø 5 [.21]

Ø 10 [.40]

Ø 5 [.21]

D

H
2 H
1 H
3

H1 Height back

H2 Height

H3 Height front

W Width

D Depth
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M1 Mounting hole distance

M2 Mounting hole distance

Free space requirements

Free space requirementFrame

SidesBelowAbove1)

inmminmminmm

00375375All

1) Drives with the optional UL Type 1 kit: 50 mm (2 in), measured from the top of the hood.

Losses, cooling data and noise
Drives with frame size R0 have natural convection cooling. Drives with frame size
R1…R4 have a cooling fan. The air flow direction is from bottom to top.

Frame
size

NoiseAir flowTypical power loss1)IEC type
ACH480-04-…

dB(A)CFMm3/hBTU/hW

1-phase Un = 230 V

R0< 30--1133302A4-1

R0< 30--1674903A7-1

R16333572296704A8-1

R16333573179306A9-1

R163335736210607A8-1

R25937633149209A8-1

R259376339211512A2-1

3-phase Un = 230 V

R16333571333902A4-2

R16333571945703A7-2

R16333572467204A8-2

R163335737911106A9-2

R163335735810507A8-2

R163335747814009A8-2

R259376350814912A2-2

R3667512890426517A5-2
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Frame
size

NoiseAir flowTypical power loss1)IEC type
ACH480-04-…

dB(A)CFMm3/hBTU/hW

R36675128135839825A0-2

R469881501194350032A-2

R469881501914561048A-2

3-phase Un = 400 V

R16333571504402A7-4

R16333571885503A4-4

R16333572126204A1-4

R16333573119105A7-4

R163335734110007A3-4

R163335747814009A5-4

R259376356316512A7-4

R36675128884259018A-4

R366751281331390026A-4

R469881501351396033A-4

R469881501696497039A-4

R469881501986582046A-4

R469881502293672050A-4

1) Typical drive losses when it operates at 90% of the motor nominal frequency and 100% of the drive
nominal output current.

Frame
size

NoiseAir flowTypical power loss1)UL (NEC)
type

ACH480-04-… dB(A)CFMm3/hBTU/hW

1-phase Un = 230 V

R0< 30--1133302A3-1

R0< 30--1674903A5-1

R16333572296704A6-1

R16333573179306A6-1

R163335736210607A4-1

R25937633149209A3-1

R259376339211511A6-1
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Frame
size

NoiseAir flowTypical power loss1)UL (NEC)
type

ACH480-04-… dB(A)CFMm3/hBTU/hW

3-phase Un = 230 V

R16333571333902A3-2

R16333571945703A5-2

R16333572467204A6-2

R163335737911106A6-2

R163335735810507A5-2

R259376350814911A6-2

R36675128904265017A-2

R366751281358398024A-2

R469881501194350031A-2

R469881501914561046A-2

3-phase Un = 480 V

R16333571504402A1-4

R16333571885503A0-4

R16333572126203A5-4

R16333573119104A8-4

R163335734110006A0-4

R163335747814007A6-4

R2593763563165011A-4

R36675128884259014A-4

R366751281331390021A-4

R469881501351396027A-4

R469881501696497034A-4

R469881502293672042A-4

1) Typical drive losses when it operates at 90% of the motor nominal frequency and 100% of the drive
nominal output current.

Typical power cable sizes
The tables in this section give the typical power cable and conductor sizes for use
at the nominal drive current.
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Note: IEC/EN 61800-5-1 requires two separate PE (ground) conductors for a fixed
connection, if the cross-sectional area of the PE conductor is less than 10mm2Cu.

FrameConductor size, Cu (AWG)Cable size, Cu (mm2)1)IEC type
ACH480-
04-…

1-phase Un = 230 V

R0143×1.5 + 1.502A4-1

R0143×1.5 + 1.503A7-1

R1143×1.5 + 1.504A8-1

R1143×1.5 + 1.506A9-1

R1143×1.5 + 1.507A8-1

R2143×2.5 + 2.509A8-1

R2143×2.5 + 2.512A2-1

3-phase Un = 230 V

R1143×1.5 + 1.502A4-2

R1143×1.5 + 1.503A7-2

R1143×1.5 + 1.504A8-2

R1143×1.5 + 1.506A9-2

R1143×1.5 + 1.507A8-2

R1143×2.5 + 2.509A8-2

R2143×2.5 + 2.512A2-2

R3103×6 + 617A5-2

R3103×6 + 625A0-2

R483×10 + 10032A-2

R443×25 + 16048A-2

3-phase Un = 400 V

R1143×1.5 + 1.502A7-4

R1143×1.5 + 1.503A4-4

R1143×1.5 + 1.504A1-4

R1143×1.5 + 1.505A7-4

R1143×1.5 + 1.507A3-4

R1143×2.5 + 2.509A5-4

R2143×2.5 + 2.512A7-4
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FrameConductor size, Cu (AWG)Cable size, Cu (mm2)1)IEC type
ACH480-
04-…

R3103×6 + 6018A-4

R3103×6 + 6026A-4

R483×10 + 10033A-4

R463×16 + 16039A-4

R443×25 + 16046A-4

R443×25 + 16050A-4

1) Symmetrical, shielded, three-phase copper cable.

FrameConductor size, Cu (AWG)Cable size, Cu (mm2)1)UL (NEC)
type

ACH480-
04-…

1-phase Un = 230 V

R0143×1.5 + 1.502A3-1

R0143×1.5 + 1.503A5-1

R1143×1.5 + 1.504A6-1

R1143×1.5 + 1.506A6-1

R1143×1.5 + 1.507A4-1

R2143×2.5 + 2.509A3-1

R2143×2.5 + 2.511A6-1

3-phase Un = 230 V

R1143×1.5 + 1.502A3-2

R1143×1.5 + 1.503A5-2

R1143×1.5 + 1.504A6-2

R1143×1.5 + 1.506A6-2

R1143×1.5 + 1.507A5-2

R2143×2.5 + 2.511A6-2

R3143×6 + 6017A-2

R3103×6 + 6024A-2

R483×10 + 10031A-2

R443×25 + 16046A-2
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FrameConductor size, Cu (AWG)Cable size, Cu (mm2)1)UL (NEC)
type

ACH480-
04-…

3-phase Un = 480 V

R1143×1.5 + 1.502A1-4

R1143×1.5 + 1.503A0-4

R1143×1.5 + 1.503A5-4

R1143×1.5 + 1.504A8-4

R1143×1.5 + 1.506A0-4

R1143×2.5 + 2.507A6-4

R2143×2.5 + 2.5011A-4

R3103×6 + 6014A-4

R3103×6 + 6021A-4

R483×10 + 10027A-4

R463×16 + 16034A-4

R443×25 + 16042A-4

1) Symmetrical, shielded, three-phase copper cable.

Terminal data for the power cables

PEL1, L2, L3, T1/U, T2/V, T3/W, R-, R+/
UDC+

IEC type
ACH480-
04-…

Tightening
torque

Maximum
(sol-

id/stran-
ded)

Minimum
(sol-

id/stran-
ded)

Tightening
torque

Maximum
(sol-

id/stran-
ded)

Minimum
(sol-

id/stran-
ded)

N·mmm2mm2N·mmm2mm2

1-phase Un = 230 V

1.26/44/2.50.5…0.64/2.50.5/0.502A4-1

1.26/44/2.50.5…0.64/2.50.5/0.503A7-1

1.26/44/2.50.5…0.64/2.50.5/0.504A8-1

1.26/44/2.50.5…0.64/2.50.5/0.506A9-1

1.26/44/2.50.5…0.64/2.50.5/0.507A8-1

1.26/44/2.50.5…0.64/2.50.5/0.509A8-1

1.26/44/2.50.5…0.64/2.50.5/0.512A2-1
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PEL1, L2, L3, T1/U, T2/V, T3/W, R-, R+/
UDC+

IEC type
ACH480-
04-…

Tightening
torque

Maximum
(sol-

id/stran-
ded)

Minimum
(sol-

id/stran-
ded)

Tightening
torque

Maximum
(sol-

id/stran-
ded)

Minimum
(sol-

id/stran-
ded)

N·mmm2mm2N·mmm2mm2

3-phase Un = 230 V

1.26/44/2.50.5…0.64/2.50.5/0.502A4-2

1.26/44/2.50.5…0.64/2.50.5/0.503A7-2

1.26/44/2.50.5…0.64/2.50.5/0.504A8-2

1.26/44/2.50.5…0.64/2.50.5/0.506A9-2

1.26/44/2.50.5…0.64/2.50.5/0.507A8-2

1.26/44/2.50.5…0.64/2.50.5/0.509A8-2

1.26/44/2.50.5…0.64/2.50.5/0.512A2-2

1.26/44/2.51.2…1.510/60.5/0.517A5-2

1.26/44/2.51.2…1.510/60.5/0.525A0-2

2.925/1610/62.5…3.725/160.5/0.5032A-2

2.925/1610/62.5…3.725/160.5/0.5048A-2

3-phase Un = 400 V

1.26/44/2.50.5…0.64/2.50.5/0.502A7-4

1.26/44/2.50.5…0.64/2.50.5/0.503A4-4

1.26/44/2.50.5…0.64/2.50.5/0.504A1-4

1.26/44/2.50.5…0.64/2.50.5/0.505A7-4

1.26/44/2.50.5…0.64/2.50.5/0.507A3-4

1.26/44/2.50.5…0.64/2.50.5/0.509A5-4

1.26/44/2.50.5…0.64/2.50.5/0.512A7-4

1.26/44/2.51.2…1.510/60.5/0.5018A-4

1.26/44/2.51.2…1.510/60.5/0.5026A-4

2.925/1610/62.5…3.725/160.5/0.5033A-4

2.925/1610/62.5…3.725/160.5/0.5039A-4

2.925/1610/62.5…3.725/160.5/0.5046A-4

2.925/1610/62.5…3.725/160.5/0.5050A-4
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PEL1, L2, L3, T1/U, T2/V, T3/W, R-, R+/
UDC+

UL (NEC)
type
ACH480-
04-… Tightening

torque
MaximumMinimumTightening

torque
MaximumMinimum

lbf·inAWGAWGlbf·inAWGAWG

1-phase Un = 230 V

10.610125101802A3-1

10.610125101803A5-1

10.610125101804A6-1

10.610125101806A6-1

10.610125101807A4-1

10.610125101809A3-1

10.610125101811A6-1

3-phase Un = 230 V

10.610125101802A3-2

10.610125101803A5-2

10.610125101804A6-2

10.610125101806A6-2

10.610125101807A5-2

10.610125101811A6-2

10.6101211…13618017A-2

10.6101211…13618024A-2

25.74822…32218031A-2

25.74822…32218046A-2

3-phase Un = 480 V

10.610125101802A1-4

10.610125101803A0-4

10.610125101803A5-4

10.610125101804A8-4

10.610125101806A0-4

10.610125101807A6-4

10.6101251018011A-4

10.6101211…13618014A-4
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PEL1, L2, L3, T1/U, T2/V, T3/W, R-, R+/
UDC+

UL (NEC)
type
ACH480-
04-… Tightening

torque
MaximumMinimumTightening

torque
MaximumMinimum

lbf·inAWGAWGlbf·inAWGAWG

10.6101211…13618021A-4

25.74822…32218027A-4

25.74822…32218034A-4

25.74822…32218042A-4

Note:

• The minimum specified wire size does not necessarily have sufficient current
carrying capacity at maximum load.

• The terminals do not accept a conductor that is one size larger than the
maximum specified wire size.

• The maximum number of conductors per terminal is 1.

Terminal data for the control cables
This table shows the control cable terminal dataof the standarddrive variant, that
is, the base unit with RIIO-01 I/O & EIA-485 module.

TorqueWire size

lbf·inN·mAWGmm2

4.4…5.30.5…0.626…160.14…1.5

Electrical power network specification

Input voltage range:
ACH480-04-xxxx-1 drives: 1-phase 200… 240 V AC -15%… +10%.

Voltage (U1)

ACH480-04-xxxx-2 drives: 3-phase 200… 240 V AC -15%… +10%.

ACH480-04-xxxx-4 drives: 3-phase 380 … 480 V AC -15%… +10%.

Public low voltage networks. Symmetrically grounded TN-S system,
IT (ungrounded), corner-grounded delta. Consult ABB before con-
necting to other systems (for example, TT, or midpoint grounded
delta).

Network type
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65 kA when protected by fuses given in the fuse tables.Rated conditional
short-circuit current
Icc(IEC 61800-5-1)

US and Canada: The drive is suitable for use on a circuit capable of
delivering notmore than 100 kA symmetrical amperes (rms) at 480V
maximum when protected by fuses given in the fuse table.

Maximum prospect-
ive short-circuit cur-
rent rating (SCCR)
(UL 61800-5-1,
CSA C22.2 No. 274-13)

Refer to Compliance with the harmonic current limits in a public
network (IEC/EN 61000 3-2, IEC/EN 61000-3-12) (page 177).

Harmonic current
limits in public net-
work
(IEC/EN 61000-3-2,
IEC/EN 61000-3-12)

Refer to Input chokes (page 205) for general guidelines on theuseof
the choke.

Input choke

Use an input choke, if the short-circuit capacity of the network at
the drive terminals is more than specified in this table:

R3, R4R0, R1, R2Input voltage

->1.5 kA1-phase 200… 240 V

>7.5 kA>5.0 kA3-phase 200… 240 V

>10 kA>5.0 kA3-phase 380 … 480 V

Suitable chokes are given in this manual. You can use one choke for
several drives if the short-circuit capacity at the drive terminals is
decreased to the value in the table.

47 … 63 Hz, maximum rate of change 2%/sFrequency (f1)

Max. ±3% of nominal phase to phase input voltageImbalance

0.98 (at nominal load)Fundamental power
factor (cos phi)

Motor connection data

AsynchronousAC inductionmotors, permanentmagnetsynchronous
motors or ABB synchronous reluctance motors (SynRMmotors)

Motor type

0… U1, 3-phase symmetricalVoltage (U2)

The motor output is short-circuit proof by IEC 61800-5-1 and UL
61800-5-1.

Short-circuit protec-
tion (IEC 61800-5-1,
UL 61800-5-1)

0 … 599 HzFrequency (f2)

0.01 HzFrequency resolution
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See the electrical ratings given in this manual.Current

2, 4, 8, or 12 kHzSwitching frequency

￭ Motor cable length

Operational functionality and motor cable length

Thedrive is designed tooperatewith optimumperformancewith thesemaximum
motor cable lengths. The values are valid for 4 kHz switching frequency.

Note: Conducted and radiated emissions of these motor cable lengths do not
comply with the EMC requirements of IEC/EN 61800-3.

Maximummotor cable lengthFrame

ftm

Standard drive, without external options

328100R0…R4

Note: In multimotor systems, the calculated sum of all motor cable lengths must
not exceed the maximummotor cable length given in the table.

EMC compatibility and motor cable length

To comply with the EMC requirements of IEC/EN 61800-3, do not exceed these
maximummotor cable lengths. The values are valid for 4 kHz switching frequency.

Maximummotor cable length, 4 kHzFrame

C3C2C11)

ftmftmftm

With internal EMC filter

1-phase 200… 240 V

33103310--R0

33103310--R1

33103310--R2

3-phase 380 … 480 V

98303310--R1

66203310--R2

98303310--R3

98303310--R4
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Maximummotor cable length, 4 kHzFrame

C3C2C11)

ftmftmftm

With optional external EMC filter

1-phase 200… 240 V

331033103310R0

331033103310R1

------R2

3-phase 200… 240 V

66206620--R1

66206620--R2

66206620--R3

66206620--R4

3-phase 380 … 480 V

131401314013140R1

131401314013140R2

131401314013140R3

983098309830R4

1) Category C1 with conducted emissions only. Radiated emissions are not compatible when measured
with the standard emission measurement setup and must be measured on cabinet and machine
installations for each case.

Brake resistor connection data

The brake resistor output is conditionally short-circuit proof by
IEC/EN 61800-5-1 and UL 61800-5-1.

Short-circuit protec-
tion (IEC 61800-5-1,
IEC 60439-1,
UL 61800-5-1)

Rated conditional short-circuit current is as defined in IEC 60439-1.
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Control connection data
Thedata is valid for the standarddrive variant (base unit equippedwith theRIIO-01
I/O & EIA-485 module).

0… 10 V DC (10% overrange, 11 V DC max.)Voltage signal, single-
ended

Analog inputs (AI1,
AI2) Rin = 221.6 kohm

0… 20 mA (10% overrange, 22 mA max.)Current signal, single-
ended Rin = 137 ohm

≤ 1.0%, of full scaleInaccuracy

up to 30 V DCOvervoltage protec-
tion

10 V DC ±1%, max. load current 10 mAPotentiometer refer-
ence value

0… 20mA (10% overrange, 22mAmax.) into
500 ohm load (AO2 only supports output
current)

Current output modeAnalog output (AO1,
AO2)

0… 10 V DC (10% overrange, 11 V DC max.)
into 200 kohmminimum load (resistive)

Voltage output mode

≤ 2%, of full scaleInaccuracy

+24 V DC ±10%,max. 250mA (frombase unit
and/or RIIO-01 module)

As outputAuxiliary power out-
put or input (+24V,
DGND)

+24 V DC ±10%, max. 1000 mA (incl. internal
fan load)

As input (optional
BAPO-01 module re-
quired)

12 … 24 V DC (int. or ext. supply) max. 30 V
DC.

VoltageDigital inputs
(DI1…DI6)

PNP and NPNType

Rin = 2 kohmInput impedance

12 … 24 V DC (int. or ext. supply) max. 30 V
DC.

VoltageDI5 (digital or fre-
quency input)

PNP and NPNType

Rin = 2 kohmInput impedance

10 … 16 kHzMax. frequency

1 form C (NO + NC)TypeRelay output (RO1,
RO2, RO3)

250 V AC / 30 V DCMax. switching
voltage

2 A (non inductive)Max. switching cur-
rent
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Refer to The Safe torque off function (page 227)Safe torqueoff (STO)
interface (SGND, IN1,
IN2, OUT1)

Connector pitch 5 mm, maximum wire size 2.5 mm2 (14 AWG)EIA-485 embedded
fieldbus (A+, B-,
DGND)

Physical layer: RS-485

Cable type: Shielded twisted pair cable with twisted pair for data
and a wire or pair for signal ground, nominal impedance
100 … 165 ohm, for example Belden 9842

Transmission rate: 9.6 … 115.2 kbit/s

Termination by switch

USB Type A – Type Mini-B cable, maximum cable length 3 m (9.8 ft)Control panel - PC
connection

Energy efficiency data (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 the 1~230 V drives. The drives with one
phase input are not in the scope of the EU ecodesign requirements (Regulation
EU/2019/1781) or the UK ecodesign requirements (Regulation SI 2021 No. 745).

Protection classes

IP20. The drive must be installed in a cabinet to fulfill the require-
ments for shielding from contact.

Degree of protection
(IEC/EN 60529)

UL open type. For indoor use only. UL Type 1 kit is available as an
option.

Enclosure types
(UL 61800-5-1)

lllOvervoltagecategory
(IEC 60664-1)

lProtective classes
(IEC/EN 61800-5-1)

Ambient conditions
Environmental limits for the drive are given below. The drive must be used in a
heated indoor controlled environment.
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Transportation in the
protective package

Storage in the pro-
tective package

Operation installed
for stationary use

Requirement

--230 V drives:
0 … 2000 m
(0 … 6562 ft) above
sea level (with output
derating above
1000 m [3281 ft])

Installation site alti-
tude

400/480 V drives:
0 … 4000 m
(0 … 13123 ft) above
sea level (with output
derating above
1000 m [3281 ft])

See Output derat-
ing (page 135).

-40 … +70 °C ±2%-40… +70 °C ±2%-10 … +60 °C
(14 … 140 °F). For
frame R0,
-10 … +50 °C
(14 … 122 °F).

Surrounding air tem-
perature (-40 … +158 °F ±2%)(-40 … +158 °F ±2%)

If the temperature is
more than 50 °C
(122 °F), output derat-
ing is necessary. See
Output derat-
ing (page 135).

No frost permitted.

Max. 95%Max. 95%5… 95%Relative humidity

No condensation permitted. Maximum permitted relative humidity
is 60% in the presence of corrosive gases.

IEC 60721-3-2: 1997IEC 60721-3-1: 1997IEC 60721-3-3: 2002Contamination levels
(IEC 60721-3-x)

Class 2C2Class 1C2Class 3C2- Chemical gases

Class 2S2Class 1S3. (packing
must support this,
otherwise 1S2)

Class3S2.Noconduct-
ive dust permitted.

- Solid particles

--Pollution degree 2Pollution degree
(IEC/EN 61800-5-1)
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Transportation in the
protective package

Storage in the pro-
tective package

Operation installed
for stationary use

Requirement

--frequency
10 … 150 Hz;

Sinusoidal vibration
(IEC 60068-2-6, Test
Fc 2007-12) amplitude±0.075mm

(0.003 in),
10 … 57,56 Hz;

constantpeakacceler-
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

According to ISTA 1A.According to ISTA 1A.Not permittedShock/(IEC 60068-2-
27, ISTA 1A) Max. 100 m/s2

(330 ft/s2), 11 ms.
Max. 100 m/s2

(330 ft/s2), 11 ms.

76 cm (30 in)76 cm (30 in)-Free fall

Storage conditions
Store the drive in humidity controlled enclosed environments. Keep the drive in
its package.

Materials

￭ Drive

Refer to ACx480 drives recycling instructions and environmental information
(3AXD50000102372 [English]).

￭ Drive package

• Cardboard

• Molded pulp

• PE (suspension film package, plastic bag).

￭ Package materials for options, accessories and spare parts

• Cardboard

• Kraft paper
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• PP (straps)

• PE (film, bubble wrap)

• Plywood, wood (only for heavy components).

Materials vary according to the item type, size and shape. Typical package consists
of a cardboard box with paper filling or bubble wrap. ESD-safe packing materials
are used for printed circuit boards and similar items.

￭ Materials of manuals

Printed product manuals are made of recyclable paper. Product manuals are
available on the Internet.

Disposal
The main parts of the drive can be recycled to preserve natural resources and
energy. Product parts and materials should be dismantled and separated.

Generally all metals, such as steel, aluminum, copper and its alloys, and precious
metals canbe recycledasmaterial. Plastics, rubber, cardboardandotherpackaging
material can be used in energy recovery.

Printed circuit boards and DC capacitors need selective treatment according to
IEC 62635 guidelines.

To aid recycling, most plastic parts aremarkedwith an appropriate identification
code. In addition, components containing substancesof very high concern (SVHCs)
are listed in EuropeanChemicals Agency's SCIP database. SCIP is the database for
information on Substances of Concern In articles as such or in complex objects
(Products) established under the Waste Framework Directive (2008/98/EC). For
further information, contact your local ABB distributor or consult European
Chemicals Agency's SCIP database to find out which SVHCs are used in the drive,
and to find out where those components are located.

Contact your local ABB distributor for further information on environmental
aspects. End of life treatment must follow international and national regulations.

For more information on ABB end of life services, refer to
new.abb.com/service/end-of-life-services.

Applicable standards
The drive complies with the following standards:

Safety of machinery – Safety related parts of the control systems –
Part 1: general principles for design

EN ISO 13849-1:2015

Safety of machinery – Safety-related parts of the control systems –
Part 2: Validation

EN ISO 13849-2:2012
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Safety of machinery. Electrical equipment of machines. Part 1: Gen-
eral requirements. Provisions for compliance: The final assembler
of the machine is responsible for installing

• an emergency-stop device
• a supply disconnecting device

EN 60204-1:2006 +
A1:2009 + AC:2010

Safety of machinery – Functional safety of safety-related electrical,
electronic and programmable electronic control systems

EN 62061:2005 +
AC:2010 + A1:2013 +
A2:2015

Adjustable speedelectrical powerdrive systems. Part 3: EMC require-
ments and specific test methods

EN 61800-3:2004 +
A1:2012

IEC 61800-3:2004 +
A1:2011

Adjustable speed electrical power drive systems – Part 5-1: Safety
requirements – Electrical, thermal and energy

IEC/EN 61800-5-
1:2007+AMD1:2016

EN 61800-5-
1:2007+A1:2017+A11:2021

Adjustable speedelectrical powerdrive 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 61800-9-2:2017

UL Standard for adjustable speed electrical power drive systems –
Part 5-1: Safety requirements – Electrical, thermal and energy

ANSI/UL 61800-5-
1:2015

Adjustable speed drivesCSA C22.2 No. 274-17

Markings
The applicable markings are shown on the type designation label of the drive.

CE mark

Product complies with the applicable European Union legislation. For fulfilling
the EMC requirements, see the additional information concerning the drive EMC
compliance (IEC/EN 61800-3).

UKCA (UK Conformity Assessed) mark

Product complies with the applicable United Kingdom’s legislation (Statutory In-
struments). Marking is required for products being placed on themarket in Great
Britain (England, Wales and Scotland).

TÜV Safety Approved mark (functional safety)

Product contains Safe torque off and possibly other (optional) safety functions
which are certified by TÜV according to the relevant functional safety standards.
Applicable to drives and inverters; not applicable to supply, brake or DC/DC con-
verter units or modules.
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UL Listed mark for USA and Canada

Product has been tested and evaluated against the relevant North American
standardsby theUnderwriters Laboratories. Validwith rated voltagesup to600V.

RCMmark

Product complieswith Australian andNewZealand requirements specific to EMC,
telecommunications and electrical safety. For fulfilling the EMC requirements,
see the additional information concerning the drive EMC compliance
(IEC/EN 61800-3).

CMIM mark

Product complies with Morocco's safety standard for marketing of toys and
electrical products.

EAC (Eurasian Conformity) mark

Product complies with the technical regulations of the Eurasian Customs Union.
EAC mark is required in Russia, Belarus and Kazakhstan.

Electronic Information Products (EIP) symbol including an Environment Friendly
Use Period (EFUP).

Product is compliant with the People’s Republic of China Electronic Industry
Standard (SJ/T 11364-2014) about hazardous substances. The EFUP is 20 years.
ChinaRoHS II DeclarationofConformity is available fromhttps://library.abb.com.

WEEE mark

At the end of life the product should enter the recycling system at an appropriate
collection point and not placed in the normal waste stream.

KC mark

Product complieswithKoreanRegistrationofBroadcasting andCommunications
Equipment Clause 3, Article 58-2 of Radio Waves Act.

BTL (BACnet Testing Laboratories) mark

Product has BACnet conformance certificate.
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￭ Compliance with the harmonic current limits in a public network
(IEC/EN 61000 3-2, IEC/EN 61000-3-12)

3-phase 230 V, 400 V or 480 V drive with the input choke

The drive complies with IEC 61000-3-12 provided that the short-circuit ratio Rsce
is greater than or equal to value 350 at the interface point between the user's
supply and the public system. It is the responsibility of the installer or user of the
equipment to ensure, by consultation with the distribution network operator if
necessary, that the short-circuit ratio Rsce is greater than or equal to 350.

The Rsce value meets the requirement if the short-circuit power at the interface
point between the user's supply and the public system is equal or bigger than the
value Scs calculated as follows:

where:

Minimum short-circuit power limitScs

Short-circuit ratioRsce

Equipment (drive) input powerSeq

Drive nominal input current with the input chokeI1n

Drive input voltageU1

3-phase 230 V, 400 V or 480 V drive without the input choke

Refer to 1-phase 230 V drive with or without the input choke (page 177).

1-phase 230 V drive with or without the input choke

Do a harmonic current assessment for the whole system that the drive is part of,
and make sure that the harmonic current limits are not exceeded at the interface
point between the user's supply and the public system. Based on results, consider
the use of the input choke with the drive. If the assessment is not possible, you
can connect the drive to the public network if you have a permission from the
network operator.

Always use the input choke if the short circuit capacity of the network at the drive
input terminals exceeds the limit specified for the drive. Refer to Input
choke (page 167) in section Electrical power network specification (page 166).

EMC compliance (IEC/EN 61800-3:2004 + A1:2012)

￭ Definitions

EMC stands for Electromagnetic Compatibility. It is the ability of
electrical/electronic equipment to operate without problems within an
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electromagnetic environment. Likewise, the equipment must not disturb or
interfere with any other product or system within its locality.

First environment includes establishments connected to a low-voltage network
which supplies buildings used for domestic purposes.

Secondenvironment includesestablishmentsconnected toanetworknotsupplying
domestic premises.

Drive of category C1: drive of rated voltage less than 1000 V and intended for use
in the first environment.

Drive of category C2: drive of rated voltage less than 1000 V and intended to be
installed and started up only by a professional when used in the first environment.

Note:Aprofessional is a personor organization having necessary skills in installing
and/or starting up power drive systems, including their EMC aspects.

Drive of category C3: drive of rated voltage less than 1000 V and intended for use
in the second environment and not intended for use in the first environment.

Drive of category C4: drive of rated voltage equal to or above 1000 V, or rated
current equal to or above 400 A, or intended for use in complex systems in the
second environment.

￭ Category C1

The drive complies with the conducted emission limits of the standard with the
following provisions:

1. The optional EMC filter is selected according to External EMC filter, and the
filter is installed as specified in the EMC filter manual.

2. Themotor and control cables are selected as specified in thismanual. The EMC
recommendations are obeyed.

3. The maximummotor cable length does not exceed the specified maximum
value. See EMC compatibility and motor cable length (page 168)

4. The drive is installed according to the instructions (IEC) given in this manual.

This product can cause radio-frequency inference. In a residential or domestic
environment, supplementary mitigationmeasuresmay be required in addition to
the requirements listed above for the CE compliance.

￭ Category C2

This is applicable to drives with an internal EMC C2 filter. The filter is included in
all drive types. But in UL (NEC) drive types the filter is disconnected at the factory.
If necessary, the user can connect the filter.

The drive complies with the standard with the following provisions:
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1. Themotor and control cables are selected as specified in thismanual. The EMC
recommendations are obeyed.

2. The maximummotor cable length does not exceed the specified maximum.
See EMC compatibility and motor cable length (page 168)

3. The drive is installed according to the instructions (IEC) given in this manual.

This product can cause radio-frequency inference. In a residential or domestic
environment, supplementary mitigationmeasuresmay be required in addition to
the requirements listed above for the CE compliance.

WARNING!
Do not install a drive with the internal EMC filter connected to a grounding
system that the EMC filter is not compatiblewith (for example, an IT system).
The supply network becomes connected to ground potential through the
internal EMC filter capacitors, which can cause danger or damage to the
drive.

WARNING!
To prevent radio-frequency interference, do not use a category C2 drive on
a low-voltage public network that supplies domestic premises.

￭ Category C3

The drive has an internal EMC C2 filter as standard. No EMC C3 filter for category
C3 is available.

￭ Category C4

If the provisions in category 2 or 3 are not met, the requirements of the standard
can be met as follows:

1. It is ensured that no excessive emission is propagated to neighboring
low-voltagenetworks. In somecases, the inherent suppression in transformers
andcables is sufficient. If indoubt, the supply transformerwith 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

Medium voltage network1

Neighboring network2

Point of measurement3

Low voltage4

Equipment (victim)5

Equipment6

Supply transformer7

Static screen8

Drive9

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 as specified in this manual. For the
best EMC performance, the EMC recommendations are obeyed.

4. The drive is installed according to the instructions given in this manual.

WARNING!
Do not install a drive with the internal EMC filter connected to a grounding
system that the EMC filter is not compatiblewith (for example, an IT system).
The supply network becomes connected to ground potential through the
internal EMC filter capacitors, which can cause danger or damage to the
drive.

WARNING!
To prevent radio-frequency interference, do not use a category C4 drive on
a low-voltage public network that supplies domestic premises.
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UL checklist

WARNING!
Operation of this drive requires detailed installation and operation
instructions provided in the hardware and software manuals. The manuals
are provided in electronic format in the drive package or on the Internet.
Keep themanuals with the drive at all times. Hard copies of themanuals can
be ordered through the manufacturer.

• Make sure that thedrive typedesignation label includes theapplicablemarking.

• DANGER - Risk of electric shock. After disconnecting the input power, always
wait for 5 minutes to let the intermediate circuit capacitors discharge before
you start working on the drive, motor or motor cable.

• The drive is to be used in a heated, indoor controlled environment. The drive
must be installed in clean air according to the enclosure classification. Cooling
air must be clean, free from corrosive materials and electrically conductive
dust.

• The maximum surrounding air temperature is 50 °C at rated output current.
The output current is derated for 50…60 °C in drives with frame size R1…R4.

• The drive is suitable for use in a circuit capable of delivering not more than
100000 rmssymmetrical amperes, 480Vmaximum(480Vdrive types) or 240V
maximum (240 V drive types)when protected by theUL fuses given elsewhere
in this chapter. The ampere ratings of the protections are based on fault tests
done according to the appropriate UL standard.

• The drive is suitable for use on a circuit capable of delivering not more than
65000 rms symmetrical amperes, 480Y/277 V maximum (480 V drive types),
when protected by a Type E combination motor controller specified by ABB.

• The cables located within the motor circuit must be rated for at least 75 °C in
UL-compliant installations.

• The input cable must be protected with UL-rated fuses, or the ABB Type E
manualmotor protectors (MMP) listed in thismanual. The fuses or themanual
motor protectors provide branch circuit protection in accordance with the
National Electrical Code (NEC) and Canadian Electrical Code. Obey also any
other applicable local or provincial codes.

WARNING!
Theopeningof thebranch-circuit protective devicemaybean indication
that a fault current has been interrupted. To reduce the risk of fire or
electric shock, current-carryingparts andother componentsof thedevice
should be examined and replaced if damaged.
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• The integral solid state short circuit protection of the drive does not provide
branch circuit protection. Branch circuit protection must be provided in
accordance with the National Electrical Code and any additional local codes.

• The drive provides motor overload protection. For adjustments, see the
firmware manual.

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 ordinarywear and tear.

￭ Cyber security disclaimer

This product is designed tobe connected to and to communicate information and
data via a network interface. It is Customer's sole responsibility to provide and
continuously ensure a secure connection between the product and Customer
network or any other network (as the case may be). Customer shall establish and
maintain any appropriate measures (such as but not limited to the installation of
firewalls, application of authenticationmeasures, 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.

ABB and its affiliates are not liable for damages and/or losses related to such
security breaches, anyunauthorizedaccess, interference, intrusion, leakageand/or
theft of data or information.
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Declarations of conformity

Link to Declaration of conformity according to EU Machinery
Directive 2006/42/EC 3AXD10000776487

Link to Declaration of conformity according to UK Supply of
Machinery (Safety) Regulations 2008 3AXD10001329519
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Dimension drawings

Contents of this chapter
The chapter contains the dimension drawings of the drive. The dimensions are in
millimeters and inches.
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Frame R0

￭ Frame R0 (front & side) - IP20 / UL open type
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￭ Frame R0 (bottom & rear) - IP20 / UL open type
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Frame R1

￭ Frame R1 (front & side) - IP20 / UL open type
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￭ Frame R1 (bottom & rear) - IP20 / UL open type
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￭ Frame R1 (front & side) - UL Type 1 kit installed
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￭ Frame R1 (bottom & rear) - UL Type 1 kit installed
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Frame R2

￭ Frame R2 (front & side) - IP20 / UL open type
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￭ Frame R2 (bottom & rear) - IP20 / UL open type
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￭ Frame R2 (front & side) - UL Type 1 kit installed
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￭ Frame R2 (bottom & rear) - UL Type 1 kit installed
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Frame R3

￭ Frame R3 (front & side) - IP20 / UL open type
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￭ Frame R3 (bottom & rear) - IP20 / UL open type
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￭ Frame R3 (front & side) - UL Type 1 kit installed
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￭ Frame R3 (bottom & rear) - UL Type 1 kit installed
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Frame R4

￭ Frame R4 (front & side) - IP20 / UL open type
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￭ Frame R4 (bottom & rear) - IP20 / UL open type
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￭ Frame R4 (front & side) - UL Type 1 kit installed
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￭ Frame R4 (bottom & rear) - UL Type 1 kit installed
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Input chokes

Contents of this chapter
This chapter describes how to select and install input chokes for the drive. The
chapter also contains the technical data of the input chokes.

When is an input choke necessary?
Determine the need for an external input choke at the drive power input on a
case-by-case basis. The input chokes are used:

• to protect the drive in networkswith high short-circuit capacity. Refer to Input
choke (page 167) in sectionElectrical power network specification (page 166).

• to reduceharmonic current emissions. Refer toCompliancewith theharmonic
current limits in a public network (IEC/EN 61000 3-2, IEC/EN
61000-3-12) (page 177).

• to reduce the rms value of input current. Refer to Maximum input
current (page 205).

• to reduce supply disturbance and low-frequency interference

• in common DC configurations.

Maximum input current
Input current (I1) of the drive depends on these items:

• motor actual shaft power and efficiency
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• power output (or input) via DC connection to other drives in the common DC
setup

• network impedance (short circuit capacity) effect on total harmonics content
of the input current. Refer to Electrical power network specification (page 166)
for more information.

Beloware themaximumcontinuous input current values (rms) allowed fordifferent
drive types. If the actual continuous input current is higher (eg, due to very low
efficiency of the motor), it is possible to use an input choke to reduce the input
current rms value.

￭ IEC

3-phase
400 V AC

3-phase
230 V AC

1-phase
230 V AC

I1
ACH480-…

I1
ACH480-…

I1
ACH480-…

AAA

3.502A7-43.402A4-25.502A3-1

4.803A4-44.503A7-27.403A5-1

6.104A1-45.704A8-29.104A8-1

8.505A7-47.806A9-212.606A6-1

10.107A3-49.307A8-214.907A4-1

12.909A5-412.809A8-221.009A3-1

16.512A7-416.012A2-221.011A6-1

23.4018A-420.717A5-2--

31.8026A-427.225A0-2--

40.7033A-437.4032A-2--

49.0039A-453.2048A-2--

55.7046A-4----

55.7050A-4----
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￭ UL (NEC)

3-phase
480 V AC

3-phase
200…240 V AC

1-phase
200…240 V AC

I1
ACH480-…

I1
ACH480-…

I1
ACH480-…

AAA

2.702A1-43.502A3-25.502A3-1

3.903A0-44.803A5-27.403A5-1

4.503A5-45.804A6-29.104A6-1

6.604A8-48.406A6-212.606A6-1

6.206A0-49.407A5-214.907A4-1

9.807A6-413.111A6-221.009A3-1

13.9011A-421.0017A-221.011A6-1

18.8014A-430.5024A-2--

26.6021A-437.4031A-2--

33.7027A-453.2046A-2--

41.3034A-4----

46.3042A-4----

Selecting an input choke
Select the input choke according to the drive type.

Input choke typeFrameACH480-…
C
H
K
-0
7

C
H
K
-0
6

C
H
K
-0
5

C
H
K
-0
4

C
H
K
-0
3

C
H
K
-0
2

C
H
K
-0
1

C
H
K
-D
1

C
H
K
-C
1

C
H
K
-B
1

C
H
K
-A
1

1-phase Un = 230 V

xR002A4-1

xR003A7-1

xR104A8-1

xR106A9-1

xR107A8-1
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Input choke typeFrameACH480-…

C
H
K
-0
7

C
H
K
-0
6

C
H
K
-0
5

C
H
K
-0
4

C
H
K
-0
3

C
H
K
-0
2

C
H
K
-0
1

C
H
K
-D
1

C
H
K
-C
1

C
H
K
-B
1

C
H
K
-A
1

xR209A8-1

xR212A2-1

3-phase Un = 230 V

xR102A4-2

xR103A7-2

xR104A8-2

xR106A9-2

xR107A8-2

xR109A8-2

xR212A2-2

xR317A5-2

xR325A0-2

xR4032A-2

xR4048A-2

3-phase Un = 400 V

xR102A7-4

xR103A4-4

xR104A1-4

xR105A7-4

xR107A3-4

xR109A5-4

xR212A7-4

xR318A4-4

xR326A4-4

xR4033A-4

xR4039A-4

xR4046A-4
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Input choke typeFrameACH480-…

C
H
K
-0
7

C
H
K
-0
6

C
H
K
-0
5

C
H
K
-0
4

C
H
K
-0
3

C
H
K
-0
2

C
H
K
-0
1

C
H
K
-D
1

C
H
K
-C
1

C
H
K
-B
1

C
H
K
-A
1

xR4050A-4

Thedegree of protection of an input choke is IP20. Refer toDimensions (page 210)
for dimensions, wire sizes and tightening torques.

Guidelines for installing an input choke
Obey these guidelines when you install the input choke:

• If an external EMC filter is also installed, connect the input choke between the
supply and the filter.

• For optimal operationof the choke, fasten thedrive and the chokeon the same
conductive surface.

• Make sure that the choke does not prevent the airflow through the drive
module, and that the hot air rising from the choke cannot enter the air inlet of
the drive module.

• Keep the cable between the drive and the choke as short as possible.

WARNING!
The input choke is hot when in use and for some time after the use.
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￭ Connection diagram

2

3

4

1

L1 L2 L3 PE

PEWVU

X Y Z

PEU1 V1 W1

AC supply1

Input choke2

External EMC filter (if present)3

Drive4

Dimensions
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Input choke type

CHK-08CHK-07CHK-06CHK-05CHK-04CHK-03CHK-02CHK-01

249
(9.80)

249
(9.80)

207
(8.15)

207
(8.15)

150
(5.91)

150
(5.91)

150
(5.91)

120
(4.72)

Dim A mm (in.)

346
(13.62)

326
(12.83)

326
(12.83)

272
(10.71)

175
(6.89)

175
(6.89)

175
(6.89)

146
(5.75)

Dim B mm (in.)

167
(6.57)

167
(6.57)

154
(6.06)

154
(6.06)

100
(3.94)

100
(3.94)

86
(3.39)79 (3.11)Dim C mm (in.)

235
(9.25)

235
(9.25)

193
(7.60)

193
(7.60)

105
(4.13)

105
(4.13)

105
(4.13)

77
(3.03)

Dim Dmm (in.)

147
(5.79)

125
(4.92)

169
(6.65)

118
(4.65)

148
(5.83)

148
(5.83)

148
(5.83)

114
(4.49)

Dim E mm (in.)

M6M6M6M6M5M5M5M5F screw size

16
(35)

14
(31)

12
(26.5)

10
(22)

5.2
(11.5)

5.4
(11.9)

3.8
(8.4)

1.8
(4.0)

Weight kg (lbs)

25…5025…501.5…351.5…350.5…100.5…100.5…100.5…10
Wire size

(6…0)(6…0)(16…0)(16…0)(20…6)(20…6)(20…6)(20…6)
Main terminals

mm2 (AWG)

6
(53)

6
(53)

3.2
(28)

3.2
(28)

1.5
(13)

1.5
(13)

1.5
(13)

1.5
(13)

Tightening
torque

Main terminals

N·m (lbf·in)

M8M6M6M6M5M5M5M4PE/Chassis ter-
minals

15
(135)

8
(70)

8
(70)

8
(70)

4
(35)

4
(35)

4
(35)

3
(26)

Tightening
torque

PE/Chassis ter-
minals

N·m (lbf·in)
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External EMC filters

Contents of this chapter
This chapter describes how to select external EMC filters for the drive.

Selecting the external EMC filter
If you use an external EMC filter, youmust disconnect the internal EMC filter. Refer
to the electrical installation instructions.

Select the external EMC filter according to the drive type:

EMC filter typeIEC type
ACH480-…

Schaffner order codeABB order code

1-phase Un = 230 V

FS 21754-6.1-07RFI-1102A4-1

FS 21754-16.1-07RFI-1203A7-1

FS 21754-16.1-07RFI-1204A8-1

FS 21754-16.1-07RFI-1206A9-1

FS 21754-16.1-07RFI-1207A8-1

3-phase Un = 230 V

FN 3258-16-44RFI-3202A4-2

FN 3258-16-44RFI-3203A7-2

FN 3258-16-44RFI-3204A8-2
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EMC filter typeIEC type
ACH480-…

Schaffner order codeABB order code

FN 3258-16-44RFI-3206A9-2

FN 3258-16-44RFI-3207A8-2

FN 3258-16-44RFI-3209A8-2

FN 3258-30-33RFI-3312A2-2

FN 3258-30-33RFI-3317A5-2

FN 3258-30-33RFI-3325A0-2

FN 3258-100-35RFI-34032A-2

FN 3258-100-35RFI-34048A-2

3-phase Un = 400 V

FN 3258-16-44RFI-3202A7-4

FN 3258-16-44RFI-3203A4-4

FN 3258-16-44RFI-3204A1-4

FN 3258-16-44RFI-3205A7-4

FN 3258-16-44RFI-3207A3-4

FN 3258-16-44RFI-3209A5-4

FN 3258-30-33RFI-3312A7-4

FN 3258-30-33RFI-33018A-4

FN 3258-30-33RFI-33026A-4

FN 3258-100-35RFI-34033A-4

FN 3258-100-35RFI-34039A-4

FN 3258-100-35RFI-34046A-4

FN 3258-100-35RFI-34050A-4

EMC filter typeUL (NEC)
type

ACH480-… Schaffner order codeABB type code

1-phase Un = 230 V

FS 21754-6.1-07RFI-1102A3-1

FS 21754-16.1-07RFI-1203A5-1

FS 21754-16.1-07RFI-1204A6-1

FS 21754-16.1-07RFI-1206A6-1

FS 21754-16.1-07RFI-1207A4-1
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EMC filter typeUL (NEC)
type

ACH480-… Schaffner order codeABB type code

3-phase Un = 230 V

FN 3258-16-44RFI-3202A3-2

FN 3258-16-44RFI-3203A5-2

FN 3258-16-44RFI-3204A6-2

FN 3258-16-44RFI-3206A6-2

FN 3258-16-44RFI-3207A5-2

FN 3258-30-33RFI-3311A6-2

FN 3258-30-33RFI-33017A-2

FN 3258-30-33RFI-33024A-2

FN 3258-100-35RFI-34031A-2

FN 3258-100-35RFI-34046A-2

3-phase Un = 480 V

FN 3268-16-44RFI-3202A1-4

FN 3268-16-44RFI-3203A0-4

FN 3268-16-44RFI-3203A5-4

FN 3268-16-44RFI-3204A8-4

FN 3268-16-44RFI-3206A0-4

FN 3268-16-44RFI-3207A6-4

FN 3268-30-33RFI-33011A-4

FN 3268-30-33RFI-33014A-4

FN 3268-30-33RFI-33021A-4

FN 3258-100-35RFI-34027A-4

FN 3258-100-35RFI-34034A-4

FN 3258-100-35RFI-34042A-4

See also EMC compatibility and motor cable length and EMC compliance
(IEC/EN 61800-3:2004 + A1:2012) (page 177). For compliance information, refer to
Category C1 (page 178).
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Resistor braking

Contents of this chapter
The chapter describes how to select the brake resistor and cables, protect the
system, connect the brake resistor and enable resistor braking.

Safety

WARNING!
Do not do work on the brake resistor or the resistor cable when the drive is
energized. A dangerous voltage is present in the resistor circuit, even when
the brake chopper is not operating, or when it is disabled by a parameter.

Operation principle
The brake chopper handles the extra energy generated by motor during a quick
deceleration. The extra energy increases the drive DC link voltage. The chopper
connects the brake resistor to the DC link whenever the voltage is greater than
the limit defined by the control program. Energy consumption by the resistor
losses lowers the voltage until the resistor can be disconnected.

Selecting the brake resistor
Drives have a built-in brake chopper as standard equipment. The brake resistor is
selected using the table and equations shown in this section.

1. Determine the required maximum braking power PRmax for the application.
PRmaxmustbesmaller thanPBRmax. Refer toReferencebrake resistors (page219).
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2. Calculate resistance R with Equation 1.

3. Calculate energy ERpulsewith Equation 2.

4. Select the resistor so that the following conditions are met:
• The rated power of the resistor must be greater than or equal to PRmax.
• ResistanceRmustbebetweenRmin andRmaxgiven in the table for the used

drive type.
• The resistor must be able to dissipate energy ERpulse during the braking

cycle T.

Equations for selecting the resistor:

Equation 1

When the drive supply voltage is 200 ... 240 V:

When the drive supply voltage is 380 … 415 V:

When the drive supply voltage is 415 ... 480 V:

Equation 2

Equation 3

ton
PRmax

PRave

T

For conversion, use 1 hp = 746 W.

R Calculatedbrake resistor value (ohm).Make sure that: Rmin<R<Rmax

PRmax Maximum power during the braking cycle (W)

PRave Average power during the braking cycle (W)

ERpulse Energy conducted into the resistor during a single braking pulse (J)

ton Braking time (one cycle) (s)

T Braking cycle time (s)
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WARNING!
Do not use a brake resistor with a resistance below the minimum value
specified for the particular drive. The drive and the internal chopper are not
able to handle the overcurrent caused by the low resistance.

￭ Reference brake resistors

Example resistor
types1) 2)

PBRmaxPBRcontRmaxRmin
IEC type
ACH480-
04-…

DanothermhpkWhpkWohmohm

1-phase Un = 230 V

CBH 360C T 406 210R0.500.380.330.2546832.502A4-1

or0.740.560.500.3731632.503A7-1
CAR 200 D T 406 210R

1.100.830.750.5521332.504A8-1

CBR-V 330 D T 406
78R UL

1.501.101.000.7514532.506A9-1

2.201.701.501.1096.532.507A8-1

CBR-V 560 D HT 406
39R UL

3.002.302.001.5069.932.509A8-1

4.403.303.002.2047.119.512A2-1

3-phase Un = 230 V

CBH 360C T 406 210R0.500.380.330.254743902A4-2

or0.740.560.500.373193903A7-2
CAR 200D T 406 210R

1.100.830.750.552173904A8-2

CBR-V 330 D T 406
78R UL

1.501.131.000.751453906A9-2

2.201.651.501.101053907A8-2

CBR-V 560 D HT 406
39R UL

3.002.252.001.50712009A8-2

4.403.302.002.20522012A2-2

CBT-H 560 D HT 406
19R

6.004.503.003.00381617A5-2

8.006.005.004.00281625A0-2

CBT-V 760 G H T 282
8R

11.008.257.505.50203032A-2

15.0011.2510.007.50143048A-2
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Example resistor
types1) 2)

PBRmaxPBRcontRmaxRmin
IEC type
ACH480-
04-…

DanothermhpkWhpkWohmohm

3-phase Un = 400 V

CBH 360C T 406 210R1.100.830.750.556289902A7-4

or1.501.131.000.754289903A4-4
CAR 200D T 406 210R

2.201.651.501.102859904A1-4

3.002.252.001.502069905A7-4

CBR-V 330 D T 406
78R UL

4.403.302.002.201395307A3-4

6.004.503.003.001025309A5-4

8.006.005.004.00763212A7-4

CBR-V 560 D HT 406
39R

11.008.257.505.505432018A-4

15.0011.2510.007.503923026A-4

CBT-H 560 D HT 406
19R

22.001715.0011.00296033A-4

CBT-H 760 D HT 406
16R

30.002320.0015.00246039A-4

37.002825.0018.50206046A-4

44.003330.0022.00206050A-4

1) Braking cycle differs from that of the drive. Refer to brake resistor manufacturer’s documentation.
2) If brake resistors from other manufacturers are used, the characteristics must agree with the values

in the table.

Example resistor
types1) 2)

PBRmaxPBRcontRmaxRmin
UL (NEC)
type

ACH480-
04-… DanothermhpkWhpkWohmohm

1-phase Un = 230 V

CBH 360C T 406 210R0.500.330.330.2546832.502A3-1

or0.740.560.500.3731632.503A5-1
CAR 200 D T 406 210R

1.100.830.750.5521332.504A6-1

CBR-V 330 D T 406
78R UL

1.501.101.000.7514532.506A6-1

2.201.701.501.1096.532.507A4-1

CBR-V 560 D HT 406
39R UL

3.02.302.001.5069.932.509A3-1

4.403.303.002.2047.119.511A6-1
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Example resistor
types1) 2)

PBRmaxPBRcontRmaxRmin
UL (NEC)
type

ACH480-
04-… DanothermhpkWhpkWohmohm

3-phase Un = 230 V

CBH 360C T 406 210R0.500.380.330.254743902A3-2

or0.740.560.500.373193903A5-2
CAR 200D T 406 210R

1.100.830.750.552173904A6-2

CBR-V 330 D T 406
78R UL

1.501.131.000.751453906A6-2

2.201.651.501.101053907A5-2

CBR-V 560 D HT 406
39R UL

4.403.302.002.20522011A6-2

CBT-H 560 D HT 406
19R

6.004.503.003.003816017A-2

8.006.005.004.002816024A-2

CBT-V 760 G H T 282
8R

11.008.257.505.50203031A-2

15.0011.2510.007.50143046A-2

3-phase Un = 480 V

CBH 360C T 406 210R1.100.830.750.556289902A1-4

or1.501.131.000.754289903A0-4
CAR 200D T 406 210R

2.201.651.501.102859903A5-4

3.002.252.001.502069904A8-4

CBR-V 330 D T 406
78R UL

4.403.302.002.201395306A0-4

6.004.503.003.001025307A6-4

8.006.005.004.007632011A-4

CBR-V 560 D HT 406
39R

11.008.257.505.505432014A-4

15.0011.2510.007.503923021A-4

CBT-H 560 D HT 406
19R

22.001715.0011.00296027A-4

CBT-H 760 D HT 406
16R

30.002320.0015.00246034A-4

44.003330.0022.00206042A-4

1) Braking cycle differs from that of the drive. Refer to brake resistor manufacturer’s documentation.
2) If brake resistors from other manufacturers are used, the characteristics must agree with the values

in the table.

Resistor braking 221



Definitions

PBRmax The maximum braking capacity of the drive, when the length of the
braking pulse is at most 1 minute for each 10minutes (PBRcont × 1.5).
Must be more than the desired braking power.

PBRcont The continuous braking capacity of the drive

Rmax Themaximumresistance valueof thebrake resistor that canprovide
PBRcont

Rmin The minimum permitted resistance value of the brake resistor

Selecting and routing the brake resistor cables
Use a shielded cable specified in the technical data.

￭ Minimizing electromagnetic interference

Make sure that the installation is compliant with the EMC requirements. Obey
these rules in order tominimize electromagnetic interference caused by the rapid
voltage and current changes in the resistor cables:

• Shield the brake resistor cable. Use shielded cable or a metallic enclosure. If
you use unshielded single-core cables, route them inside a cabinet that
efficiently suppresses the radiated emissions.

• Install the cables away from other cable routes.

• Avoid long parallel runs with other cables. The minimum parallel cabling
separation distance is 0.3 meters (1 ft).

• Cross the other cables at 90° angles.

• Keep the cable as short aspossible in order tominimize the radiated emissions
and stress on the brake chopper. The longer the cable the greater the radiated
emissions, inductive load and voltage peaks over the IGBT semiconductors of
the brake chopper.

￭ Maximum cable length

The maximum length of the resistor cable(s) is 10 m (33 ft).

Selecting the installation location for the brake resistors
Protect the open (IP00) brake resistors against contact. Install the brake resistor
in a place where it cools effectively. Arrange the cooling of the resistor so that:

• no danger of overheating is caused to the resistor or nearby materials, and

• the temperature of the space that the resistor is in does not go above the
allowed maximum value.
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WARNING!
The materials near the brake resistor must be non-flammable. The surface
temperature of the resistor is high. Air flowing from the resistor is of
hundreds of degrees Celsius. If the exhaust vents are connected to a
ventilation system, make sure that the material withstands high
temperatures. Protect the resistor against contact.

Protecting the system in brake circuit fault situations

￭ Protecting the system in cable and brake resistor short-circuit
situations

The drive input fuses will also protect the resistor cable when it is identical with
the input power cable.

￭ Protecting the system against thermal overload

The drive has a brake thermal model which protects the brake resistor against
overload. ABB recommends to enable the thermal model at start up.

ABB recommends to equip the drivewith amain contactor for safety reasons even
when you have enabled the resistor thermal model. Wire the contactor so that it
opens in case the resistor overheats. This is essential for safety since the drive
will not otherwise be able to interrupt the main supply if the chopper remains
conductive in a fault situation. An example wiring diagram is shown below. ABB
recommends that you use resistors equipped with a thermal switch (1) inside the
resistor assembly. The switch indicates overtemperature.
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ABB recommends that you also wire 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 and electrical installation of brake resistor

WARNING!
Obey the safety instructions of the drive. 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, commissioning or maintenance work.

WARNING!
Stop the drive and do the steps in section Electrical safety
precautions (page 18) before you start the work.

￭ Mechanical installation

Refer to the resistor manufacturer’s instructions.
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￭ Electrical installation

Measuring the insulation

See the electrical installation instructions of the drive.

Connecting power cables

See the electrical installation instructions of the drive.

Connection the control cables

Connect the thermal switch of the brake resistor as described in Protecting the
system against thermal overload (page 223).

Start-up
Set the following parameters:

1. Disable the overvoltage control of the drive with parameter 30.30Overvoltage
control.

2. Set the source of parameter 31.01 External event 1 source to point to the digital
input where the thermal switch of the brake resistor is wired.

3. Set parameter 31.02 External event 1 type to Fault.

4. Enable thebrake chopperbyparameter43.06Brake chopper enable. IfEnabled
with thermalmodel is selected, set also the brake resistor overload protection
parameters 43.08 and 43.09 according to the application.

5. Check the resistance value of parameter 43.10 Brake resistance.

With these parameter settings, the drive generates a fault and coasts to a stop
on brake resistor overtemperature.
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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 actuator device
of safety circuits (such as an emergency stop circuit) that stop the drive in case
of danger. Another typical application is a prevention of unexpected start-up
function that enables short-timemaintenance operations like cleaning orwork on
non-electrical parts of the machinery without switching off the power supply to
the drive.

When activated, the Safe torque off function disables the control voltage for the
power semiconductors of the drive output stage, thus preventing the drive from
generating the torque required to rotate the motor. If the motor is running when
Safe torque off is activated, it coasts to a stop.

The Safe torque off function has a redundant architecture, that is, both channels
must 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.
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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
to perform functions in a safety-related system (functional
safety) in industrial locations

IEC 61000-6-7:2014

Electrical equipment formeasurement, control and laborat-
ory use – EMC requirements – Part 3-1: Immunity require-
ments for safety-related systems and for equipment inten-
ded to perform safety-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 require-
ments

IEC 61508-1:2010

Functional safety of electrical/electronic/programmable
electronic safety-related systems – Part 2: Requirements for
electrical/electronic/programmableelectronic safety-related
systems

IEC 61508-2:2010

Functional safety – Safety instrumented systems for the
process industry 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

Safetyofmachinery –Safety-relatedpartsof control systems
– Part 1: General principles for design

EN ISO 13849-1:2015

Safetyofmachinery –Safety-relatedpartsof 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 the EuropeanMachinery Directive and the UK Supply
of Machinery (Safety) Regulations

See the technical data.
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Wiring
For the electrical specifications of the STO connection, see the technical data of
the control unit.

￭ Connection principle

Single ACH480 drive, internal power supply

OUT1 + 24 V DC

IN1

IN2

SGND

UDC+

UDC-

K 2

1

4
3

Drive1

Control unit2

Control logic3

To motor4

Activation switchK
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Single ACH480 drive, external power supply

+

  OUT1

IN1
IN2

SGND

24 V DC

UDC+

UDC-

+ 24 V DC

-

K

2
1

3 4

Drive1

Control unit2

Control logic3

To motor4

Activation switchK
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￭ Wiring examples

Single ACH480 drive, internal power supply

2414

2313 Y1

A2

Y2

A1

31

32

OUT

GND
IN1

OUT1

IN2

 SGND

1

K

2

Drive1

Safety PLC2

Safety relayK

Single ACH480 drive, external power supply

2414

2313 Y1

A2

Y2

A1

31

32

OUT

GND
IN1

OUT1

ÍN2

 SGND K

- +
1 224 V DC

Drive1

Safety PLC2

Safety relayK
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Multiple ACH480 drives, internal power supply

+24 V OUT1

SGND

IN1
IN2

OUT1

SGND

IN1
IN2

OUT1

SGND

IN1
IN2

K

1

1

1

2

2

2

Drive1

Control unit2

Activation switchK

232 The Safe torque off function



Multiple ACH480 drives, external power supply

OUT1

SGND

IN1
IN2

OUT1

SGND

IN1
IN2

OUT1

SGND

IN1
IN2

+24 V

24 V DC
– +

K

1

2

1

2

1

2

Drive1

Control unit2

Activation switchK

￭ 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.
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• 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 relay must open/close within 200 ms 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 thewiring between the switch and an STO terminal causes
a dangerous fault. Therefore, it is recommended to use a safety relay (including
wiring diagnostics) or a wiring method (shield grounding, channel separation)
which reduces or eliminates the risk caused by the short-circuit.

Note: The voltage at the STO input terminals of the drive must be at least 13 V DC
to be interpreted as “1”.
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 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 program generates an indication as defined by parameter 31.22
(see 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 operation of 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 the machine must 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 includedocumentationof start-upactivities 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.
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Action

Test the operation of the STO function when the motor is stopped.

• Give a stop command for the drive (if running) and wait until the motor 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 (see the firmware manual).

• Give a start command to verify that theSTO functionblocks thedrive's operation.
The motor should not start.

• Close the STO circuit.
• Reset any active faults. Restart the drive and check that themotor runs normally.

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 (see the firmware
manual).

• Reset any active faults and try to start the drive.
• Make sure that themotor stays at a standstill and thedrive operates asdescribed

above in testing the operation when the motor is stopped.
• Close the STO circuit.
• Reset any active faults. Restart the drive and check that themotor 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 themotor was running, it should
coast to a stop. The drive generates an FA81 fault indication (see the firmware
manual).

• Give a start command to verify that theSTO functionblocks thedrive's operation.
The motor 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 themotor runs normally.
• Open the 2nd input channel of the STOcircuit. If themotorwas running, it should

coast to a stop. The drive generates an FA82 fault indication (see the firmware
manual).

• Give a start command to verify that theSTO functionblocks thedrive's operation.
The motor 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 themotor 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 program generates an indication as defined by parameter 31.22
(see the firmware manual of the drive).

4. The motor coasts to a stop (if running). The drive will not restart while the
activation switch or safety relay contacts are open.

5. Deactivate the STO by closing the activation switch, or resetting the safety
functionality that is wired to the STO connection.

6. Reset any faults before restarting.

WARNING!
The Safe torque off function does not disconnect the voltage of the main
andauxiliary circuits fromthedrive. Thereforemaintenanceworkonelectrical
parts of the drive or the motor 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 themain power to the drive is
off. If both STOcircuits are closed and a level-type start signal is activewhen
thepower is restored, it is possible that thedrive startswithout a fresh start
command. Take this into account in the risk assessment of the system.

This is also validwhen thedrive is only poweredbyaBAPO-xx auxiliary power
extension module.

WARNING!
Permanent magnet or synchronous reluctance [SynRM] motors only:

In caseof amultiple IGBTpower semiconductor failure, thedrive canproduce
an alignment torque which maximally rotates the motor shaft by 180/p
degrees (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 the motor supply voltage and themotor will coast to a stop. If this
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causes danger or is not otherwise acceptable, stop the drive and machinery
using theappropriate stopmodebeforeactivating theSafe torqueoff function.

• The Safe torque off function overrides all other functions of the drive.

• The Safe torque off function is ineffective against deliberate sabotage or
misuse.

• 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 the machine must 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 maintained by periodic proof testing. In high demand mode of operation, the
maximum proof test interval is 20 years. In low demand mode of operation, the
maximum proof test interval is 10 years; see section Safety data (page 242). 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 236).

Note: See also the Recommendation of Use CNB/M/11.050 (published by the
European co-ordinationofNotifiedBodies) concerningdual-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.

TheSTO functionof thedrivedoesnot contain any electromechanical components.

In addition to proof testing, it is a good practice to check the operation of the
function when other maintenance procedures are carried out on the machinery.

Include the Safe torque off operation test described above in the routine
maintenance program of the machinery that the drive runs.

If anywiring or component change is needed after start-up, or the parameters are
restored, do the test given in section Validation test procedure (page 236).

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 person with adequate expertise and knowledge of 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.

See the firmwaremanual of thedrive control programfor the indicationsgenerated
by the drive, and for details ondirecting fault andwarning indications to anoutput
on the control unit for external diagnostics.

Any failures of the Safe torque off function must be reported to ABB.

The Safe torque off function 241



Safety data
The safety data for the Safe torque off function is given below.

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 exclusionon the failuremode “short circuit onprinted circuit board”

has been made (EN 13849-2, table D.5). The analysis is based on an
assumption 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: 5 ms (typical), 15 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 respect of their resistance to faults and their
subsequent behavior in the fault condition, andwhich is
achievedby the structural arrangementof theparts, 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

Average probability of dangerous failure on demand,
that is,mean unavailability of a safety-related system to
perform the specified safety function when a demand
occurs

IEC 61508PFDavg
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DescriptionReferenceTerm or
abbreviation

Average frequency of dangerous failures per 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
62061

Proof 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

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 the SIL
capability valid. The same interval must be followed to
keep the PL capability (EN ISO 13849) valid.

IEC 61508-6T1

See also section Maintenance.

Mission time: the period of time covering the intended
use of the safety function/device. After themission time
elapses, 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 STO

IEC 61508-6λDiag_s

￭ TÜV certificate

The TÜV certificate is available on the Internet.
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BAPO-01 auxiliary power
extension module

Contents of this chapter
This chapter contains a description and technical data of the optional BAPO-01
auxiliary power extension module.

Safety instructions

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

Hardware description
The BAPO-01 auxiliary power extension module (option +L534) lets you use an
external 24 V DC power supply with the drive. An external power supply is used to
keep the drive control board energized during a power outage.

The BAPO-01 module has internal connections to provide back-up power to the
control board (I/O, fieldbus). There is a DC to DC flyback converter power supply
inside the module. This power supply takes 24 V DC as input and outputs 5 V DC
to the control board to keep theprocessor and communication links onat all times.

16
BAPO-01 auxiliary power extension module 247



Note: The BAPO-01 is not a battery.

If you changedriveparameterswhen the control board is energizedby theBAPO-01
module, force parameter savingby setting the value of parameter96.07 Parameter
save manually to (1) Save. Otherwise, changed data will not be saved.

￭ Layout

4

1

2

3

5

BAPO-01 module1

Locking screw hole2

Internal X100 connector3

Internal X102 connector4

Grounding rail5

248 BAPO-01 auxiliary power extension module



Mechanical installation
Refer to Installing options (page 86) and BAPO, BREL, BRES, and BTAC modules
quick installation guide (3AXD50000837946 [English]).

Electrical installation
Connect the external power supply to the +24 V and DGND terminals on the drive.
See the electrical installation instructions of the drive.

Do not chain an external 24 V DC power supply to several drives. Each drive must
be powered by a single 24 V DC power supply, or a separate 24 V DC output of one
auxiliary power source.

24VDC (+)

GND (-)
+24V 

DGND

BAPO-01

1 2

3

4 5

External power supply1

Drive2

+24 V internal3

Main power supply4

+5 V internal5
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Start-up
To configure the BAPO-01 module:

1. Power up the drive.

2. Set the parameter 95.04 Control board supply to 1 (External 24V).

Technical data
Voltage and current rating for the auxiliary power supply: +24 V DC ±10%, max.
1000 mA (including internal fan load).

Power loss: Power losses with maximum load 4 W.

Dimensions:

26 [1.024]
11.3 [0.444]
16 [0.63] 86.1 [3.391]

17
1.

6 
[6

.7
54

]
18

1.
3 

[7
.1

38
]

42.2 [1.662] 13.3 [0.524]
68.5 [2.697]

52.5 [2.067

2.5 [0.098] 6 
[0

.2
4]

4.
5 

[0
.1

77
]
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BIO-01 I/O extension module

Contents of this chapter
This chapter contains a description and technical data of the optional BIO-01 I/O
extension module.

Safety instructions

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

Hardware description

￭ Product overview

BIO-01 (option+L515) is an I/Oextensionmodule tobeusedwith a fieldbusadapter
module. TheBIO-01module is installedbetween thedrive and the fieldbusmodule.

BIO-01 has two digital inputs (DI4, DI5) and one analog input (A1). It also has two
terminals (S1, S2) that can be configured with the switches on the module. S1 can
be configured as analogoutput (AO1) or digital output (DO1). S2 canbe configured
as digital output (DO1) or digital input (DI3).

17
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￭ Layout

1. Locking tab1

2

3

4

5

2. Option module slot

3. Chassis screw

4. I/O connector

5. Switches for config-
uring terminals S1 and
S2

Mechanical installation
See the electrical installation instructions of the drive.

Before you install the BIO-01 option module, make sure that the chassis screw
slider is in the topposition. After theoptionmodule is installed, tighten the chassis
screw and move the slider to the bottom position.

TheBIO-01 optionmodule kit comeswith a higher cable clampplate. Use this cable
clamp plate to ground the wires that connect to the BIO-01 option module.

Terminal configuration
You must configure terminals S1 and S2 before you install the fieldbus module.
Refer to the table that follows for the possible configurations:

ResultSetting

Supportedconfigur-
ation

Terminal S2 func-
tions as

Terminal S1 func-
tions as

Switch S2Switch S1

YesDigital input DI3Digital output DO1DI3 (default)DO1 (de-
fault)

YesDigital input DI3Analog output AO1DI3 (default)AO1

YesDigital output DO1Analog output AO1DO1AO1

No--DO1DO1 (de-
fault)
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If you change the switch configurationwhile the drive is powered on, the drivewill
trip on a fault. Also, an unsupported configuration will cause the drive to trip on
a fault.

Electrical installation
The BIO-01 module has removable spring clamp terminals. Use ferrules on the
multistranded conductor ends.

The connectiondiagrambelow is applicable todriveswith theBIO-01 I/Oextension
module.

1)DescriptionTerminalConnection

×Auxiliary voltage output +24 V DC, max. 250 mA+24 V

OUT1

SGND
IN1
IN2

+24 V
DGND
DCOM

DI1
DI2

+24 V
DGND
DCOM

DI1
DI2

AI1
+10V
GND
SCR

DI3
DI4
DI5
DO1

×Auxiliary voltage output commonDGND

×Digital input common for allDCOM

×Stop (0) / Start (1)DI1

×Not configuredDI2

Constant frequency/speed selectionS2 (DI3)

Start interlock 1 (1 = allow start)DI4

Not configuredDI5

Not configured (DIO1)S1 (DO1)

Output frequency/speed ref: 0 … 10 V DCAI1

Reference voltage +10 V DC (max. 10 mA)+10V

Analog circuit common / DO commonGND

Signal cable shieldSCR

×Safe torque off. Both IN1 and IN2 circuitsmust be
closed for the drive to start. (Factory connection.)

SGND

×IN1

×IN2

×OUT1

1) × = on base unit, blank = on BIO-01 module.

Start-up
The BIO-01module is automatically identified by the drive firmware. To configure
the inputs and outputs, refer to the drive firmware manual.
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Technical data
Control connection data: Spring type terminal blocks. Conductor size accepted
by the terminals: 0.2…1.5mm2 (24…16AWG). Exception:max. 0.75mm2 (18AWG)
for a multistranded conductor with a ferrule and plastic sleeve.

Internal connections of GND and SCR terminals

OUT1

SGND
IN1
IN2

+24 V
DGND
DCOM

DI1
DI2

+24 V
DGND
DCOM

DI1
DI2

AI1
+10V
GND
SCR

DI3
DI4
DI5

DIO1

254 BIO-01 I/O extension module



Dimensions
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BREL-01 relay output
extension module

Contents of this chapter
This chapter contains a description and technical data of the optional BREL-01
relay output extension module.

Safety instructions

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

Hardware description

￭ Product overview

BREL-01 relay output extension module (option +L511) adds four relay outputs to
the drive.

18
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￭ Layout

1. BREL-01 module

8

1

2

3

4

5

6

7

9

10

2. Locking screw hole

3. X103 connector

4. X104 connector

5. X105 connector

6. X106 connector

7. Internal X100 connector

8. Internal X102 connector

9. Grounding rail

10. Grounding screw

Mechanical installation
Refer to Installing options (page 86) and BAPO, BREL, BRES, and BTAC modules
quick installation guide (3AXD50000837946 [English]).

Electrical installation
Use 0.5 … 2.5 mm2 (20 … 14 AWG) cable with a sufficient voltage rating.

If you connect an inductive load (relay or contactor coil, motor) protect the relay
contacts with a varistor, RC filter (AC) or diode (DC). Install the protective
component as close to the inductive load as possible. Do not install protective
components at the relay output terminals.
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DescriptionIdentification

Relay outputs RO4…RO7:4X103

Max. switching voltage: 250 V AC / 30 V DCCommonCOM1
Max. switching current: 2 A

Normally closedNC2
Galvanically isolated.

Normally openNO3

5X104

CommonCOM1

Normally closedNC2

Normally openNO3

6X105

CommonCOM1

Normally closedNC2

Normally openNO3

7X106

CommonCOM1

Normally closedNC2

Normally openNO3

Start-up
To configure the operation of the relays added with the BREL-01 module:

1. Power up the drive.

2. Set the parameter 15.01 Extension module type to 5 (BREL).

3. Use the control panel on the drive and set the parameters for relay outputs
RO4…RO7 in 15 I/O extension module. Refer to the ACH480 HVAC control
program firmware manual (3AXD50000247134 [English]) for parameter
descriptions.

Configuration parameters
Theconfigurationparametersof theBREL-01module are ingroup 15 I/Oextension
module.

Def /
FbEq16/32

DescriptionName/ValueNo.

15 I/O extension module
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Def /
FbEq16/32

DescriptionName/ValueNo.

NoneActivates (and specifies the type of) I/O extension
module.

Extension
module type

15.01

5External relay option BREL-01.BREL

NoneI/O extension module detected on the drive.Detected
extension
module

15.02

5External relay option BREL-01.BREL

1 = 1Displays the status of the relay outputs. This
parameter is read-only.

RO status15.04

-1 = Relay output 4 is ON.Bit 0 RO4

-1 = Relay output 5 is ON.Bit 1 RO5

-1 = Relay output 6 is ON.Bit 2 RO6

-1 = Relay output 7 is ON.Bit 3 RO7

1 = 1The electrical statuses of the relay/digital outputs
can be overridden for e.g. testing purposes. A bit in
parameter 15.06RO forceddata is provided for each
relay or digital output, and its value is applied
whenever the corresponding bit in this parameter
is 1.

RO force
selection

15.05

-1 = Force relay output 4 to value of bit 0 of
parameter 15.06 RO forced data.

Bit 0 RO4

-1 = Force relay output 5 to value of bit 0 of
parameter 15.06 RO forced data.

Bit 1 RO5

-1 = Force relay output 6 to value of bit 0 of
parameter 15.06 RO forced data.

Bit 2 RO6

-1 = Force relay output 7 to value of bit 0 of
parameter 15.06 RO forced data.

Bit 3 RO7

1 = 1Allows the data value of a forced relay or digital
output to be changed from 0 to 3.

RO forced data15.06

-Force the value of this bit to RO4, if so defined in
parameter 15.05 RO force selection.

Bit 0 RO4

-Force the value of this bit to RO5, if so defined in
parameter 15.05 RO force selection.

Bit 1 RO5

-Force the value of this bit to RO6, if so defined in
parameter 15.05 RO force selection.

Bit 2 RO6

-Force the value of this bit to RO7, if so defined in
parameter 15.05 RO force selection.

Bit 3 RO7
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Def /
FbEq16/32

DescriptionName/ValueNo.

Not
energized

Selects a drive signal to be connected to relay
output RO4.

RO4 source15.07

0Output is not energized.Not energized

1Output is energized.Energized

…For the complete parameter list, refer to the drive firmware manual.

0.0 sDefines the activation delay for relay output RO4.RO4 ON delay15.08

10 = 1 sActivation delay for RO4.0.0 … 3000.0 s

0.0 sDefines thedeactivationdelay for relay output RO4.RO4 OFF delay15.09

10 = 1 sDeactivation delay for RO4.0.0 … 3000.0 s

Not
energized

Selects a drive signal to be connected to relay
output RO5.

RO5 source15.10

0Output is not energized.Not energized

1Output is energized.Energized

…For the complete parameter list, refer to the drive firmware manual.

0.0 sDefines the activation delay for relay output RO5.RO5 ON delay15.11

10 = 1 sActivation delay for RO5.0.0 … 3000.0 s

0.0 sDefines thedeactivationdelay for relay output RO5.RO5 OFF delay15.12

10 = 1 sDeactivation delay for RO5.0.0 … 3000.0 s

Not
energized

Selects a drive signal to be connected to relay
output RO6.

RO6 source15.13

0Output is not energized.Not energized

1Output is energized.Energized

…For the complete parameter list, refer to the drive firmware manual.

0.0 sDefines the activation delay for relay output RO6.RO6 ON delay15.14

10 = 1 sActivation delay for RO6.0.0 … 3000.0 s

0.0 sDefines thedeactivationdelay for relay output RO6.RO6 OFF delay15.15

10 = 1 sDeactivation delay for RO6.0.0 … 3000.0 s

Not
energized

Selects a drive signal to be connected to relay
output RO7.

RO7 source15.16

0Output is not energized.Not energized

1Output is energized.Energized

…For the complete parameter list, refer to the drive firmware manual.

BREL-01 relay output extension module 261



Def /
FbEq16/32

DescriptionName/ValueNo.

0.0 sSets the activation delay for relay output 7.RO7 ON delay15.17

10 = 1 sActivation delay for relay output 7.0.0…3000.0 s

0.0 sSets the deactivation delay for relay output 7.RO7 OFF delay15.18

10 = 1 sDeactivation delay for relay output 7.0.0…3000.0 s

Technical data
External connectors:Four 3-pin (1×3) spring-clamp type terminal blocks, tin plated,
2.5 mm2 (14 AWG) wire size, pitch 5.0 mm.

Internal connectors:ConnectorX102provides relay control signals fromthecontrol
board: 1×8 pin header, pitch 2.54 mm, height 33.53 mm. Connector X100 is not in
use in BREL-01: 2×4 pin header, pitch 2.54 mm, height 15.75 mm.

Dimensions:
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Further information
—

Product and service inquiries
Address any inquiries about theproduct to your local ABB representative, quoting
the type designation and serial number of the unit in question. A listing of ABB
sales, support and service contacts can be found by navigating to
www.abb.com/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
Youcan findmanuals andotherproductdocuments inPDF formaton the Internet
at www.abb.com/drives/documents.

a3 (frozen)
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