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Safety

What this chapter contains

This chapter contains the safety instructions which you must obey when installing,
operating and servicing the drive. If ignored, physical injury or death may follow, or
damage may occur to the drive, motor or driven equipment. Read the safety
instructions before you work on the unit.

Use of warnings

Warnings caution you about conditions which can result in serious injury or death
and/or damage to the equipment and advise on how to avoid the danger. The
following warning symbols are used in this manual:

Electricity warning warns of hazards from electricity which can cause
physical injury and/or damage to the equipment.

electricity, which can result in physical injury and/or damage to the
equipment.

Electrostatic sensitive devices warning warns of electrostatic
‘ \ discharge which can damage the equipment.

Q General warning warns about conditions, other than those caused by

Hot surface warning warns of component surfaces that may become
hot enough to cause burns if touched.
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Safety in installation and maintenance

These warnings are intended for all who work on the drive, motor cable or motor.

B Electrical safety

WARNING! Ignoring the following instructions can cause physical injury or
death, or damage to the equipment.

» Only qualified electricians are allowed to install and maintain the drive!

» Be sure the system is properly earthed/grounded before applying power. Do not
apply AC power before earths/grounds are connected.

» Never work on the drive, motor cable or motor when input power is applied. 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. Always ensure by measuring with a multimeter (impedance at least
1 Mohm) that:

1. Voltage between drive input phases L1, L2 and L3 is close to 0 V.
2. Voltage between terminals UDC+ and UDC- and the frame is close to 0 V.
3. There is no voltage between terminals R+ and R— and the ground.

* Do not work on the control cables when power is applied to the drive or to the
external control circuits. Externally supplied control circuits may cause dangerous
voltages inside the drive even when the main power on the drive is switched off.

* Do not make any insulation or voltage withstand tests on the drive.

» Do not connect the drive to a voltage higher than what is marked on the type
designation label. Higher voltage can activate the brake chopper and lead to
brake resistor overload, or activate the overvoltage controller what can lead to
motor rushing to maximum speed.

» If a drive whose varistors are not disconnected is installed on an IT power system
(an ungrounded power system or a high resistance grounded [over 30 ohms]
power system), the drive will be connected to earth potential through the varistors.
This may cause danger or damage the drive.

» If a drive whose varistors (built-in) or mains filter (external option) are not
disconnected is installed on a corner-grounded TN system, the drive will be
damaged.

« Suitable for use on a circuit capable of delivering not more than the RMS
symmetrical short circuit amperes listed here, at the rated maximum voltage
(480 V AC):

Horsepower: 1-60 RMS symmetrical amperes: 100,000

Note:

* The motor cable terminals on the drive are at a dangerously high voltage when
the input power is on, regardless of whether the motor is running or not.
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* The DC terminals (UDC+, UDC-) carry a dangerous DC voltage (over 500 V)
when internally connected to the intermediate DC circuit.

» Depending on the external wiring, dangerous voltages (115 V, 220 V or 230 V)
may be present on the terminals of relay outputs (NC, NO, COM).

» The Safe Torque Off function does not remove the voltage from the main and
auxiliary circuits. The function is ineffective against deliberate sabotage or
misuse. See page 183.

B Grounding

These instructions are intended for all who are responsible for the grounding of the
drive.

WARNING! Ignoring the following instructions can cause physical injury or
death, increased electromagnetic interference and equipment malfunction:

» Ground the drive, motor and adjoining equipment to ensure personnel safety in all
circumstances, and to reduce electromagnetic emission and interference.

» Make sure that grounding conductors are adequately sized as required by safety

regulations.

* In a multiple-drive installation, connect each drive separately to protective earth A
(PE).

*  Where EMC emissions must be minimized, make a 360° high frequency
grounding of cable entries in order to suppress electromagnetic disturbances. In
addition, connect the cable shields to protective earth (PE) in order to meet safety
regulations.

Note:

» Power cable shields are suitable for equipment grounding conductors only when
adequately sized to meet safety regulations.

» Standard EN 61800-5-1 (section 4.3.5.5.2.) requires that as the normal touch
current of the drive is higher than 3.5 mA AC or 10 mA DC, you must use a fixed
protective earth connection and:

- cross-section of the protective earthing conductor of at least 10 mm? Cu or

16 mm? Al, or

- automatic disconnection of the supply in case of discontinuity of the protective
earthing conductor, or

- a second protective earthing conductor of the same cross-sectional area as the
original protective earthing conductor.
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B Permanent magnet motor drives

These are additional warnings concerning permanent magnet motor drives.

WARNING! Ignoring the following instructions can cause physical injury or
death, increased electromagnetic interference and equipment malfunction:

Do not work on the drive when the permanent magnet motor is rotating. Also,
when the supply power is switched off and the inverter is stopped, a rotating
permanent magnet motor feeds power to the intermediate circuit of the drive and
the supply connections become live.

Before installation and maintenance work on the drive:

- Stop the motor.

- Ensure that there is no voltage on the drive power terminals according to step 1
or 2, or if possible, according to the both steps:

1. Disconnect the motor from the drive with a safety switch or by other means.
Check by measuring that there is no voltage present on the drive input or output
terminals (L1, L2, L3, U1, V1, W1, UDC+, UDC-, R+, R-).

2. Ensure that the motor cannot rotate during work. Make sure that no other
system, like hydraulic crawling drives, is able to rotate the motor directly or
through any mechanical connection like felt, nip, rope, etc. Check by measuring
that there is no voltage present on the drive input or output terminals (L1, L2, L3,
U1, V1, W1, UDC+, UDC-, R+, R-). Ground the drive output terminals temporarily
by connecting them together as well as to the PE.

Do not run the motor over the rated speed. Motor overspeed leads to overvoltage
which may damage or explode the capacitors in the intermediate circuit of the
drive.
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These instructions are intended for all who install and service the drive.
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WARNING! Ignoring the following instructions can cause physical injury or
death, increased electromagnetic interference and equipment malfunction:

» Handle the unit carefully.

» Take care when lifting. Frame B models weigh approximately 4.8 kg (10.6 Ib).
Frame C models weigh approximately 10 kg (23 Ib). Frame D models weigh

approximately 17 kg (37.5 Ib). Seek assistance if necessary. When carrying, do
not suspend the unit from the removable front panels as they could detach and

cause the unit to be dropped.

» Beware of hot surfaces. The surfaces of drive system components (such as the

mains choke, DC choke, or braking resistor, if present) become hot when the

system is in use, and remain hot for a while after disconnection of the electrical

supply.

» Ensure that debris from drilling and grinding does not enter the drive when
installing. Electrically conductive debris inside the unit may cause damage or
malfunction.

» Ensure sufficient cooling.
* Do not attach the drive by riveting or welding.

* The MotiFlex €180 must be installed where the pollution degree according to
EN61800-5-1 shall not exceed 2.

B Printed circuit boards

A WARNING! Ignoring the following instructions can cause damage to the
A2aA printed circuit boards:

* Wear a grounding wrist band when handling the boards. Do not touch the boards

unnecessarily. The printed circuit boards contain components sensitive to
electrostatic discharge.
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Safe start-up and operation

B General safety

These warnings are intended for all who plan the operation of the drive or operate the
drive.

WARNING! Ignoring the following instructions can cause physical injury or
death, or damage to the equipment.

» Before you connect voltage to the drive, make sure that the drive covers are on.
Keep the covers on during operation.

» Before adjusting the drive and putting it into service, make sure that the motor and
all driven equipment are suitable for operation throughout the speed range
provided by the drive. The drive can be adjusted to operate the motor at speeds
above and below the speed provided by connecting the motor directly to the
power line.

» Do not activate any automatic fault reset functions of the drive control program if
dangerous situations can occur. When activated, these functions will reset the
drive and resume operation after a fault.

» Do not control the motor with an AC contactor or disconnecting device
(disconnecting means); instead, use external commands via the I/O board of the
drive or a fieldbus adapter. The maximum allowed number of charging cycles of
the DC capacitors (i.e. power-ups by applying power) is one per two minutes. The
maximum total number of chargings is 100000 for frame sizes A and B, 50000 for
frame sizes C and D.

» Make sure that any safety circuits (for example, emergency stop and Safe torque
off) are validated in start-up. See chapter Start-up for reference of the validation
instructions.

» The drive is not field repairable. Never attempt to repair a malfunctioning drive;
contact your local ABB representative or Authorized Service Center for
replacement.

*  When operating a rotary motor with no load coupled to its shaft, remove the shaft
key to prevent it flying out when the shaft rotates.

» Operating the MotiFlex 180 in torque mode with no load attached to the motor
can cause the motor to accelerate rapidly to excessive speed.

» Improper operation or programming of the drive may cause violent motion of the
motor and driven equipment. Be certain that unexpected motor movement will not
cause injury to personnel or damage to equipment. Peak torque of several times
the rated motor torque can occur during control failure.

* Violent jamming (stopping) of the motor during operation may damage the motor
and drive.
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* The drive can be programmed to start up and begin to turn the motor (auto-
enable) immediately after an input voltage break or a fault reset.

Note:

« |f an external source for start command is selected and it is ON, the drive could
start immediately after an input voltage break or fault reset.

B Network security

This product is designed to be connected to and to communicate information and
data via a network interface. It is the customer’s sole responsibility to provide and
continuously ensure a secure connection between the product and the customer
network or any other network (as the case may be). The customer shall establish and
maintain any appropriate measures (such as but not limited to the installation of
firewalls, application of authentication measures, encryption of data, installation of
anti-virus programs, etc) to protect the product, the network, its system and the
interface against any kind of security breaches, unauthorized access, interference,
intrusion, leakage and/or theft of data or information. ABB and its affiliates are not
liable for damages and/or losses related to such security breaches, any unauthorized
access, interference, intrusion, leakage and/or theft of data or information.
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Introduction to the manual

What this chapter contains

This chapter describes the manual. It contains a flowchart of steps for checking the
delivery, installation and start-up of the drive. The flowchart refers to
chapters/sections in this manual and to other manuals.

Target audience

This manual is intended for people who plan the installation, install, start-up, use and
service the drive. Read the manual before working on the drive. You are expected to
know the fundamentals of electricity, wiring, electrical components and electrical
schematic symbols.

The manual is written for readers worldwide. Both S| and imperial units are shown.

Categorization according to the frame size

Some instructions, technical data and dimensional drawings which concern only
certain frame sizes are marked with the symbol of the frame size A, B, C or D. The
frame size is marked on the drive designation label. The following table describes the
frame sizes:

Frame Models

A MFE180-04xx-03A0-4
MFE180-04xx-05A0-4
MFE180-04xx-07A0-4
B MFE180-04xx-016A-4
C MFE180-04xx-024A-4
MFE180-04xx-031A-4
MFE180-04xx-046A-4
D MFE180-04xx-060A-4
MFE180-04xx-090A-4
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Categorization according to the + code

The instructions, technical data and dimensional drawings which concern only certain
optional selections are marked with + codes, e.g. +L.516. The options included in the
drive can be identified from the + codes visible on the type designation label of the
drive. The + code selections are listed in Type designation key on page 30.

Contents of this manual

The manual consists of the following chapters:

Safety (page 13) gives safety instructions you must follow when installing,
commissioning, operating and servicing the drive.

Introduction to the manual (this chapter, page 21) describes applicability, target
audience, purpose and contents of this manual. It also contains a quick
installation and commissioning flowchart.

Operation principle and hardware description (page 27) describes the operation
principle, connector layout, type designation label and type designation
information in short.

Mechanical installation (page 33) describes how to check the installation site,
unpack, check the delivery and install the drive mechanically.

Planning the electrical installation (page 43) describes the requirements for the
AC supply, cabling and RCDs.

Electrical installation: AC input, motor and brake (page 51) describes the
installation of high power connections including the AC supply, motor output, and
brake resistor.

Electrical installation: input / output (page 63) describes the installation of low
power connections, including analog and digital input/outputs (including Safe
Torque Off), motor feedback and Ethernet.

Installation checklist (page 91) provides a list of checks to confirm that the
physical installation has been completed correctly.

Start-up (page 93) describes the steps for applying power to the drive, installing
the Mint Machine Center software, and tuning and optimizing the motor/drive
combination.

Fault tracing (page 109) describes the drive’s LED indicators and provides
solution to common problems encountered during installation.

Maintenance (page 119) describes the maintenance required to maintain optimum
performance from the drive.

Technical data (page 125) contains the technical specifications of the drive, e.g.
the dimensions, ratings, technical specifications, and provisions for fulfilling the
requirements for CE and other markings.
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* Mains chokes (page 145) describes optional mains chokes that can be used with
the drive.

* DC chokes (page 149) describes optional DC chokes that can be used with
frame C and frame D drives.

» Mains filters (page 153) describes optional mains filters that can be used with the
drive.

» Resistor braking (page 157) describes how to select, protect, and wire braking
choppers and resistors.

» Dimension drawings (page 167) provides the dimensions of each drive.

» Appendix: Safe Torque Off (STO) (page 183) describes STO features, installation,
and technical data.

Related documents

See List of related manuals on page 2 (inside the front cover).
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Quick installation and start-up flowchart

Task

Plan the electrical installation and acquire
the accessories needed (cables, fuses,
etc.).

Check the ratings, required cooling air
flow, input power connection,
compatibility of the motor, motor
connection, and other technical data.

v

Check the installation site.

Y

Unpack and check the units (only intact
units may be started up).

Check that all necessary optional
modules and equipment are present and
correct.

Mount the drive.

v

Route the cables.

v

Check the insulation of the supply cable,
the motor and the motor cable.

v

Connect the power cable.
Connect the motor cable.
Connect the control cables.

v

Check the installation.

v

Start the drive.

See

Planning the electrical installation
(page 43)
Cooling and degrees of protection
(page 38)
Technical data (page 125)

Requirements for the installation site
(page 35)

Contents of the package (page 34).
Installation procedure (page 41).

Routing the cables (page 49)

Checking the insulation of the assembly
(page 52)

Power cable connection (page 53).
Electrical installation: input / output
(page 63).

Installation checklist (page 97).

Start-up (page 93)
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Terms and abbreviations

The following units and abbreviations might appear in this manual.

B General terms

Term/Abbreviation Explanation

CHK-xx Series of optional mains chokes for the MotiFlex e180.
DCL-xx Series of optional DC chokes for the MotiFlex e180.
EMC Electromagnetic Compatibility.

Frame (size) Size of the drive. This manual deals with MotiFlex €180

frame sizes A, B, C or D. To determine the frame size of a
drive, refer to the rating tables in chapter Technical data.

IGBT Insulated Gate Bipolar Transistor; a voltage-controlled
semiconductor type widely used in inverters due to their
easy controllability and high switching frequency.

1/0 Input/Output.
JBR-xx Series of optional braking resistors for the MotiFlex e180.
Control unit The control unit of the drive (part GCU-xx). The control

unit is installed on top of the power unit. The external I/O
control signals are connected to the control unit, or
optional I/0 extensions mounted on it.

JFI-xx Series of optional mains filters for the MotiFlex e180.
MU-xx The memory unit attached to the control unit of the drive.
RFI Radio-frequency interference.

See also page 203 for safety related abbreviations.

B Trademarks

Eth ~ EtherCAT® is registered trademark and patented technology,
erCAT. licensed by Beckhoff Automation GmbH, Germany.

Windows 7 and Windows 8 are registered trademarks of the Microsoft Corporation.

Mint™ and MotiFlex® are registered trademarks of Baldor, a member of the ABB
group.
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Operation principle and
hardware description

What this chapter contains

The chapter briefly describes the operation principle, layout, type designation label
and type designation information. It also shows a general diagram of power
connections and control interfaces.

Product overview

The MotiFlex €180 is an IP20 drive for controlling AC motors. It is to be installed into
a cabinet by the customer. The MotiFlex €180 is available in several frame sizes
depending on output power. All frame sizes use the same control unit (type GCU-xx).
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B Layout

Memory unit

(page 31)

Ethernet fieldbus
ports (page 79) . 1

9

Control unit
GCU-xx

Feedback module

Thermistor
connection
(page 75)

Motor output
(page 53)

DC connection (page 60)
AC supply connection (page 53)

Fieldbus status LEDs (page 111)
7-segment display (page 114)
Fieldbus mode selectors (page 80)
Startup function selectors (page 77)

PC host Ethernet connection (page 80)
Relay output (page 74)
Safe Torque Off inputs (page 183)

Power unit

Digital inputs / outputs (pages 68-71)

Analogue inputs (page 65)
Analogue output (page 67)
24 V logic supply input (page 74)

Braking resistor connection (page 53)
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B Main circuit

The diagram below shows the main circuit of the drive. For further information on the
power unit, see the chapter Electrical installation: AC input, motor and brake.

AC supply
R T

YY)

: DI S CHK-xx mains choke
\ (optional)
uDC+ UDC- l’vtp\”‘g* JFl-xx mains filter

ro— —

-
MotiFlex 180 (optional)

oy

| |
| |
| |
: H- :
| (2 |
: :

|

|

+
|

Inverter /l/GD <
A v { J[J

Motor output
— JBR-xx braking resistor

. . (optional)

Rectifier. Converts alternating current and voltage to direct current and voltage.
DC link. DC circuit between rectifier and inverter.

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

e Dd =

Brake chopper. Conducts the surplus energy from the intermediate DC 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. User obtains and installs
the brake resistor when needed.
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Type designation label

Before attempting installation and operation, check the information on the type
designation label of the power unit to verify that the unit is of the correct type. The
label is located on the left-hand side of the power unit.

Type code Compliance
(see description below) markings \

All‘ MFE180-04-AN-03A0-4+L516+N8020 \
QL

Assembled in UK Input U1 3~230/400/480V
n

3A c €
1 50/60 Hz

f
Output U2 3~0..U1

@ o (N
1P20
i UL open type 2 0..500 Hz

/ S/N: 0123456789

Frame size / Serial number /

The first digit of the serial number refers to the manufacturing plant. The 2nd and 3rd
digit indicate the year of manufacture, while the 4th and 5th digits indicate the week.
Digits 6 to 10 are a running integer starting every week at 00001.

B Type designation key

The type code contains information on the specifications and configuration of the
drive. The type code is explained in the following table. Not all selections are
necessarily available for all types; refer to MotiFlex e180 Ordering Information,
available on request.

I MFE180-04AN-016A-4
MFE180 MotiFlex e180

-04 Drive module
A Cooling method: A = Air
N Unused; reserved for future use.

-016A Size: 05A0 = 5.0 A, 09A5 = 9.5 A, etc. See page 126.
4 Input voltage: 4 = 200-480 V AC
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B Memory unit - MU

The memory unit defines the identity and features of the drive, and

P holds the drive’s firmware and saved parameters. The memory unit
(:.m holds the Mint program on models with programming capability.
g}%; The memory unit is an essential part of the drive and must always
= be fitted. It is not designed for frequent removal and insertion.
T
ELost All power to the drive must be turned off before removing or
| i inserting the memory unit. Always tighten the screw to protect the
unit from vibration.
w m The unit can be inserted into an identical replacement drive. If the

replacement drive does not have an identical specification, it must
be retuned before using it to drive machinery. Retuning the drive using Mint
WorkBench allows the correct tuning parameters to be saved in the memory unit.

The memory unit can be used only with MotiFlex e180 drives. It is not compatible with
any other product that uses a similar unit, e.g. ZMU-02. The MotiFlex €180 memory
unit can be identified by the part MFE180-MU-GCU-01 on the label.
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Mechanical installation

What this chapter contains

The chapter describes the mechanical installation of the drive.
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Contents of the package

The box contains:
» MotiFlex e180 drive, with factory-installed options

» Three cable clamp plates (two for power cabling, one for control cabling) with
screws

» Screw-type terminal blocks to be attached to the headers on the control unit.
Additional power connectors are supplied for frame A and B models.

*  Memory unit

* Quick Guide.

Compartments for
cable clamp plates

MotiFlex e180
drive

Compartment for Quick
Guide, terminal blocks
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B Requirements for the installation site

The drive must be installed in an upright position with the cooling section against a
wall. All drives can be installed tightly side by side. Make sure that the installation site
complies with these requirements:

» The installation site has sufficient ventilation to prevent overheating of the drive.

» The operation conditions of the drive agree with the specifications in Ambient
conditions (page 138).

» The wall is vertical, not flammable and strong enough to hold the weight of the
drive. See Dimensions and weights (page 137).

* The material below the installation is not flammable.

» There is enough free space above and below the drive for cooling air flow, service
and maintenance. There is enough free space in front of the drive for operation,
service and maintenance.

B Required tools

» Slot screwdrivers for the screw type connectors.
» Adrill and screws or bolts for mounting the MicroFlex e180.
»  Wire stripper.

» For UL installations, use UL listed closed loop connectors that are of appropriate
size for the wire gauge being used.

» Connectors are to be installed using only the crimp tool specified by the
manufacturer of the connector.
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Cabinet construction

The cabinet frame must be sturdy enough to carry the weight of the drive
components, control circuitry and other equipment installed in it.

The cabinet must protect the drive against contact and meet the requirements for
dust and humidity (see the chapter Technical data).
B Disposition of the devices

For easy installation and maintenance, a spacious layout is recommended. Sufficient
cooling air flow, obligatory clearances, cables and cable support structures all require
space.

For layout examples, see section Cooling and degrees of protection below.

B Grounding of mounting structures

Make sure all cross-members or shelves on which drive system components are
mounted are properly grounded and the connecting surfaces left unpainted.

Notes:
Ensure that the components are properly grounded through their fastening points to
the installation base.

It is recommended that the mains filter (if present) and the drive be mounted on the
same mounting plate.
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Main dimensions and free space requirements

The drives can be installed side by side. The main dimensions of the drives as well as
free space requirements are shown below. For more details, refer to the chapter
Dimension drawings.

Frame D Frame C Frame B Frame A
5| <
2N
S N 220 (8.66) 165 (6.50) 100 (3.94) 90 (3.54)
=~ >l >l >l »
5(s < > > > »
A A (o) @ G o | =] =
L N O SNME
SIN|©v|w
NN
A A o o ) ) NI
R Nlo|x|w
I wl-|d|©
A A [ @ @ @ ] @ AAAA
\ 4
YVYY e o 1Y vy
A @ 3
VT R T

61.4(2.42)
®

_Llll]e ey

353 (13.90)
474 (18.66)
476 (18.73)

643.8 (25.34)
557.8 (21.96)
466.6 (18.37)

356 (14.02)

All dimensions shown as: mm (inches)
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Cooling and degrees of protection

The cabinet must have enough free space for the components to ensure sufficient
cooling. Observe the minimum clearances given for each component.

90 mm [3.54"]

90 mm [3.54”]

The air inlets and outlets must be equipped with gratings that

» guide the air flow

» protect against contact

» prevent water splashes from entering the cabinet.

The temperature of the cooling air entering the unit must not exceed the maximum
allowed ambient temperature (see Ambient conditions in the chapter Technical data).
Consider this when installing heat-generating components (such as other drives,
mains chokes and braking resistors) nearby.

The drawing below shows two typical cabinet cooling solutions. The air inlet is at the
bottom of the cabinet, while the outlet is at the top.
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Air outlet

Air outlet

Air inlet

Arrange the cooling of the drives so that the requirements given in chapter Technical

data are met:
» Cooling air flow. Note that the values in Technical data apply to continuous /
nominal load. If the load is less than nominal, less cooling air is required.

* Allowed ambient temperature.

Make sure the air inlets and outlets are sufficient in size. Note that in addition to the
power loss of the drive, the heat dissipated by cables and other additional equipment
must also be ventilated.

The internal cooling fans of the drives are usually sufficient to keep the component
temperatures low enough in IP22 cabinets.

In IP54 cabinets, thick filter mats are used to prevent water splashes from entering
the cabinet. This entails the installation of additional cooling equipment, such as a hot
air exhaust fan.

The installation site must be sufficiently ventilated.
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B Preventing the recirculation of hot air

Air baffle plates

« Airflow in

Outside the cabinet

Prevent hot air circulation outside the cabinet by leading the outcoming hot air away
from the area where the inlet air to the cabinet is taken. Possible solutions are listed
below:

» gratings that guide air flow at the air inlet and outlet
» air inlet and outlet at different sides of the cabinet

» cool air inlet in the lower part of the front door and an extra exhaust fan on the roof
of the cabinet.

Inside the cabinet

Prevent hot air circulation inside the cabinet with leak-proof air baffle plates. No
gaskets are usually required.

Cabinet heaters

Use a cabinet heater if there is a risk of condensation in the cabinet. Although the
primary function of the heater is to keep the air dry, it may also be required for heating
at low temperatures. When placing the heater, follow the instructions provided by its
manufacturer.
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Installation procedure

B Direct wall mounting

1. Mark the locations for the four holes. The mounting points are shown in
Dimension drawings.
2. Fix the screws or bolts to the marked locations.

3. Position the drive onto the screws on the wall. Note: Only lift the drive by its
chassis.

4. Tighten the screws.

H DIN rail mounting (frames A and B only)

1. Click the drive to the rail as shown in Figure a below. To detach the drive, press
the release lever on top of the drive as shown in Figure b.

2. Fasten the lower edge of the drive to the mounting base through the two fastening
points.

B Mains choke installation

See the chapter Mains chokes on page 145.
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B DC choke installation

See the chapter DC chokes on page 149.

B Mains filter installation

See the chapter Mains filters on page 153.

B Braking resistor installation

See the chapter Resistor braking on page 157.

B Feedback module installation

If the feedback module has been supplied separately see Motor feedback modules
on page 81.
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Planning the electrical
installation

What this chapter contains

This chapter contains the instructions that you must follow when selecting the motor,
cables, protections, cable routing and way of operation for the drive. If the
recommendations given by ABB are not followed, the drive may experience problems
that the warranty does not cover.

Note: The installation must always be designed and made 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.

Motor selection

Select the (3-phase AC induction) motor according to the rating table in the chapter
Technical data. The table lists the typical motor power for each drive type.

Only one permanent magnet synchronous motor can be connected to the inverter
output. It is recommended to install a safety switch between the permanent magnet
motor and the drive output in order to isolate the motor from the drive during
maintenance work on the drive.

Supply connection

Use a fixed connection to the AC power line.

WARNING! As the leakage current of the device typically exceeds 3.5 mA, a
fixed installation is required according to EN 61800-5-1.
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Supply disconnecting device

Install a hand-operated input disconnecting device (disconnecting means) between
the AC power source and the drive. The disconnecting device must be of a type that
can be locked to the open position for installation and maintenance work.

Europe:

If the drive is used in an application which must meet the European Union Machinery
Directive according to standard EN 60204-1 Safety of Machinery, the disconnecting
device must be one of the following types:

» a switch-disconnector of utilization category AC-23B (EN 60947-3)

» adisconnector 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)

* acircuit breaker suitable for isolation in accordance with EN 60947-2.
B Other regions

The disconnecting means must conform to the applicable safety regulations.

Thermal overload and short circuit protection

B Thermal overload protection

The drive protects itself and the input and motor cables against thermal overload
when the cables are dimensioned according to the nominal current of the drive. No
additional thermal protection devices are needed.

WARNING! If the drive is connected to multiple motors, a separate thermal
overload switch or a circuit breaker must be used for protecting each cable and
motor. These devices may require a separate fuse to cut off the short-circuit
current.

B Protection against short-circuit in motor cable

The drive protects the motor cable and the motor in a short-circuit situation when the
motor cable is dimensioned according to the nominal current of the drive. No
additional protection devices are needed.

B Protection against short-circuit in the supply cable or the drive

Protect the supply cable with fuses or circuit breakers. Fuse recommendations are
given in the chapter Technical data. When placed at the distribution board, standard
IEC gG fuses or UL type T fuses will protect the input cable in short-circuit situations,
restrict drive damage and prevent damage to adjoining equipment in case of a short
circuit inside the drive.
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Operating time of the fuses and circuit breakers

Check that the operating time of the fuse is below 0.5 seconds. The operating time
depends on the type, the supply network impedance, and the cross-sectional area,
material and length of the supply cable. US fuses must be of the “non-time delay”

type.

Circuit breakers

The protective characteristics of circuit breakers depend on the supply voltage as well
as the type and construction of the breakers. There are also limitations pertaining to
the short-circuit capacity of the supply network. Your local ABB representative can
help you in selecting the breaker type when the supply network characteristics are
known.

B Motor thermal protection

According to regulations, the motor must be protected against thermal overload and
the current must be switched off when overloading is detected. The drive includes a
motor thermal protection function that protects the motor and switches off the current
when necessary. The MotiFlex €180 has a dedicated connection for PTC sensors.
The drive can react to this input according to the setting of
MOTORTEMPERATUREMODE. See the Mint help file for details.

Ground fault protection

The drive is equipped with an internal ground fault protective function to protect the
unit against ground faults in the motor and the motor cable. This is not a personal
safety or a fire protection feature.

The optional mains filter includes capacitors connected between the main circuit and
the frame. These capacitors and long motor cables increase the ground leakage
current and may cause fault current circuit breakers to function.

Emergency stop devices

For safety reasons, install the emergency stop devices at each operator control
station and at other operating stations where emergency stop may be needed.

Note: Stopping motion and/or disabling the drive in software does not separate the
drive from dangerous potential.
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Safe Torque Off

The drive supports the Safe Torque Off function according to standards
EN 61800-5-2; EN 60204-1; EN 61508.

The Safe Torque Off function disables the control voltage of the power
semiconductors of the drive output stage, thus preventing the inverter from
generating the voltage required to rotate the motor (see diagram below). By using this
function, short-time operations (like cleaning) and/or maintenance work on non-
electrical parts of the machinery can be performed without switching off the power
supply to the drive.

MotiFlex e180

+24 V- P //\ / \ Activation
4

switch

connection on GCU

L
T
Safe Torque Off , |
| |

X2:3 A Lo |
x24] | / |
J
uDC+ I — v
Control | =
circuit >
Output stage |
(1 phase shown) U2/v2/w2
uDC-
Notes:

* The STO function is activated when one or both of the safety circuit contacts open. If the period
between both contacts opening or closing exceeds a predefined value, a fault in the safety circuit or
wiring is assumed and an error is reported. See Appendix: Safe Torque Off (STO) on page 183.

* The maximum cable length between the drive and the activation switch is 30 m (98 ft)

WARNING! The Safe Torque Off function does not disconnect the voltage of

the main and auxiliary circuits from the drive. Therefore maintenance work on
electrical parts of the drive or the motor can only be carried out after isolating the
drive system from the main supply.

Note: It is not recommended to stop the drive by using the Safe Torque Off function. If
a running drive is stopped by using the Safe Torque Off function, the drive will stop by
coasting. If this is not acceptable (e.g. causes danger), the drive and machinery must
be stopped using the appropriate stopping mode before using this function.

For further information on the function, see Appendix: Safe Torque Off (STO) on page
183.
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Selecting the power cables

B General rules

Dimension the supply (input power) and motor cables according to local
regulations.

* The cable must be able to carry the drive load current. See the chapter Technical
data for the rated currents.

« The cable must be rated for at least 70 °C (US: 75 °C [167 °F]) maximum
permissible temperature of conductor in continuous use.

» The conductivity of the PE conductor must be equal to that of a phase conductor
(i.e. same cross-sectional area).

» 600 VAC cable is accepted for up to 500 VAC.
» Refer to the chapter Technical data for EMC requirements.

Symmetrical shielded motor cable must be used (see the figure below) to meet the
EMC requirements of the CE mark.

A four-conductor system is allowed for input cabling, but shielded symmetrical cable
is recommended. Compared to a four-conductor system, the use of symmetrical
shielded cable reduces electromagnetic emission of the whole drive system as well
as motor bearing currents and wear.

The motor cable and its PE pigtail (twisted shield) must be kept as short as possible
in order to reduce electromagnetic emission.

B Alternative power cable types

Power cable types that can be used with the drive are represented below.

Motor cable
(also recommended for supply cabling)
Symmetrical shielded cable: three phase conductors Note: A separate PE conductor is
and a concentric or otherwise symmetrically required if the conductivity of the
constructed PE conductor, and a shield cable shield is not sufficient for the
purpose.
PE conductor hield h
and shield Shield
PE o PE
Allowed for supply cabling " Shield
A four-conductor system: three phase conductors
and a protective conductor.
PE PE
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B Motor cable shield

To function as a protective conductor, the shield must have the same cross-sectional
area as a phase conductor when they are made of the same metal. To effectively
suppress radiated and conducted radio-frequency emissions, the shield conductivity
must be at least 1/10 of the phase conductor conductivity. The requirements are
easily met with a copper or aluminium 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. The better and tighter the shield, the lower
the emission level and the bearing currents.

Insulation jacket Copper wire screen  Helix of copper tape Inner insulation

Cable core

Protecting the relay output contacts and attenuating
disturbances in case of inductive loads

Inductive loads (relays, contactors, motors) cause voltage transients when switched
off.

The relay output on the drive is protected with varistors (250 V) against overvoltage
peaks. In addition, it is highly recommended to equip inductive loads with noise
attenuating circuits (varistors, RC filters [AC] or diodes [DC]) in order to minimize the
electromagnetic emissions at switch-off. If not suppressed, the disturbances may
connect capacitively or inductively to other conductors in the control cable and form a
risk of malfunction in other parts of the system.

Install the protective component as close to the inductive load as possible, not at the

relay output.
Varistor

-~ =1
Relay output | — B 230 VAC
i
L—— RC filter
= 2]
Relay output | — E 230 VAC
i
L—— Diode
i [
Relay output | — E 24vbe
i
. L
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Residual current device (RCD) compatibility

MotiFlex €180 drives are suitable to be used with residual current devices of Type B.
Other measures for protection in case of direct or indirect contact, such as separation
from the environment by double or reinforced insulation or isolation from the supply
system by a transformer, can also be applied.

Selecting the control cables
It is recommended that all control cables be shielded.

Double-shielded twisted pair cable is recommended for analogue signals. For pulse
encoder cabling, follow the instructions given by the encoder manufacturer. Use one
individually-shielded pair for each signal. Do not use a common return for different
analogue signals.

Double-shielded cable is the best alternative for low-voltage digital signals but single-
shielded twisted multipair cable (Figure b) is also usable.

——— P e
:g::?_}aa- S

a b
Double-shielded twisted pair cable Single-shielded twisted multi-pair cable

Run analogue and digital signals in separate cables.

Relay-controlled signals, providing their voltage does not exceed 48 V, can be run in
the same cables as digital input signals. It is recommended that the relay-controlled
signals be run as twisted pairs.

Never mix 24 VDC and 115/230 VAC signals in the same cable.

B Relay cable

The cable type with braided metallic screen (e.g. OLFLEX by Lapp Kabel, Germany)
has been tested and approved by ABB.

Connection of a motor temperature sensor to the drive

See page 75.

Routing the cables

Route the motor cable away from other cable routes. Motor cables of several drives
can be run in parallel installed next to each other. It is recommended that the motor
cable, input power cable and control cables be installed on separate trays. Avoid long
parallel runs of motor cables with other cables in order to decrease electromagnetic
interference caused by the rapid changes in the drive output voltage.
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Where control cables must cross power cables make sure they are arranged at an
angle as near to 90 degrees as possible. Do not run extra cables through the drive.

The cable trays must have good electrical bonding to each other and to the grounding
electrodes. Aluminium tray systems can be used to improve local equalizing of
potential.

A diagram of the cable routing is below.

Supply cable Supply cable
<> min 200 mm (8”) I—lgon

A .
Motor cable Y min 300 mm (127)

Control cables

Drive
A .
I Y ™Min 500 mm (20°)  raking resistor cable
90° L]
Motor cable
90 I_ <> min 500 mm (20”)

H Control cable ducts

24V 230V 24V 230V

N

yA
AN

A0

Not allowed unless the 24 V cable is Lead 24 V and 230 V control cables
insulated for 230 V or insulated with  in separate ducts inside the cabinet.
an insulation sleeving for 230 V.
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Electrical installation:
AC input, motor and brake

What this chapter contains

The chapter describes how to connect input power cables, motor and brake resistor.

WARNING! The work described in this chapter may only be carried out by a
qualified electrician. Follow the instructions in chapter Safety on page 13.
Ignoring the safety instructions can cause injury or death.

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

B Drive

Do not make any voltage tolerance or insulation resistance tests (e.g. hi-pot or
megger) on any part of the drive as testing can damage the drive. Every drive has
been 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.

B Supply cable

Check the insulation of the supply (input) cable according to local regulations before
connecting to the drive.

B Motor and motor cable

Check the insulation of the motor and motor cable as follows:
» Check that the motor cable is connected to the motor, and disconnected from the
drive output terminals U2, V2 and W2.

» Measure the insulation resistance between each phase and the motor PE
conductor by using a measuring voltage of 1 kV DC. The insulation resistance
must be higher than 1 Mohm.

) .
W1 PE

B Braking resistor assembly

Check the insulation of the braking resistor assembly (if present) as follows:
1. Check that the resistor cable is connected to the resistor, and disconnected from
the drive output terminals R+ and R-.

2. Atthe drive end, connect the R+ and R- conductors of the resistor cable together.
Measure the insulation resistance between the combined conductors and the PE
conductor by using a measuring voltage of 1 kV DC. The insulation resistance
must be higher than 1 Mohm.

R+

Al
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Power cable connection

B Power cable connection diagram

For alternatives, see Planning the electrical L1 L2 L3 (PE) (PE)
installation: Supply disconnecting device
(page 44). \ l l 1) 2)
|
CHK-xx mains choke (optional). See the iy |

chapter Mains chokes (page 145). =t _u\1 - \1 - \
JFI-xx mains filter (optional). See the ==
chapter Mains filters (page 153). Y

|

The UDC+/UDC- connectors can be used | |
for common DC configurations. See page r L
L |

c

\ 60.

MotiFlex e180  \

= = CI::D—T

Optional braking

resistor (see the

chapter Resistor
braking on page 44)

Notes:

— If shielded supply (input) cable is used, and the conductivity of the shield is less than 50% of
the conductivity of a phase conductor, use a cable with a ground conductor (1) or a separate
PE cable (2).

— For motor cabling, use a separate ground cable (3) if the conductivity of the cable shield is less
than 50% of the conductivity of a phase conductor and the cable has no symmetrical ground
conductors. See also section Selecting the power cables on page 47.
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Procedure

Cabling drawings with tightening torques for each frame size are presented on pages
57 to 59.

1.

Frame sizes C and D only: Remove the two plastic connector covers at the top
and bottom of the drive. Each cover is fastened with two screws.

On IT (ungrounded) systems and corner grounded TN systems, disconnect the
internal varistors by removing the screw labelled VAR (located close to the supply
terminals on the power unit).

WARNING! If a drive whose varistors are not disconnected is installed on

an IT system (an ungrounded power system or a high resistance grounded
[over 30 ohms] power system), the system will be connected to earth potential
through the varistors of the drive. This may cause danger or damage the drive.

If a drive whose varistors are not disconnected is installed on a corner grounded
TN system, the drive will be damaged.

N o o &

10.
1.

12.

Fasten the two cable clamp plates included to the drive (see page 56), one at the
top, one at the bottom. The clamp plates are identical. Using the cable clamp
plates as shown below will provide better EMC compliance, as well as act as a
strain relief for the power cables.

Strip the power cables so that the shields are bare at the cable clamps.
Twist the ends of the cable shield wires into pigtails.
Strip the ends of the phase conductors.

Connect the phase conductors of the supply cable to the U1, V1 and W1
terminals of the drive.

Connect the phase conductors of the motor cable to the U2, V2 and W2 terminals.
Connect the conductors of the resistor cable (if present) to the R+ and R—
terminals.

With frame size C or D, attach the screw terminal lugs included to the conductors
first. Crimp lugs can be used instead of the screw lugs.

Tighten the cable clamps onto the bare cable shields.

Crimp a cable lug onto each shield pigtail. Fasten the lugs to ground terminals.
Note: Try to work out a compromise between the length of the pigtail and the
length of unshielded phase conductors as both should ideally be as short as
possible.

Cover visible bare shield and pigtail with insulating tape.

With frame size C or D, cut suitable slots on the edges of the connector covers to
accommodate the supply and motor cables. Refit the covers. (Tighten the screws
to 3 N-m [25 Ibfin]).

Secure the cables outside the unit mechanically.
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13. Ground the other end of the supply cable shield or PE conductor(s) at the
distribution board. In case a mains choke and/or a mains filter is installed, make
sure the PE conductor is continuous from the distribution board to the drive.

Grounding the motor cable shield at the motor end

For minimum radio frequency interference, ground the cable shield 360 degrees at
the lead-through of the motor terminal box

360 degrees grounding

Conductive gaskets

or ground the cable by twisting the shield so that the flattened shield is wider than 1/5
of its length.
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Installation of power cable clamp plates

Two identical power cable clamp plates are included with the drive. The picture below
depicts a frame size A drive; the installation is similar with other frame sizes.

Note: Pay attention to supporting the cables adequately within the installation
enclosure especially if not using the cable clamps.

Frames A and B: 1.5 N-m (13 Ibf-in)
Frames C and D: 3 N-m (25 Ibf-in)

1.5 N-m (13 Ibf-in)




Electrical installation: AC input, motor and brake

Power cable connection — frame size A

Supply cable

Cable clamp on bare shield
1.5 N-m (13 Ibf-in)

Below cable clamp, cover
bare shield with insulating
tape

1.5 N'm (13 Ibf-in)

0.5...0.6 N-m (4.4 ... 5.3 Ibf-in)

0.5...0.6 N-m (4.4 ... 5.3 Ibf-in)

1.5 N'm (13 Ibf-in)

Above cable clamp, cover
bare shield with insulating
tape

Cable clamp on bare shield
1.5 N'm (13 Ibf-in)

Motor cable Braking resistor

57
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Power cable connection — frame size B

Supply cable

Cable clamp on bare shield
1.5 N'm (13 Ibf-in)

Below cable clamp, cover
bare shield with insulating
tape

1.5 N-m (13 Ibf-in)

1.2...1.5N:m (10.6 ... 13.3 Ibfin

1.5 N-m (13 Ibf-in)

Above cable clamp, cover
bare shield with insulating
tape

Cable clamp on bare shield
1.5 N-m (13 Ibf-in)

Motor cable Braking resistor cable
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Power cable connection — frame sizes C and D (connector covers removed)

Below cable
clamp, cover bare
shield with

Cable clamp on bare shield
1.5 N'm (13 Ibf-in)

Supply cable

3N'm
(25 Ibf-in)

15 N'm
(11 Ibf-ft)

EVRLIVaRYLPaYL VYL ">

3Nm
(26 Ibf-in)

3Nm
(26 Ibf-in)

15 N-m
(11 Ibf-ft)

3N'm
(25 Ibf-in)

Above cable
clamp, cover bare
shield with

Motor cable Braking resistor

cable

Cable clamp on bare
shield 1.5 N-m (13 Ibf-ft)

Screw lug detail

15 N-m (11 Ibf-ft)

Direct lug connection

Instead of using the screw lugs
included, the conductors of
power cables can be connected
to the drive terminals by
removing the screw lugs and

-
e

J
4)
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B DC connection

The UDC+ and UDC- terminals are intended for common DC configurations of a
number of MotiFlex e180 drives, allowing regenerative energy from one drive to be
utilised by the other drives in motoring mode.

One or more drives are connected to the AC supply depending on the power
requirement. In case two or more drives are connected to the AC supply, each AC
connection must be equipped with a mains choke (or DC choke) to ensure even
current distribution between the rectifiers. The diagram below shows two

configuration examples.

UDC+

ubC-

UDC+

AC supply

ubC-

UDC+

ubC-

UDC+

AC supply

ubC-

<

UDC+

Mains chokes

ubC—

<

L=

UDC+

ubcC-

<
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Each drive has an independent DC capacitor pre-charging circuit.

The ratings of the DC connection are given on page 132.

UDC+ UDC- U1t v1i w1
re— o — —
P S S (e
X
5
21
x
(]
|
o
|
|

\ !
[/jiTLu

<

L — — — —
U2 vz w2

Motor brake connection

A rotary motor might require a brake. The brake prevents the uncontrolled release of
suspended or tensioned loads when power to the motor is removed or disconnected,
e.g. by a motor circuit contactor. Contact your local supplier for details of appropriate

brakes.

You can wire a motor's brake, via relays, to digital outputs on connector X6; see
Control connections to the control unit on page 64. This provides a way for the
MotiFlex €180 to control the motor's brake. A typical circuit is shown in the following

diagram:

X6
USR V+

DOO0

\'\ Pre-charging circuit

User User
supply supply
V+ GND
1
%Z % Relay
2

.
! from motor brake
I connections
'
L

+24 'V (A%
The relay has normally open Separate
contacts and is shown deactivated customer
(contacts open, brake engaged). supplied
24V DC supply

The inner shield
surrounding the
brake wires should
be earthed/grounded
at one point only.

A
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This circuit uses DOO as a motor brake output. The output is configured using Mint
keyword MOTORBRAKEOUTPUT; see the Mint help file for details. With this
configuration, the following sequences can be used to control the brake.

To engage the brake:

* The motor is brought to rest under normal control;

* The relay is deactivated, causing the brake to engage;

* The drive is disabled, removing power from the motor.

To disengage the brake:

¢ The drive is enabled;

» The drive applies power to the motor to hold position under normal control;

* The relay is activated, causing the brake to be disengaged.

It is sometimes necessary to include a small delay after the relay has been activated,

before starting motion. This delay allows time for the relay contacts to engage and the
brake to release. See the Mint keyword MOTORBRAKEDELAY.

WARNING! The 24 V DC power supply used to power the brake must be a
A separate supply as shown in the diagram. Do not use the supply that is
powering the MotiFlex e180 digital outputs. The brake wires often carry noise that
could cause erratic drive operation or damage. The brake contacts must never be
wired directly to the digital outputs. The relay should be fitted with a protective flyback
diode, as shown. The separate 24 V DC supply used for the motor brake can also be
used to power the relay in the thermal switch circuit (page 75).
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Electrical installation:
input / output

What this chapter contains
The chapter describes how to connect low voltage control signals.

The following conventions will be used to refer to the inputs and outputs:

110 Input / Output

Al Analogue Input
AO Analogue Output
DI Digital Input

DO Digital Output
STO Safe Torque Off

A

WARNING! The work described in this chapter may only be carried out by a
qualified electrician. Follow the instructions in chapter Safety on page 13.
Ignoring the safety instructions can cause injury or death.

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

B Control connections to the control unit

Notes:

: E3
*Maximum 100 mA per output.
The wiring shown is for [Ethernet [ Host 1 ] To hostPC
demonstrative purposes only. X1
Further information of the usage of Relay output NC 1
the connectors and jumpers are 250 VAC /30 V DC l: COM 2
given in the text; more details are 2A NO 3
available in the chapter Technical
data. X2 m
Wire sizes and tightening o +24V OUT .'\ NN
torques: Safe Torque Off. Both cm_:uns SGND 5 Y- ﬁ
X1,X2,X9: 05 ... 25 mm? (20...12 ;‘:;‘ g‘; 2'0292 f1°é3‘he drive to STOTIN 3
AWG). Torque: 0.5 N'm (5 Ibf-in) . pag : STOZIN )
X3. X4, X5, X6. X7. X8, X10:
0.5... 1.5 mmZ (20...14 AWG). X3
Torque: 0.25 N-m (2.2 Ibf-in) Digital input 1- DI1- —
Digital input 1+ D+ 2 .
Shield Shield 3
Order of terminal headers Digital input 2- DI2- 4 — 1
and jumpers Digital input 2+ DI2+ 5 .
Shield Shield 6
X4
E3 (Ethernet) Digital input 0 DI0 1 |
Digital input 3 DI3 2 e
Digital input 4 DIF 3 L
Common reference 0 CREFO 4 4-‘—
X1 (3-pole, orange rG
Digital input 5 DI5 |~
Digital input 6 DI6 2 |~
= X2 (4-pole, yellow)™* | D&l mput 7 DI7 3 |
Common reference 1 CREF1 4 4—[
! X6
User +24 V DC USR V+ 1
X3 (6-pole, blue) Digital output 0* DO0 2
£ Digital output 1* DO1 3
!, Digital output 2* DO2 4
. X4 (4-pole, blue) Digital output 3* DO3 5
. ' X7
T Analogue input 0+ AlO+ 1
| X5 (4-pole, blue) Analogue input 0- AlO- 2 Differential
Analogue ground AGND 3 and single-
= ended
Analogue input 1+ Al1+ 4 connections
X6 (5-pole, blue) Analogue input 1- All- 5
Shield Shield 6
X8
X7 (6-pole, green) Analogue output 0 AOO
AGND AGND 2 El
Shield Shield 3
]—XB (3-pole, green) X9
+24 VIN 1
External power input, 24 V, 1 A |
]— X9 (2-pole, black) | GND 2
X10 T
S, | =
®®J]—x1o (2-pole, green)+ | Moter thermistor [ THZ 2

U

* Maximum 100 mA per output.

** X2 and X10 connectors are supplied with wires that allow the drive

to operate without using the STO or motor thermistor functions.
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Analogue 1/0

The MotiFlex e180 provides:
» Two 12-bit resolution £10 V analogue inputs.
* One 12-bit resolution +10 V analogue output.

An analogue input receives the torque / velocity reference signal when operating as
an analogue drive (see CONTROLREFSOURCE in the Mint help file), or it can be used
as a general purpose ADC input.

B X7: Analogue inputs AlO, Al1

The analogue inputs pass through a differential buffer and second order low-pass
filter with a cut-off frequency of approximately 1.2 kHz.

The analogue input can be connected as either a differential or a single ended input
as shown below. The analogue input is not optically isolated from internal power rails,
so care must be taken to avoid earth/ground loops and similar associated problems.
To minimize the effects of noise, the analogue input signal should be connected to the
system using an individually shielded twisted pair cable with an overall shield. The
overall shield should be connected to the chassis at one end only. No other
connection should be made to the shield.

When the MotiFlex e180 is connected to Mint WorkBench, the analogue input value
(expressed as a percentage) can be viewed using the Spy window’s Monitor tab.
Alternatively, the command Print ADC (0) can be used in the command window to
return the value of the analogue input. See the Mint help file for full details of ADC,
ADCMODE and other related ADC... keywords.

Differential inputs: connect input to AIN+ and AIN-. Leave AGND unconnected:

X7 X7

AINO+ — 1 AINO+ o——— 1

AINO- &— 2 Alo

2 Al0
(anc.0) (apc.0)
3 GND 3

Differential connection Single ended connection




A
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Typical input circuit to provide 0-10 V (approx.) input from a 24 V source:

+24V DC

1.5kQ, 025 W

1kQ, 0.25 W
potentiometer

X7

oV

Analogue input - typical connections from an ABB NextMove e100:

Al0
(apc.0)

NextMove e100 MotiFlex e180
+15V
X13 X7
A
AKX
1 |Demand0 ~ Ao+ 1 _
I I L mint
2 AGND H H AlO- 2 ADC.0
[l [l Y NAb §
[l [l N
) [ [ 15V
3 yShield vy Y
.
Connect overall shield at
one end only
Analogue input - typical connections from an ABB AO561:
AO561 MotiFlex e180
+15V
X7
00U+ ~ Ao+
j// 13 ] fl 1 L Mt
17 001- H H AlO- 2 ADC.0
[ I
[ [
[l [l 15V
18¢36 Y Y
1

Connect overall shield at
one end only
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B X8: Analogue output AOO

The analogue output can be used to drive loads of 1 kQ or greater. Shielded twisted
pair cable should be used. The shield connection should be made at one end only. In
Mint, the analogue output can be controlled using the DAC keyword. See the Mint
help file for full details of DAC and other related DAC... keywords.

Analogue output - typical connections to an ABB NextMove e100:

MotiFlex 180 NextMove e100
X8 X12

A N e ]
:‘// 1 |A00 H H AINO+| 4 Al A >
2 [GND || ||_AINO-|
I I EE A
owed 1 —
SN .

Connect overall shield at
one end only

Analogue output - typical connections to an ABB Al523:

MotiFlex e180 Al523
X8
[ [
1 [a00_, LT Py
2 [GND_ || W 1044,
[

Connect overall shield at
one end only
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Digital 1/0

The MotiFlex e180 provides:

» 8 general purpose digital inputs.

» 2 dedicated Safe Torque Off (STO) inputs.
* 4 general purpose digital outputs.

B Using a digital input as a drive enable input (optional)

A general purpose digital input can be configured as a ‘drive enable input’. This input
must be activated to allow the drive to operate. This provides an additional method for
stopping the drive using a hardware switch or external PLC/controller (e.g. AC500 or
NextMove e100) although it does not provide any of the formal safety features of the
Safe Torque Off inputs (see page 183). The optional drive enable input is configured
using the Digital I/0 tool in Mint WorkBench.

B Using a digital input as a home switch input (optional)

If homing is being handled locally by the MotiFlex 180, the axis home switch (if
present) must be wired directly to the home input on the MotiFlex €180, otherwise it
will not be able to complete its internal homing routines. The home switch input is
configured using the Digital 1/0 tool in Mint WorkBench, or by using the Mint

HOME INPUT keyword. Other HOME... keywords define the homing sequence.

If homing is being handled by an EtherCAT® master over Ethernet, and the master is
profiling the motion, there are three options. The choice depends on the accuracy
required for the homing and the EtherCAT cycle-time:

» The axis home switch is wired to an input on the MotiFlex €180, and then mapped
back to the master over EtherCAT;

* The home switch is wired directly to the EtherCAT master.

» The home switch is wired to one of the fast inputs (DI1 / DI2), and the master
enables the drive’s touchprobe function. See the Mint WorkBench help file for
details.

B X2: Digital inputs - Safe Torque Off (STO) inputs

The two safe torque off (STO) inputs are identical. Each input directly enables part of
the motor output control circuit. Both inputs must be powered to allow the

MotiFlex €180 to supply power to the motor. If an additional hardware drive enable
input is used to control the MotiFlex €180, it must not be wired with the STO input
circuit. The state of the STO inputs can be viewed using the Mint WorkBench Spy
window's Axis tab. See the Mint help file for details.

See Appendix: Appendix: Safe Torque Off (STO) on page 183.
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These general purpose fast digital inputs are buffered by an opto-isolator, allowing
the input signal to be connected with either polarity. When the MotiFlex €180 is
connected to Mint WorkBench, the digital input can be configured using the Digital I/O
tool. Alternatively, Mint keywords including RESETINPUT, ERRORINPUT, STOPINPUT,
FORWARDLIMITINPUT, REVERSELIMITINPUT and HOMEINPUT can be used. The
state of the digital inputs can be viewed using the Mint WorkBench Spy window's Axis
tab. See the Mint help file for details.

Digital input - typical connections from an ABB NextMove e100:

NextMove e100

Digital input - typical connections from an ABB DO561:

User
supply
24V
X1
g [USRV+ x3
N N DI+
1 T i
[ [l
usk | [l
GND || [l bpn
10
& E hiel
= ]
User
supply
GND

DO561

User

supply
24V

X3

It

TLP115A

20

It

TLP115A
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B Special functions on inputs DI1 & DI2

DI1 and DI2 can be configured to perform special functions.

Step (pulse) and direction inputs

DI1 and DI2 can be configured using the statement ENCODERMODE (1) =4 to become
step and direction inputs:

* DI1is used as the step input. The step frequency controls the speed of the motor.

» DI2is used as the direction input. The state of the direction input controls the
direction of motion. An active input results in forward motion. An inactive input
results in motion in the opposite direction.

Encoder input

DI1 and DI2 can be configured using the statement ENCODERMODE (1) =0 to form an
additional encoder input. The two channels are read as a quadrature (CHA, CHB)
encoder input.

In Mint, the encoder input formed by digital inputs DI1 and DI2 is encoder 1. The
primary motor feedback encoder source on connector X13 is encoder 0, and the
master incremental encoder on connector X11 is encoder 2; see pages 82-88.

Fast latch input

DI1 or DI2 can be configured using the LATCHTRIGGERCHANNEL keyword to become
a fast latch input. This allows the position of the axis to be captured in real-time and
read using the Mint keyword LATCHVALUE. The input can be configured using the
LATCHTRIGGEREDGE keyword to be triggered either on a rising or falling edge.
Further control of position capture is provided by various other keywords beginning
with LATCH.... See the Mint help file for details.

The maximum latency to read the fast position depends on the feedback device. For
an incremental encoder, the latency is approximately 150 - 300 ns. For other
feedback devices latency can be up to 62.5 ps, resulting from the 16 kHz sampling
frequency used for these types of feedback device. The fast interrupt is latched on a
pulse width of about 30 us, although a width of 100 us is recommended to ensure
capture. The captured value is latched in software to prevent subsequent inputs
causing the captured value to be overwritten.

Note: The fast inputs are particularly sensitive to noise, so inputs must use shielded
twisted pair cable. Do not connect mechanical switches, relay contacts or other
sources liable to signal ‘bounce’ directly to the fast inputs. This could cause unwanted
multiple triggering.
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B X4 & X5: Digital inputs - general purpose DIO0, DI3 - DI7

These general purpose digital inputs are buffered by an opto-isolator, allowing the
input signals to be connected with either polarity. Inputs DIO, DI3 and DI4 share
common reference CREFO. Inputs DI5 - DI7 share common reference CREF1. When
the MotiFlex e180 is connected to Mint WorkBench, the digital inputs can be
configured using the Digital I/O tool. Alternatively, Mint keywords including
RESETINPUT, ERRORINPUT, STOPINPUT, FORWARDLIMITINPUT,
REVERSELIMITINPUT and HOMEINPUT can be used. The state of the digital inputs
can be viewed using the Mint WorkBench Spy window's Axis tab. See the Mint help

file for details.

Digital input - typical connections from an ABB NextMove e100:

NextMove €100

MotiFlex e180

User
supply
24V
X11
USR V+ x4
DOUTO DIO
CREFQ
USR GND

Lipd

Opto-isolator

GND
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Digital input - typical connections from an ABB DO561:

User
DOS561 ;zsply MotiFlex e180
X4
| 4o [UP
BN e DIo
CREFO
LAA, 20 12°
User
supply

GND

Digital input - typical current sourcing connections to a digital input:

User ¢ MotiFlex €180
supply
24V

X5

DI5

CREF1

User
supply
GND
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B X6: Digital outputs - general purpose DOO - DO3

The general purpose digital outputs are optically isolated. They source current from
the user supply as shown below. The maximum saturated voltage across the outputs
when active is 1.0 V DC, so it can be used as a TTL compatible output.

The output includes a self-resetting fuse that operates at approximately 200 mA. The
fuse can take up to 20 seconds to reset after the load has been removed. If the output
is used to directly drive a relay, a suitably rated diode must be fitted across the relay
coil, observing the correct polarity. This is to protect the output from the back-EMF
generated by the relay coil when it is de-energized. The sense of the output can be
configured in Mint WorkBench, and its state is displayed in the Spy window.

When the MotiFlex €180 is connected to Mint WorkBench, the active level of the
output can be configured using the Digital I/O tool. Alternatively, the Mint keyword
OUTPUTACTIVELEVEL can be used in the command window. Other Mint keywords
such as COMPAREOUTPUT, GLOBALERROROUTPUT, DRIVEENABLEOUTPUT and
MOTORBRAKEOUTPUT can be used to configure the output. The state of the digital
outputs can be viewed using the Mint WorkBench Spy window Axis tab.

Note: By default DOO is configured as a global error output. Use the Digital I/O tool or
the Mint command GLOBALERROROUTPUT = -1 to release the output for other
purposes. See the Mint help file for details.

Digital output - typical connections to an ABB NextMove e100:

User

suppl
MotiFlex e180 X6 IZ“SP v X9 NextMove €100

1 [usrRv+

User
I Lupply -
GND
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Digital output - typical connections to an ABB DI561:

User

suppl
MotiFlex 180 X6 245') v DI561
| _ _ 1 4 [USRV+

}‘
A
E,,,,ZDOO 10

co.7|

User
i supply -

GND

Other 1/O

B X1: Relay (DO4)

For control purposes the relay is considered to be another digital output (DO4), and
can be controlled directly using the Mint OUT or OUTX keywords. The relay can be

configured as the global error output by setting GLOBALERROROUTPUT=4. See the
Mint help file.

Relay connections:

MotiFlex 180
X1
2 |Relay COM
% M
Mint—> I 3 |Relay NO
1 |Relay NC

B X9: External power supply for the control unit (optional)
External +24 V, 1 A power supply for the control unit can be connected to terminal
block X9. Using an external supply is recommended if:

» the application requires fast start after connecting the drive to the main input
supply.
» fieldbus communication is required when the main input supply is disconnected.




Electrical installation: input / output 75

B X10: Thermistor input

Motor overheating can be monitored using switch or a PTC sensor connected to the
thermistor input. When the motor overheats and triggers the overtemperature input,
the MotiFlex €180 is normally disabled.

One PTC sensor Three PTC sensors

—
T
=

. . TH1

Motor \ [ o
— —— TH2

—
T
N

Connecting motors with normally closed switch contacts

Some motors contain a thermal switch with normally closed contacts. When the motor
overheats the switch contacts open. For this type of motor, connect the switch contact
outputs directly to TH1 and TH2, as shown below:

Using a switch controlled motor overtemperature output:

MotiFlex e180

Connecting motors with temperature dependent resistive output

Some motors contain a thermistor based resistive output. As the motor temperature
increases, the resistance between the thermal output connections increases. For this
type of motor, the thermal output connections may be connected directly to TH1 and
TH2, but care must be taken to ensure that the resistance is sufficient to trigger the
MotiFlex €180 input circuit.

To ensure triggering of the input circuit, the resistance between TH1 and TH2 must
exceed 3.2 kQ. If the motor thermistor does not achieve this resistance at the
required trip temperature, it will be necessary to include an additional fixed resistor in
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the circuit, as shown below. The total resistance must fall to less than 2.8 kQ (typical)
to re-enable the drive.

Using a thermistor controlled motor overtemperature output:

MotiFlex €180

X10
Rfix N

T
1
[
I
RTL@\ |
!
!

Example 1:
Motor maximum temp. = 130°C

Rr=6kQ @ 130°C
Rt > 3.2 kQ, so Ry not required

Example 2:
Motor maximum temp. = 130°C

Rr=2kQ @ 130°C
Add Ry = 1.2 kQ, so that Ry + Ry > 3.2 kQ

Note: To remove the trip, Rt + Ry must reduce to less than 2.8 kQ.

Use a shielded twisted pair for the motor temperature connection, with the overall
cable shield (screen) connected to the metal backplane or optional bracket (see page
78).

The state of the motor overtemperature input can be read using the
MOTORTEMPERATURESWITCH keyword. The resulting behavior of the MotiFlex e180
can be controlled using the MOTORTEMPERATUREMODE keyword. See the Mint help
file for details.
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B Linear switches - startup functions
The linear switches are read once at startup.

1: Selects normal IP address configuration, or a fixed IP address. The fixed IP
address (192.168.0.1) allows the drive to be accessed if the software assigned IP
address is not known.

Fixed IP address 192.168.0.1 Software assigned IP address

2: Selects normal operation or firmware recovery mode. Recovery mode allows new
firmware and other configuration files to be downloaded. The fixed IP address
192.168.0.1 is enabled and the 1 symbol is displayed. Mint WorkBench allows you to
update firmware and view the file system.

Recovery mode Normal operation
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B Control cable grounding

The shields of all control cables connected to the control unit must be grounded at the
control cable clamp plate. Use M4 screws to fasten the plate as shown below left. The
plate can be fitted either at the top or bottom of the drive.

The shields should be continuous as close to the terminals of the control unit as
possible. Only remove the outer jacket of the cable at the cable clamp so that the
clamp presses on the bare shield. At the terminal block, use shrink tubing or
insulating tape to contain any stray strands. The shield (especially in case of multiple
shields) can also be terminated with a lug and fastened with a screw at the clamp
plate. Leave the other end of the shield unconnected or ground it indirectly via a few
nanofarads high-frequency capacitor (e.g. 3.3 nF / 630 V). The shield can also be
grounded directly at both ends if they are in the same ground line with no significant
voltage drop between the end points.

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

Mounting the clamp plate

0.7 N'm (6.2 Ibf-in) Use shrink tubing or tape to contain strands

=B g
CNGODER + HALLS.
x12

il

-01
18
i

Remove outer
jacket of cable at
clamp to expose
cable shield

1.5N-m
(13 Ibf-in)
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Ethernet ports

B E1/E2: Ethernet fieldbus

Pin 1

-
L%

Activity

TX+
TX-

RX+
(NC)
(NC)
RX-

(NC)
(NC)

oO~NOO O WON -

The E1 and E2 Ethernet ports on the top panel of the MotiFlex €180 are used for
Ethernet fieldbus connections such as EtherCAT® and Ethernet POWERLINK®. For
full details about the fieldbus connections, see the Mint WorkBench help file.

In an EtherCAT network the E1 (IN) port must be connected to the master side of the
network. The E2 (OUT) port, if used, must be connected to the IN port of the next
slave device in the network. Set both front panel rotary HI / LO switches to 0 to select
EtherCAT slave mode.

In an Ethernet POWERLINK network the connectors are identical.

See MotiFlex e180 indicators on page 111 for a description of the fieldbus status
indicators.

EtherCAT connections:

EtherCAT master
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B E1/E2: Ethernet port configuration

The rotary switches are read once at startup. They select the mode of operation for
the Ethernet fieldbus connectors E1 and E2 on the top panel of the drive. See page
79.

Value Mode

HI
00 EtherCAT slave mode
01-EF Ethernet POWERLINK CN mode: selected value is node ID
FO Reserved

LO F1 Reserved

F2-FF Reserved

B E3: Ethernet host

The Ethernet host port is used to connect a PC for configuring the MotiFlex e180.
See section Start-up on page 93 for details about configuring the PC’s Ethernet
adapter for communication with the MotiFlex e180.
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Motor feedback modules

The MotiFlex €180 can be supplied with a range of feedback options to support
different types of motor feedback. All options provide a master incremental encoder
input and incremental encoder output.

B Attaching the feedback module: FB-01, FB-02, FB-03
1. 2.

A1
ENCIN X12

[

seuww

1. 11 I

Torx T10
1 N'm
e "
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B All feedback options: Incremental encoder input (X11)

The incremental encoder input connections supports A/B channels and a Z index
channel. The encoder inputs (CHA, CHB and CHZ) accept differential signals only.
Twisted pairs must be used for each complementary signal pair e.g. CHA+ and CHA-.
The encoder supply on pin 9 provides 5.5 V to the encoder (250 mA max).

X11 can also be configured to operate as a pair of step (pulse) and direction inputs,
by using the statement ENCODERMODE (2) =4. See the Mint help file for details.

* CHA+/CHA- are used as the step input. The step frequency controls the speed of
the motor.

» CHB+/CHB- are used as the direction input. The state of the direction input
controls the direction of motion. An active input results in forward motion. An
inactive input results in motion in the opposite direction.

If you are using a motion controller such as NextMove e100 to supply the signals, it
must provide differential step and direction outputs, e.g. NXE100-16xxDx.

Pin 1
1 CHA+/Step+ o opA ) Step-
2 CHB+/Dir+ .
7 CHB-/ Dir-
3 CHz+
8 CHz-
4 (NC) 9 +5.5Vout
5 GND '
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B All feedback options: Incremental encoder output (X12)

The incremental encoder output connections provide A/B channels and a Z index
channel. Twisted pairs must be used for each complementary signal pair e.g. CHA+
and CHA-. The encoder output can be connected to the encoder input of a motion
controller such as NextMove €100 to provide position feedback.

The A/B outputs are a pair of synthesized* pulse trains with a 50% duty cycle, 90
degrees out of phase. The ENCODEROUTCHANNEL Mint keyword is used to define the
source signal. This can be the encoder input at connector X11, X13, or digital inputs 1
and 2 when they are set to behave as an encoder input (see Special functions on
inputs DI1 & DI2 on page 70). The frequency of the A/B outputs is varied according to
the source signal, and can be scaled using the ENCODEROUTRESOLUTION Mint
keyword. There is a propagation delay of up to 125 us*.

Pin 1

1 CHA+ 5 CHA.
2 CHB+

7 CHB-
3 CHz+

8 CHz-
4 (NC) 5 (NC)
5 GND

* On feedback option FB-01, the output at X12 is identical to the input at X13 with no
propagation delay, provided the output resolution is set to match the input resolution.
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B Feedback option FB-01 (+L517): Incremental encoder with Halls
(X13)

The incremental encoder connections (ABZ channels and Hall signals) are made
using the 15-pin D-type female connector X13. The encoder inputs (CHA, CHB and
CHZ) accept differential signals only. Twisted pairs must be used for each
complementary signal pair e.g. CHA+ and CHA-. The Hall inputs may be used as
differential inputs (recommended for improved noise immunity) or single ended
inputs. When used as single ended inputs, leave the Hall U-, Hall V- and Hall W- pins
unconnected. The overall cable shield (screen) must be connected to the metallic
shell of the D-type connector. The encoder supply on pin 12 provides 5.5 V to the
encoder (250 mA max). Maximum cable length is 30 m.

Pin 1
1 CHA+ 9 CHA-
2 CHB+
10 CHB-
3 CHz+
11 CHZz-
4 (NC)
12 +5.5V out
5 HALL U-
13 DGND
6 HALL U+
14 HALL W-
7 HALLV- 15 HALL W+
8 HALLV+
Motor Twisted pairs X13
i XX T o | G
1l — 2 CHB
Encoder ; ; XX ; ; 130 CHBT
N H CHZ+ (INDEX
Feedback h XX - 1 | CHz- ((INDEX))
H H 12 | +5.5V out
T Ll 43 | DGND
I [
| H 6 | Hallu
Hall - XX : o | haloe
8 | Hall w+
Feedback H XX H 7 ng W-
15 | Hall V+
{ XX i‘ 1 | Halve
A N —

Connect overall
shield to connector
backshells
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B Feedback option FB-02 (+L518): Serial interfaces + SinCos (X13)

The FB-02 feedback option supports the following feedback types, for use with linear
and rotary motors:

» BIiSS (Bi-directional Synchronous Serial Interface)

» SSI (Synchronous Serial Interface)

« EnDat, Hiperface, or Smart Abs absolute encoders

» SinCos encoders (1 V pk-pk, 2.5 V reference).

Twisted pairs must be used for each complementary signal pair e.g. CHA+ and CHA-
or Data+ and Data-. Maximum cable length is 30 m.

The overall cable shield (screen) must be connected to the metallic shell of the D-
type connector. The encoder supply on pin 12 provides either 5.5V or 8 V to the
encoder (250 mA max), selected using the jumper.

Connection summary:

Pin 1

Pin EnDat BiSS, SSI Smart Abs Hiperface SinCos
21 or
EnDat 2.2
1 Data+ Data+ Data+ Data+ (NC)
2 Clock+ Clock+ (NC) (NC) (NC)
3 (NC) (NC) (NC) (NC) (NC)
4 (NC) (NC) (NC) (NC) (NC)
5 Sin- (NC) (NC) Sin- Sin-
6 Sin+ (NC) (NC) Sin+ Sin+
7 Cos- (NC) (NC) Cos- Cos-
8 Cos+ (NC) (NC) Cos+ Cos+
9 Data- Data- Data- Data- (NC)
10 Clock- Clock- (NC) (NC) (NC)
11 (NC) (NC) (NC) (NC) (NC)
12 | +565V/8V*| 55V /8V* | 55V /8V* | 55V/8V* | 55V /8V*
13 DGND DGND DGND DGND DGND
14 (NC) (NC) (NC) (NC) (NC)
15 (NC) (NC) (NC) (NC) (NC)

* The switch or jumper selects the voltage output on pin 12. Check the feedback
device’s power input specifications before using the 8 V position.

1 |

L]

8V 55V
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EnDat interface

Incremental and absolute (multi and single turn) devices are supported. It is possible
to read and write information to the encoder. The absolute encoder connections are
made using the 15-pin D-type female connector X8. The Sin and Cos channels are
not required when using a version 2.2 EnDat encoder.

EnDat 2.1 interface cable connections:

Motor
A Twisted pairs
B XX Datat
Absolute i gii:‘ta'
Encoder .9 1 B XX Sine
S ® Cos-
CE=i L —
Wz SO Clock+
Clock-
+5V out
DGND Connect
o e internal
N S Yo shields to
\_ Connect overall shield to _" pin 13.
connector backshells

BiSS interface

The BiSS (Bi-directional Serial Synchronous interface) is an open-source interface
that can be used with many types of absolute encoder.

BiSS interface cable connections:

Motor X13
Twisted pairs
Absolute n P n
et o 1 | Data+
Encoder ° XX 2 U1 9 | pate-
o — 2 | Clock+
9] BB
(=8¢ > 1o | clock-
o= — 12 | +5V out
£ XX 13 | DGND Connect
internal
j) - shields to
Y < Chassis pin 13.
\ Connect overall shield to /

connector backshells
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SSI encoders

SSl interface cable connections:

Motor ) ) X13
" Twisted pairs "
Absolute 1 | Data+
Encoder P I - XX - ! | 9 | Data-
_ 9 — 2 | Clock+
O=p | F——C0— |
= — et 12 | +5V out
S XX iU 113 | DGND  Connect
R internal
T j) e shields to
e Chassis in 13.
N__ Connect overall shieldto 7 P

connector backshells

Smart Abs encoders

Smart Abs interface cable connections:

Motor X13
n Twisted pairs n
Absolute - SOX I 1 | Data+
Encoder 2 o - =—| 9 | Data-
< g i H
55 i H 112 | +5Vout
9 : “ +5V ou
5 E L XX {13 | DGND
7777777 j{”,,”””,,”””””””””}f,, Chassis
Connect overall shield to /
connector backshells
ER6V

\ Multi-turn Smart Abs encoders require an additional battery supply
to retain position information when the drive is not powered.

Hiperface interface

Hiperface interface cable connections:

Motor
Twisted pairs x13
Absolut = a 1 | Data+
solute . .
o XX o 9 | Data-
Encoder » o i o e | e
Q0 T XX i -
(%g £ L X ﬂ L B
Q T 0S-
:%E i XX U 8 | Cos+
™ H———1 12 | +8 V out
- ) 13 [ DGND  Connect
jﬁ ﬁ) o internal
T 4 Chassis shields to
N\ Connect overall shieldto —~ pin 13.

connector backshells
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SinCos interface

SinCos interface cable connections:

Motor X13
;N Twisted pairs
o Sin-
T XX Sint
SinCos I XX gg:,,
Feedback s +5V out
o XX DGND Connect
internal
E[) : shields to
. S [ Chassis  pin 13.
Connect overall shield to

connector backshells

B Feedback option FB-03 (+L516): Resolver (X13)

The FB-03 feedback option supports resolvers. Maximum cable length is 50 m.

GND

5 .
4 (NC) 9 Shield
8 SIN-
3 SIN+
7 COSs-
2 COs+ 6 REF
1 REF+

Pin 1

Resolver cable connections:

/ Motor X13
n

" Twisted pairs
R1 1 | REF+ (out
Resol R2 [ XX v U6 | REF- ((oouut))
esolver S1 — — 2 | COS+
Feedback g Fsa U XX = j‘,H 7 | cos-
S2 HAr - 3 | SIN+
g FS4 L XX Lol 8 | SIN-
«t--1 5 | GND Connect
internal
9 | Shield shields to

— pin 5.
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B Feedback option FB-04 (+L530): DSL (X13)

The FB-04 feedback option supports Hiperface DSL. The MotiFlex e180 should
operate with any Hiperface DSL device, although support is guaranteed only for
motors in the Mint WorkBench motor database. Maximum cable length is 30 m.

Pin 1
1  DSL+
T 2 DSL-
% o 3 Shield

DSL interface cable connections:

Motor
. . X13
Twisted pairs
Absolute A P A 1 | ost
+
encoder B X=X B > | bsL

S - ¢ 3 | shield

DSL
interface

Hiperface DSL provides the motor thermistor resistance as part of the feedback data.

If this value exceeds the value set by the Mint keyword MOTORTEMPERATURETRIP,

the drive trips with a motor overtemperature error (10019). The MotiFlex €180

attempts to read the state of the temperature indication every 100 ms. If other

processing duties prevent the temperature being read for more than 200 ms, axis /
warning 20006 is raised.

Fit a wire loop to connector X10 to suppress the normal motor temperature detection.
' ®"'®F]

If the drive’s 24 V supply is removed wait at least 10 seconds before reconnecting the
supply. This allows the FB-04 module to restart correctly.
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Installation checklist

Checklist

Check the mechanical and electrical installation of the drive before start-up. Go
through the checklist together with another person.

WARNING! Only qualified electricians are allowed to carry out the work

described below. Read the safety instructions on the first pages of this manual
before you work on the unit. Ignoring the safety instructions can cause injury or death.
Open the main disconnector of the drive and lock it to open position. Measure to
ensure that the drive is not powered.

Check

MECHANICAL INSTALLATION

O The ambient operating conditions are allowable. (See Mechanical installation,
Technical data: Ratings, Ambient conditions.)

O The unit is fastened properly to the cabinet. (See Cabinet construction and
Mechanical installation.)

O The cooling air will flow freely.

O The motor and the driven equipment are ready for start. (See Planning the electrical

installation, Technical data: Motor connection.)

ELECTRICAL INSTALLATION (See Planning the electrical installation, Electrical installation:
AC input, motor and brake.)

O The VAR screw is removed if the drive is connected to an IT (ungrounded) supply
network.
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Check

The capacitors are reformed if stored over one year (ask local ABB representative for
more information).

The drive is grounded properly.
The supply (input power) voltage matches the drive nominal input voltage.

The supply (input power) is connected to U1/V1/W1 (UDC+/UDC- in case of a DC
supply) and the terminals are tightened to specified torque.

Appropriate supply (input power) fuses and disconnector are installed.

The motor is connected to U2/V2/W2, and the terminals are tightened to specified
torque.

The braking resistor (if present) is connected to R+/R-, and the terminals are
tightened to specified torque.

The motor cable (and braking resistor cable, if present) is routed away from other
cables.

There are no power factor compensation capacitors in the motor cable.
The external control connections to the control unit are OK.
There are no tools, foreign objects or dust from drilling inside the drive.

The supply (input power) voltage cannot be applied to the output of the drive through
a bypass connection.

Motor connection box and other covers are in place.
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Start-up

What this chapter contains

This chapter describes software installation and the start-up procedure of the drive.

Safety

WARNING! Read the Safety instructions on the first pages of this manual
before performing any maintenance on the equipment. Ignoring the safety
instructions can cause injury or death.

Introduction

Before powering the MotiFlex e180 you must connect it to the PC using an Ethernet

cable and install the Mint WorkBench software on the PC. This includes a number of
applications and utilities to allow you to configure, tune and program the

MotiFlex e180. Mint WorkBench and other utilities can be downloaded from the

SupportMe pages of www.abbmotion.com. <>

Connect the MotiFlex e180 to the PC

Connect a CAT5e Ethernet cable between the PC and the MotiFlex e180 E3 Ethernet
port on the front panel. Do not connect the cable to the E1 or E2 ports on the top of
the drive.

NOTE! You cannot connect an ordinary office PC to the MotiFlex €180 without
first altering the PC's Ethernet adapter configuration. See Configure the PC
Ethernet adapter on page 94.
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Install Mint WorkBench

The Windows user account requires administrative user rights to install Mint
WorkBench. To install Mint WorkBench from www.abbmotion.com, download the
application and run it.

Configure the PC Ethernet adapter

It is necessary to alter the PC's Ethernet adapter configuration to operate correctly
with the MotiFlex e180. By default, the MotiFlex e180 has a static IP address of
192.168.0.1. This can be changed using the Configuration tool in Mint WorkBench.

NOTE! You cannot connect an ordinary office PC to the MotiFlex 180 without

first altering the PC's Ethernet adapter configuration. However, if you have
installed a second Ethernet adapter dedicated for use with the MotiFlex €180, then
this adapter's configuration can be altered without affecting the PC's office Ethernet
connection. A USB to Ethernet adapter is a convenient way to add a second Ethernet
adapter to a PC. If you are unsure about making changes to your PC's Ethernet
adapter configuration, or are prevented by user permission levels, ask your |.T.
administrator to assist you.

The following explanation assumes the PC is connected directly to the

MotiFlex €180, and not across an intermediate Ethernet network. If you wish to
attempt the connection through an intermediate Ethernet network, then the network
administrator must be consulted to ensure that the necessary IP address is allowed
and is not already allocated on the network.

1. On the Windows 7 Start menu, choose Control Panel, then Network and Sharing
Center. (Windows 8.1: From the Start screen, click the down arrow or swipe up to
go to the Apps screen. Choose Control Panel, Network and Internet, Network and
Sharing Center).

2. On the left of the window, click Change Adapter Settings. Double click the icon for
the required Ethernet adapter, then click Properties.

3. Select the ‘Internet Protocol Version 4 (TCP/IPv4)' entry and click Properties.

4. On the General tab, make a note of the existing settings. Click Advanced... and
make a note of any existing settings. Click Cancel and then click the Alternate
Configuration tab and make a note of any existing settings.

5. On the General tab, choose the ‘Use the following IP address' option.

6. Inthe IP address box, enter an IP address, e.g. 192.168.0.241. This is the IP
address that will be assigned to the Ethernet adapter.

In the Subnet mask box, enter 255.255.255.0 and click OK.
8. Click Close to close the Local Area Connection Properties dialogue.
9. Click Close to close the Local Area Connection Status dialogue.
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Enable the Ethernet adapter for Mint WorkBench

Before Mint WorkBench can use the Ethernet adapter to discover the MotiFlex 180,
the adapter must be enabled in the Mint HTTP server.

1. On the Windows 7 task bar in the notification area, right-click the Mint HTTP
server icon and choose Properties. (Windows 8.1: On the Start screen, click the
Desktop icon to access the desktop first.)

2. In the Discovery area, check the required local area connection, then click OK.

Start the MotiFlex e180

If you have followed the instructions in the previous sections, you should have now
connected the power sources, your choice of inputs and outputs, and the Ethernet
cable linking the PC to the MotiFlex e180.

B Preliminary checks

Before you apply power for the first time, check all items in Installation checklist,
starting on page 91.

B Power on checks

See section Drive status display on page 114 for symbols that show if the drive has
detected a fault.

1. Turn on the 24 V DC supply (if connected).
2. Turn on the AC supply.

3. The drive status display shows a test sequence which normally takes
approximately 15-20 seconds. The sequence ends with the = symbol, or = if an
STO input (page 183) is not powered. Startup can take more than 1 minute after
downloading new firmware.

4. To allow the Commissioning Wizard to function, the Safe Torque Off inputs (page
183) need to be powered to allow the MotiFlex e180 to be enabled.

O
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Start Mint WorkBench

Mint WorkBench is a fully featured application for programming and controlling the
MotiFlex e180. Mint WorkBench includes a comprehensive help file that contains
information about every Mint keyword, how to use Mint WorkBench, and background
information on motion control topics. Press F1 to display the help file. For help on
using Mint WorkBench, click the red Mint WorkBench icon on the opening page.

1. On the Windows Start menu, select All Programs, ABB, Mint WorkBench, Mint
WorkBench. (Windows 8.1: On the Apps screen, click the Mint WorkBench icon.)

In the opening dialogue box, click Start Online Project...

3. Wait until the MotiFlex e180 is listed in the Controllers found box, e.g.
“MotiFlex e180 on 192.168.0.71".

4. Select the MotiFlex €180 in the list, and check Launch Commissioning Wizard.
5. Click Select.

Note: If the MotiFlex e180 is not listed, check the Ethernet cable is connected to the
E3 port on the front panel of the drive, not E1 or E2 on the top panel. Check that the
MotiFlex e180 is powered correctly and the startup sequence (see Power on checks,
above) has completed. Ensure you have enabled the Ethernet adapter for Mint
WorkBench (see page 95). Click Scan to re-scan the ports. It can take up to 5
seconds for Mint WorkBench to detect the MotiFlex e180.

6. Mint WorkBench connects to the MotiFlex e180 and displays the Commissioning
Wizard.

Note: If Launch Commissioning Wizard was not checked, Edit & Debug mode is
displayed.
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Commissioning Wizard

Each type of motor and drive combination has different performance characteristics.
Before the MotiFlex €180 can be used to control the motor accurately, the

MotiFlex €180 must be ‘tuned'. Tuning is the process where the MotiFlex e180
powers the motor in a series of tests. By monitoring the drive's output and the
feedback from the motor's encoder, the MotiFlex €180 can make small adjustments
to the way it controls the motor. This information is stored in the MotiFlex e180 and
can be uploaded to a file if necessary.

The Commissioning Wizard provides a simple way to tune the MotiFlex e180 and
create the necessary configuration information for your drive/motor combination, so
this is the first tool that should be used. If necessary, any of the parameters set by the
Commissioning Wizard can be adjusted manually after commissioning is complete.

B Using the Commissioning Wizard

Each screen of the Commissioning Wizard requires you to enter information about
the motor, drive or application. Read each screen carefully and enter the required
information. When you have completed a screen, click Next > to display the next
screen. If you need to change something on a previous screen, click the < Back
button. The Commissioning Wizard remembers information that you have entered so
you do not need to re-enter everything if you go back to previous screens. If you need
extra help, click Help or press F1.

Select your Motor Type:

Select the type of motor that you are using; rotary or linear, brushless or induction.

Select your Motor:

Carefully enter the details of your motor. If you are using a Baldor motor, the catalog
number or spec. number can be found stamped on the motor's nameplate. If you are
using a motor with EnDat or Hiperface feedback, are using a different manufacturer’s
motor, or need to enter the specification manually, select the ‘| would like to define a
custom motor’ option.

Confirm Motor and Drive information:

If you entered the catalog or spec. number on the previous page, it is not necessary
to change anything on this screen; all the required data is entered already. However,
if you selected the ‘| would like to define a custom motor’ option, it is necessary to
enter the required information before continuing.

Motor Feedback:

If you entered the catalog or spec. number on the previous page, it is not necessary
to change anything on this screen; the feedback resolution is entered already.
However, if you selected the ‘I would like to define a custom motor’ option, it is
necessary to enter the feedback resolution before continuing.
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Drive Setup complete:

This screen confirms that drive setup is complete.

Select Operating Mode and Source:

In the Operating Mode section, choose the required operating mode. In the
Reference Source section, it is important to select ‘Direct (Host/Mint') as the
Reference Source. This allows the Autotune Wizard to operate correctly, and allows
further initial testing to be performed using Mint WorkBench. Although the

MotiFlex €180 might eventually be controlled over EtherCAT®, the ‘RT Ethernet'
reference source should be selected only after the MotiFlex €180 has been
commissioned and is ready to add to the EtherCAT network. This is selected by
choosing the Operating Mode tool in the Toolbox.

Application Limits:

It is not necessary to change anything on this screen. However, if you wish to adjust
the application peak current (App. Peak Current) and/or application maximum speed
(App. Max. Speed), then click in the appropriate box and enter a value.

Select Scale Factor:

It is not necessary to change anything on this screen. However, it is recommended to
select a user unit for position, velocity and acceleration. This allows Mint WorkBench
to display distance, speed and acceleration using meaningful units, instead of
encoder counts. For example, selecting a Position User Unit of Revs (r) means that
all position values entered or displayed in Mint WorkBench will represent revolutions.
The Position Scale Factor value changes automatically to represent the required
scale factor (the number of quadrature counts per revolution). If you need to use an
alternative unit, for example degrees, type “Degrees” in the Position User Unit box
and enter a suitable value in the Position Scale Factor box. Separate velocity and
acceleration units can also be defined. See the Mint help file for more information
about scale factors.

Profile Parameters:

It is not necessary to change anything on this screen. However, if you wish to adjust
the parameters for any control method, click in the appropriate box and enter a value.

Analogue input parameters:

It is not necessary to change anything on this screen. However, if you wish to adjust
the analogue inputs, click Common Settings to select the input range. The Tune
Offset button automatically adjusts the input to compensate for any DC offset.

Operation setup complete:

This screen confirms that operation setup is complete.
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Autotune Wizard

The Autotune Wizard tunes the MotiFlex €180 for optimal performance with the
attached motor. This removes the need for manual fine-tuning of the system,
although in some critical applications this might be required.

Click Options... to configure optional autotuning parameters. These include Triggered
Autotune which allows the autotuning process to be delayed until the drive is
enabled.

WARNING! The motor moves during autotuning. For safety it is advisable to
disconnect any load from the motor during initial autotuning. The motor can be
tuned with the load connected after the Commissioning Wizard has finished.

Autotune:

Click START to begin the auto-tuning process. Mint WorkBench takes measurements
from the motor and then performs small test moves.

For further information about tuning with the load attached, see Further tuning - with
load attached on page 101.

Note: Even if you do not perform any further tuning or configuration, the STO function
must be tested; see Appendix: Safe Torque Off (STO) on page 183.

B Further tuning - no load attached

The Autotune Wizard calculates many parameters that allow the MotiFlex €180 to
provide good control of the motor. In some applications, these parameters need to be
fine-tuned to provide the exact response that you require.

1. Click the Fine-tuning icon in the Toolbox on the left of the screen.

The Fine-tuning window is displayed at the right of the screen. This already shows
some of the parameters that have been calculated by the Commissioning Wizard.

The main area of the Mint WorkBench window displays the capture window.
When further tuning tests are performed, it displays a graph representing the
response.

2. The Fine-tuning window has a number of tabs the bottom.
Click on the Velocity tab.

Some tabs might not be available depending on the configuration mode you
selected in the Commissioning Wizard.

3. Inthe Test Parameters area at the bottom of the tab, click in the Move Type drop
down box and select Forward.

O
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Enter values in the Velocity and Distance boxes to create a short move. The
values you enter depend on the velocity scaling factor that was selected in the
Commissioning Wizard. This example assumes the velocity scaling factor was
selected as Revs Per Minute (rpm), so entering a value of 1000 here creates a
move with a velocity of 1000 rpm. Similarly, assuming the position scaling factor
had been set to Revolutions (r), the value 10 creates a move lasting for 10
revolutions of the motor.

Click Go to start the test move. Mint WorkBench performs the test move and
displays a graph of the result.

Click on the graph labels to turn off unwanted traces. Leave just Demand Velocity
and Measured Velocity turned on.

Typical autotuned response (no load):
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: < — velocity
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Time{ms]

Note: The graph that you see will not look exactly the same as this one! Each motor
has a different response.

The graph shows that the response reaches the demand quickly and only overshoots
the demand by a small amount. This can be considered an ideal response for most
systems.

For further information about tuning with the load attached, see Further tuning - with
load attached on page 101.
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B Further tuning - with load attached

To allow Mint WorkBench to adjust the basic tuning to compensate for the intended
load, it is necessary to attach the load to the motor and then perform the autotune
procedure again.

1.

o

Attach the load to the motor.

2. Click the Autotune icon in the Toolbox on the left of the screen.
3.
4. Click START to begin the auto-tuning process. Mint WorkBench takes

Click the Autotune on load check box.

measurements from the motor and then performs small test moves.
Click the Fine-tuning icon in the Toolbox on the left of the screen.

In the Velocity tab's Test Parameters area, ensure the same move parameters are
entered and then click Go to start the test move.

Mint WorkBench performs the test move and displays a graph of the result.
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Optimising the velocity response

It can be desirable to optimise the default autotuned response to better suit your
application. The following sections describe the two main tuning factors and how to

correct them.

B Correcting overshoot

The following graph shows a response where the measured velocity overshoots the

demand by a significant amount.

1. Go to the Fine-tuning window's Velocity tab.

To reduce the amount of overshoot, click Calculate... and increase the bandwidth
using the slider control. Alternatively, type a larger value in the Bandwidth box.

Click OK to close the Bandwidth dialogue.

2. Click Go to start the test move. Mint WorkBench performs the test move and

displays a graph of the result.

Velocity overshoots demand:
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B Correcting zero-speed noise in the velocity response

The following graph shows a response where there is very little overshoot but a
significant amount of zero-speed noise. This can cause undesirable humming or
ringing in the motor.

1. Go to the Fine-tuning window's Velocity tab.

To reduce the amount of noise, click Calculate... and decrease the bandwidth
using the slider control. Alternatively, type a smaller value in the Bandwidth box.

Click OK to close the Bandwidth dialogue.

2. Click Go to start the test move. Mint WorkBench performs the test move and
displays a graph of the result.

Zero-speed noise:
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B Ideal velocity response

Repeat the tests described in Correcting overshoot and Correcting zero-speed noise
in the velocity response until the optimal response is achieved. The following graph
shows an ideal velocity response. There is only a small amount of overshoot and very
little zero-speed noise.

Ideal velocity response:
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B Performing test moves - continuous jog

This section tests the basic operation of the drive and motor by performing a
continuous jog. To stop a move in progress, click the red stop button or the drive
enable button on the toolbar. Alternatively, use the Mint WorkBench ‘Red Stop Button’
feature.

1. Check that the Drive enable button is pressed (down).
2. In the Toolbox, click the Edit & Debug icon.

3. Click in the Command window.
Type:
JOG (0)=10

This causes the motor to move continuously at 10 units per second. In Mint
WorkBench, look at the Spy window located on the right of the screen. Check that
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the axis tab is selected. The Spy window's Velocity display should show 10
(approximately). If there seems to be very little motor movement, it is probably
due to the scale factor. In the Commissioning Wizard, on the Select Scale Factor
page, if you did not adjust the scale factor then the current unit of movement is
feedback counts per second. Depending on the motor's feedback device, 10
feedback counts per second could equate to a very small velocity. Issue another
JOG command using a larger value, or use the Operating Mode Wizard to select
a suitable scale factor (e.g. 4000 if the motor has a 1000 line encoder, or 10,000
for a 2500 line encoder).

4. To stop the test, type:

STOP (0)

5. If you have finished testing click the Drive Enable button to disable the drive.

B Performing test moves - relative positional move

This section tests the basic operation of the drive and motor by performing a
positional move. To stop a move in progress, click the red stop button or the drive
enable button on the toolbar. Alternatively, use the Mint WorkBench ‘Red Stop Button’
feature.

1. Check that the Drive enable button is pressed (down).
2. In the Toolbox, click the Edit & Debug icon.
3. Click in the Command window.

Type:

MOVER (0) =10
GO (0)=10

This causes the motor to move to a position 10 units from its current position.

The move stops when completed.
4. If you have finished testing click the Drive Enable button to disable the drive. <>
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Further configuration

Mint WorkBench provides a number of other tools for testing and configuring the
MotiFlex e180. Every tool is explained fully in the help file. Press F1 to display the
help file, then navigate to the Mint WorkBench book. Inside this is the Toolbox book.

Configuration tool

The Configuration tool shows the MotiFlex e180 integrated configuration interface.

1. Click the Configuration tool icon in the Toolbox on the left of the screen.

2. Select Upload configuration from controller or Start new configuration.

Enter a descriptive name for the controller and click NEXT at the bottom of the
screen.

Continue through the screens making the required changes. Press F1 to display
help.

Click APPLY to save the changed settings, then CLOSE to complete the
configuration.

EtherCAT tool

The EtherCAT tool shows all information relating to the EtherCAT connection.

Ao bd =

Click the EtherCAT tool icon in the Toolbox on the left of the screen.
Wait until data is uploaded from the MotiFlex e180.
The Summary tab shows basic information about the EtherCAT connection.

Click the Object Dictionary tab (above the table) to view the current state of the
drive’s object dictionary. Press F1 to see the Mint WorkBench help file for
instructions about the screen’s tool bar.

Parameters tool

The Parameters tool can be used to view or change most of the drive's parameters.

<>1.

Click the Parameters icon in the Toolbox on the left of the screen. The main area
of the Mint WorkBench window displays the Parameters editor screen.

Items listed with a grey R} icon are read only so cannot be changed.

Items listed with a green icon are currently set to their factory default value.
Items listed with a yellow icon have been changed from their factory default
value, either during the commissioning process or by the user.

In the parameters tree, scroll to the required item. Click on the small + sign beside
the item's name. The list expands to show all items in the category. Click on the
item you wish to edit.

The adjacent table lists the chosen item. Click in the Active Table cell and enter a
value. This immediately sets the parameter, which remains in the MotiFlex €180
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until another value is defined. The icon to the left of the item becomes yellow to
indicate that the value has been changed.

Many of the MotiFlex e180's parameters are set automatically by the
Commissioning Wizard, or when tests are performed in the Fine-tuning window.

B Spy window

The Spy window can be used to monitor and capture parameters in real-time. If you
tried the test moves in Performing test moves - continuous jog on page 104 or
Performing test moves - relative positional move on page 105 then you have already
seen the Spy window, as it is displayed in conjunction with Edit & Debug mode. See
the Mint help file for full details of each tab.

1. Click the Edit & Debug icon in the Toolbox on the left of the screen.
The Spy window is displayed on the right of the screen. Click on the tabs at the
bottom of the window to select the required function.

2. The Axis tab displays the five most commonly monitored parameters, together
with the state of special purpose inputs and outputs.

3. The I/O tab displays the state of all the digital inputs and outputs.
Click on an output LED to toggle the output on/off.

4. The Monitor tab allows up to six parameters to be selected for monitoring.
Click in a drop down box to select a parameter.
At the bottom of the Monitor tab, real-time data capture can be configured.

B Other tools and windows

Remember, for help on each tool press F1 to display the help file, then navigate to the
Mint WorkBench book. Inside this is the Toolbox book.

Edit & Debug Tool

This tool provides a work area including the Command window and Output window.

The Command window can be used to send immediate Mint commands to the

MotiFlex e180. If you tried the test moves in Performing test moves - continuous jog

on page 104 or Performing test moves - relative positional move on page 105, then <>
you have already used Edit & Debug mode. Press Ctrl+N to open a Mint

programming window.

Scope Tool

Displays the capture screen. This screen is also shown when the Fine-tuning tool is
selected.

Digital I/0 Tool

This tool allows you to configure the active states and special assignments for the
digital inputs and outputs. For example, a general purpose digital input can be
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configured as an optional ‘drive enable input’, which must be active to enable the
drive; see pages 68 to 71.

If a digital input is to be used as a home switch input, see Using a digital input as a
home switch input (optional) on page 68 for important details.

Safe Torque Off (STO) acceptance test

Drive commissioning is not complete until the STO function has been tested.
The acceptance test of the safety function must be carried out by an authorized
person with expertise and knowledge of the safety function. The test must be

documented and signed by the authorized person.

See Appendix: Safe Torque Off (STO) on page 183.
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Fault tracing

What this chapter contains

This section explains common problems and their solutions. The LED indicators are
described in MotiFlex e180 indicators on page 111.

B Problem diagnosis

If you have followed all the instructions in this manual in sequence, you should have

few problems installing the MotiFlex e180. If you do have a problem, read this section

first.

* In Mint WorkBench, use the Error Log tool to view recent errors and then check
the help file.

» If you cannot solve the problem or the problem persists, the SupportMe feature
can be used.

B SupportMe feature

The SupportMe feature is available from the Help menu, or by clicking the g button
on the motion toolbar. SupportMe can be used to gather information which can then
be e-mailed, saved as a text file, or copied to another application. The PC must have
e-mail facilities to use the e-mail feature. If you prefer to contact ABB technical
support by telephone or fax, contact details are provided on the back cover of this
manual.




110 Fault tracing

Have the following information ready:

The serial number of your MotiFlex e180 (if known).

Open the Help, SupportMe menu item in Mint WorkBench to view details about
your system.

The catalogue and specification numbers of the motor that you are using.

A clear description of what you are trying to do, for example trying to establish
communications with Mint WorkBench or trying to perform fine-tuning.

A clear description of the symptoms that you can observe, for example the Status
LED, error messages displayed in Mint WorkBench, or errors reported by the Mint
error keywords ERRORREADCODE or ERRORREADNEXT.

The type of motion generated in the motor shaft.

A list of any parameters that you have setup, for example the motor data you
entered/selected in the Commissioning Wizard, the gain settings generated
during the tuning process and any gain settings you have entered yourself.

B Power-cycling the MotiFlex e180

The term ‘power-cycle the MotiFlex e180’ is used in the Troubleshooting sections. If
the AC supply is removed, wait for 2 minutes before reapplying the supply.
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B EtherCAT® mode

The Ethernet LEDs display the overall condition of the Ethernet
interface once the startup sequence has completed. The LED
codes conform to the EtherCAT Technology Group (ETG)

standard at the time of production.
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ug
ZF
2
on

NET ERR (Red)

. Off: No errors or not powered.

. |Blinking:
"' Invalid mailbox configuration in BOOT.

! Invalid mailbox configuration in PREOP.
Invalid Sync manager configuration.
Invalid output configuration.

Invalid input configuration.
Invalid watchdog configuration.
Invalid DC Sync configuration.
Invalid DC latch configuration.

1 flash:

Unspecific error.

No memory.

Invalid request state change.
Unknown requested state.
Bootstrap not supported.

No valid firmware.

No valid inputs available.
No valid output.
Synchronisation error.
Invalid Sync manager types.
Slave needs cold start.
Slave needs INIT.

Slave needs PREOP.

Slave needs SAFEOP.
Invalid input mapping.
Invalid output mapping.
Inconsistent settings.
FreeRun not supported.
SyncMode not supported.

FreeRun needs 3 buffer mode.
Background watchdog occurred.
No valid inputs and outputs.
Fatal sync error.

No sync error.

PLL error.

DC sync 10 error.

DC sync time-out error.

Invalid DC Sync cycle time.
DC SyncO0 cycle time.

DC Sync1 cycle time.
Message box EoE error.
Message box CoE error.
Message box FoE error.
Message box SoE error.
Message box VoE error.
EEPROM no access.
EEPROM error.

Slave restarted locally.

2 flashes: Sync manager watchdog.




112 Fault tracing

NET RUN (Green)

Off: INITIALISATION state (or not powered).

Blinking: PRE-OPERATIONAL state.

1 flash: SAFE-OPERATIONAL state.

3 flashes: Device identification. This state can be set from the master to
locate the device.

Continuously illuminated, not flashing: Node in OPERATIONAL state.
EtherCAT is operating normally.

B Ethernet POWERLINK mode

The Ethernet LEDs display the overall condition of the Ethernet
interface once the startup sequence has completed. The LED
codes conform to the Ethernet POWERLINK Standardization
Group (EPSG) standard at the time of production.

Green (status)

Off: Node in NOT ACTIVE state or a previous initialization state. The
controlled node is waiting to be triggered by the manager node.

1 flash: Node in PRE-OPERATIONAL1 state. Ethernet POWERLINK mode
is starting.

2 flashes: Node in PRE-OPERATIONAL?2 state. Ethernet POWERLINK
mode is starting.

3 flashes: Node in READY TO OPERATE state. The node is signalling its
readiness to operate.

Blinking (continuous flashing): Node in STOPPED state. The controlled
node has been deactivated.

Flickering (very fast flashing): Node in BASIC ETHERNET state (Ethernet
POWERLINK is not operating, but other Ethernet protocols may be used).

Continuously illuminated, not flashing: Node in OPERATIONAL state.
Ethernet POWERLINK is operating normally.
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Red (error)

Off: Ethernet POWERLINK is working correctly.

Continuously illuminated: An error has occurred.

LED flash periods

The following diagram shows the definitions of the terms ‘blinking’, ‘flashing’ and
‘flickering’ used in the previous sections, as defined by the EtherCAT Technology
Group.

LED flash timing definitions:

Off (Not illuminated)
1 flash <—1s—>|_|<—1s—>|_|
2 flashes . T

Rl R
L bts [ LT
Hpipiplplplinliy

Inverted 2 flashes

3 flashes, etc.

=1 N N

Blinking
Flickering
on (Continuously illuminated)

— ~<—200 ms
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B Drive status display

The drive status display indicates errors and general

MotiFlex €180 status information. When an error occurs the woe E—F

drive displays a sequence starting with the symbol E, followed EE ’_’

by the five digit error code. For example, error code 10015 is ﬂﬁﬁ ' ’
Sy o

displayed:

.' 'ﬁ ‘ﬁ ' ': STO error

o oo

0.25s
0.25s
0.25s
0.25s
0.25s
0.25s
0.25s
0.25s
0.25s
0.25s

The decimal point to the right of the number also illuminates to indicate STO errors.
For a complete list of error codes, open Mint WorkBench, press F1, and locate the
Error Handling book. This contains topics listing the drive status display indicators
and basic error codes. See also Start the MotiFlex e180 on page 95.

The following information symbols can be displayed:

Symbol

Description

Drive disabled, and one or both STO inputs are not powered. The drive
must be enabled before operation can continue. Both STO inputs must be
powered. If an optional drive enable input has been configured, it must also
be powered.

Drive disabled. The drive must be enabled before operation can continue. If
an optional drive enable input has been configured, it must also be
powered.

Suspend active. The Mint SUSPEND command has been issued and is
active. Motion ramps down to zero demand whilst active.

Firmware loading (segments are illuminated sequentially). This sequence is
followed by a numerical sequence representing firmware initialization

stages.

Hold to Analogue (HTA) mode. The axis is in Hold To Analogue mode. See
the Mint keyword HTA.

Qo020 1

Drive enabled, but idle.

M

Cam move. A cam profile is in progress. See the Mint keyword CaAM.
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Symbol

Description

Dwell. A dwell (wait) ‘move’ is in progress. See the Mint keyword
MOVEDWELL.

Flying shear. A flying shear is in progress. See the Mint keyword FLY.

Follow move. The drive is in follow mode. See the Mint keyword FOLLOW.

Homing. The drive is currently homing. See the Mint keyword HOME.

Incremental move. An incremental linear move is in progress. See the Mint
keywords INCA and INCR.

C.

Jog. The drive is jogging. See the Mint keywords JOG, JOGCOMMAND and
related topics.

Offset move. An offset move is in progress. See the Mint keyword OFFSET.

Position move. A linear move is in progress. See the Mint keywords MOVEA
and MOVER.

D00

Torque move. The drive is in torque mode. See the Mint keywords
TORQUEREF, TORQUEREFSOURCE and related commands.

Firmware recovery mode in operation; see Linear switches - startup
functions on page 77.

Stop input active. A Mint STOP command has been issued or an optional
stop input is active.

Velocity reference move. The drive is under velocity control. See the Mint
keywords VELREF and related keywords.

T | | P

Spline. A spline move is in progress. See the Mint keyword SPLINE and
related keyword.

User defined symbols can be displayed using Mint keywords LED and LEDDISPLAY.
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B Power

Drive does not start when applying AC power:

» Check that the motor output phases are not short circuited. The drive trips on a
motor phase short circuit and will not restart unless AC power is removed.
Remove all power from the drive, correct the short circuit and restart the drive.

B Communication

Drive status display is off:

» Check that the 24 VV DC control circuit supply is correctly connected at X9, and is
switched on.

Drive status display shows ‘r’:

* The MotiFlex €180 is in firmware recovery mode. This means that it does not boot
fully, and allows Mint WorkBench to download firmware from the Choose
Firmware dialogue.

Mint WorkBench fails to detect the MotiFlex 180:
» Ensure that the MotiFlex e180 is powered and the drive status display is
illuminated (page 114).

» Check that the Ethernet cable is connected between the PC and MotiFlex e180.
Check that the cable is connected to port E3 (on the front panel) and not port E1
or E2.

» Check that the PC's Ethernet port has been correctly configured for TCP/IP
operation, and enabled for use with Mint WorkBench (see Configure the PC
Ethernet adapter on page 94).

» Check that any PC firewall or security software does not prevent communication
on TCP ports 5000 and 5001, and UDP port 5050. These ports are essential for
communication with the MotiFlex e180.

« Try an alternative cable or different port on the PC.

B Mint WorkBench

The Spy window does not update:

* The system refresh has been disabled. Go to the Tools, Options menu item,
select the System tab and then choose a System Refresh Rate (500 ms is
recommended).

Cannot communicate with the controller after downloading firmware:

» After firmware download, always power-cycle the MotiFlex e180.
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B Tuning

Cannot enable the MotiFlex e180 because there is an error 10010:

» Check the drive enable input, if assigned, is connected and powered correctly.

Cannot enable the MotiFlex e180 because there is an error 10033 and/or 10035:

» Check the Safe Torque Off inputs on connector X2 are both connected and
powered correctly.

When the MotiFlex e180 is enabled the motor is unstable:

» Check that the load is firmly coupled to the motor.

» Use the Mint WorkBench Drive Setup Wizard to confirm that the correct motor
data has been entered.

* Use the Mint WorkBench Autotune Wizard to retune the motor.

« |If the motor is still unstable, select the Mint WorkBench Autotune Wizard once
more. Click Options.... On the Bandwidth tab, move the Current and/or Position

and Speed Control sliders to a slower position to select a lower bandwidth. Click
OK to exit and then start the Autotune Wizard again.

B Ethernet

Cannot connect to the drive:

» Check that the PC's Ethernet adapter has been correctly configured, as described
in Configure the PC Ethernet adapter on page 94.

How do | configure my EtherCAT manager to operate with the MotiFlex e1807?

» An EtherCAT ESlI file (.xml) that describes the drive to the EtherCAT manager can
be uploaded from the controller using the Mint WorkBench EtherCAT tool.

| cannot control the MotiFlex €180 from my EtherCAT manager

The drive reference source must be set to allow the EtherCAT manager to take

control of the MotiFlex e180. There are several ways to do this:

» Set the CONTROLREFSOURCESTARTUP parameter to '1' using the Mint
WorkBench Parameter viewer or Command window, and restart the drive. This
gives control to the manager each time the MotiFlex €180 starts.

» Set the Control Ref. Source to ‘RT Ethernet (CiA402)’ in the Mint WorkBench
Operating Mode Wizard or Commissioning Wizard.

¢ Click the Direct button on the Mint WorkBench Motion tool bar, and select ‘RT
Ethernet (CiA402) in the Axis O drop-down.

» Confirm that the reference source on all controlled nodes has been set to
EtherCAT in the Mint WorkBench Operating Mode Wizard, and that the master
has been configured correctly.
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What this chapter contains

This chapter contains preventive maintenance instructions.

Safety

WARNING! Read the Safety instructions on the first pages of this manual
before performing any maintenance on the equipment. Ignoring the safety
instructions can cause injury or death.

Maintenance intervals

If installed in an appropriate environment, the drive requires very little maintenance.
This table lists the routine maintenance intervals recommended by ABB.

Maintenance

Interval

Instruction

Capacitor reforming

Every year of storage

See Reforming
the capacitors.

Heatsink temperature
check and cleaning

Depends on the dustiness of the
environment (every 6 to 12 months)

See Heatsink.

Cooling fan change

Every 6 years if the ambient
temperature does not exceed 40 °C
(104 °F).

Every 3 years if the ambient
temperature is higher than 40 °C
(104 °F).

See Cooling
fan.
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Heatsink

The heatsink fins pick up dust from the cooling air. The drive runs into
overtemperature warnings and faults if the heatsink is not clean. In a normal
environment, the heatsink should be checked annually, in a dusty environment more
often.

Clean the heatsink as follows (when necessary):
1. Remove the cooling fan (see section Cooling fan).

2. Blow clean compressed air (not humid) from bottom to top and simultaneously
use a vacuum cleaner at the air outlet to trap the dust. Note: If there is a risk of
the dust entering adjoining equipment, perform the cleaning in another room.

3. Replace the cooling fan.
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Cooling fan

The actual lifespan of the cooling fan depends on the drive usage and ambient
temperature. Fan failure can be predicted by the increasing noise from fan bearings
and the gradual rise in the heatsink temperature in spite of heatsink cleaning. If the
drive is operated in a critical part of a process, fan replacement is recommended
once these symptoms start appearing. Replacement fans are available from ABB. Do
not use other than ABB-specified spare parts.

B Fan replacement: 3 A - 16 A models (frames A and B)

Detach the power cable clamp plate and terminal blocks. Release the retaining clips
(arrowed) carefully using a screwdriver. Pull the fan holder out. Disconnect the fan
cable. Carefully bend the clips on the fan holder to free the fan.

Install new fan in reverse order.

Note: The airflow direction is bottom-to-top. Install the fan so that the airflow arrow
points up.

Airflow direction
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B Fan replacement: 31 A - 90 A air cooled models (frames C and D)

To remove the fan, release the retaining clips (arrowed) carefully using a screwdriver.
Pull the fan holder out. Disconnect the fan cable. Carefully bend the clips on the fan
holder to free the fan.

Install the new fan in reverse order.

Note: The airflow direction is bottom-to-top. Install the fan so that the airflow arrow
points up.

Airflow direction
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Reforming the capacitors

The capacitors must be reformed if the drive has been stored for a year or more. See
page 30 for information on finding out the manufacturing date. For information on
reforming the capacitors, contact your local ABB representative.

Other maintenance actions

B Transferring the memory unit to a new drive

When a drive is replaced, the parameter settings can be retained by transferring the
memory unit from the defective drive to the new. However, non-volatile data stored
using the NVRAM... keywords are not stored on the memory unit.

f WARNING! Do not remove or insert a memory unit when the drive is powered.

B Modification, replacement, or removal of control unit (GCU-xx)

If a control unit is modified, replaced, or disconnected from the power unit, the Start-
up, acceptance, and proof test interval checklist (page 196) must be performed when
the units are reconnected. See Validating the operation of a safety function on page
195.
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Technical data

What this chapter contains

The chapter contains the technical specifications of the drive, for example, the
ratings, sizes and technical requirements as well as provisions for fulfilling the
requirements for CE and other marks.
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Ratings
The nominal current ratings for the MotiFlex e180 with 400 V AC supply are given
below.
Drive type PWM Overload Drive rated current Duration (s)
MFE180-04xx... | switching (Arms)
frequency (Hz)
-03A0-4 4000 300% 2.0 3
200% 3.0
150% 3.0 60
110% 3.0
8000 300% 1.6 3
200% 2.3
150% 3.0 60
110% 3.0
Drive type PWM Overload Drive rated current Duration (s)
MFE180-04xx...| switching (Arms)
frequency (Hz)
-05A0-4 4000 300% 2.7 3
200% 4.0
150% 5.0 60
110% 5.0
8000 300% 2.2 3
200% 3.0
150% 4.0 60
110% 4.0
Drive type PWM Overload Drive rated current Duration (s)
MFE180-04xx...| switching (Arms)
frequency (Hz)
-07A0-4 4000 300% 3.2 3
200% 4.7
150% 6.0 60
110% 6.4
8000 300% 3.0 3
200% 4.0
150% 4.0 60
110% 5.0
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Drive type PWM Overload Drive rated current Duration (s)
MFE180-04xx...| switching (Arms)
frequency (Hz)

-016A-4 4000 300% 7.0 3
200% 9.0

150% 11.0 60
110% 14.0

8000 300% 5.0 3
200% 7.0

150% 9.0 60
110% 10.0

Note: All frame C and frame D models (-024A-4 ... -090A-4) must use a choke to
achieve listed 110% and 150% ratings. The 200% and 300% frame C and frame D
ratings can be achieved with or without a choke.

Drive type PWM Overload Drive rated current Duration (s)
MFE180-04xx...| switching (Arms)
frequency (Hz)
-024A-4 4000 300% 10.0 3
200% 13.5
150% 17.0* 60
110% 21.5*
8000 300% 9.0 3
200% 12.0
150% 15.0% 60
110% 17.5%
* with choke
Drive type PWM Overload Drive rated current Duration (s)
MFE180-04xx...| switching (Arms)
frequency (Hz)
-031A-4 4000 300% 16.0 3
200% 21.0
150% 25.0* 60
110% 28.0*
8000 300% 13.0 3
200% 18.0
150% 20.0* 60
110% 25.0*

* with choke




128 Technical data

Drive type PWM Overload Drive rated current Duration (s)
MFE180-04xx... | switching (Arms)
frequency (Hz)
-046A-4 4000 300% 20.0 3
200% 28.0
150% 35.0* 60
110% 41.0*
8000 300% 17.0 3
200% 25.0
150% 31.0% 60
110% 33.0%
* with choke
Drive type PWM Overload Drive rated current Duration (s)
MFE180-04xx... | switching (Arms)
frequency (Hz)
-060A-4 4000 300% 25.0 3
200% 35.0
150% 46.0* 60
110% 62.0*
8000 300% 21.0 3
200% 28.0
150% 35.0* 60
110% 45.0*
* with choke
Drive type PWM Overload Drive rated current Duration (s)
MFE180-04xx... | switching (Arms)
frequency (Hz)
-090A-4 4000 300% 40.0 3
200% 55.0
150% 72.0* 60
110% 90.0*
8000 300% 30.0 3
200% 40.0
150% 47.5* 60
110% 55.0*
* with choke

The DriveSize dimensioning tool available from ABB is recommended for selecting
the drive, motor and gear combination for the required motion profile.




Technical data 129

B Derating

The continuous output currents stated above must be derated if any of the following
conditions apply:

» the ambient temperature exceeds +40 °C (+104°F)
» the drive is installed higher than 1000 m above sea level.

Note: The final derating factor is a multiplication of all applicable derating factors.

Ambient temperature derating

In the temperature range +40...55 °C (+104...131 °F), the continuous output current
is derated linearly as follows:

Derating factor

1.00
0.70
Ambient temperature
+40 °C +55 °C
+104 °F +131 °F
Altitude derating

At altitudes from 1000 to 2000 m (3280 to 6560 ft) above sea level, the derating is 1%
for every 100 m (328 ft). For a more accurate derating, use the DriveSize PC tool.

Note: If the installation site is higher than 2000 m (6560 ft) above sea level,
connection of the drive to an ungrounded (IT) or corner-grounded delta network is not
allowed.




130 Technical data

Cooling

Method

Internal fan, flow from bottom to top, air-cooled heat sink.

Free space around the
unit

See chapter Cabinet construction.

Cooling characteristics, noise levels

Drive type Power loss Air flow Noise level
MFE180-04xx... w (MFE180-04Ax-...) dBA
m3/h
-03A0-4 44 24 47
-05A0-4 61 24 47
-07A0-4 94 24 47
-016A-4 246 48 39
-024A-4 246 142 63
-031A-4 354 142 63
-046A-4 446 200 71
-060A-4 807 290 70
-090A-4 1100 290 70
Efficiency

Approximately 98% at nominal power level.
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Fuses for short circuit protection of the supply cable are listed below. The fuses also
protect the adjoining equipment of the drive in case of a short circuit. Check that the
operating time of the fuse is below 0.5 seconds. The operating time depends on the
supply network impedance and the cross-sectional area and length of the supply

cable. See also chapter Planning the electrical installation.

Note: Fuses with a higher current rating must not be used.

Drive type Input IEC fuse UL fuse Cross-sectional
MFE180-04xx... |current area of cable
(A) Rated |Voltage | Class | Rated |Voltage| UL mm?2 AWG
current (V) current| (V) Class
(A) (A)
-03A0-4 4.0* 6 500 gG 6 600 T 15...4| 16...12
-05A0-4 6.0* 10 500 gG 10 600 T 15...4| 16...12
-07A0-4 7.8* 16 500 gG 15 600 T 1.5...4| 16...12
-016A-4 18.3* 25 500 gG 25 600 T |1.5...10f 16...8
-024A-4 20 25 500 gG 25 600 T 6...35 9...2
-031A-4 27 32 500 gG 35 600 T 6...35 9...2
-046A-4 39 50 500 gG 50 600 T 6...35 9...2
-060A-4 55 63 500 gG 70 600 T 10...70 | 6 ... 2/0
-090A-4 78 100 500 gG 100 600 T 10...70 | 6 ... 2/0

*Without mains choke
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AC input (supply) connection

Voltage (U,)

200 ... 480 V AC £10%, 3-phase

Frequency 50 ... 60 Hz 5%
Network type Grounded (TN, TT) or ungrounded (IT).
Note: Connection to an ungrounded (IT) or corner-grounded delta
network is not allowed at altitudes of 2000 m (6600 ft) or higher.
Imbalance Max. £3% of nominal phase to phase input voltage

Fundamental power
factor (cos phiy)

0.98 (at nominal load)

Terminals

Frame A: Detachable screw terminal block for 0.25 ... 4 mm?2 wire.
Frame B: Detachable screw terminal block for 0.5 ... 6 mm?Z wire.

Frames C and D: Screw lugs for 6...70 mm? wire included. Suitable
crimp lugs can be used instead.

DC connection

Voltage 270 ... 650 V DC +10%
Ratings Drive type laen c
MFE180-04xx... (A) (MF)
-03A0-4 3.5 140
-05A0-4 5.5
280
-07A0-4 7
-016A-4 16 865
-024A-4 225
785
-031A-4 30
-046A-4 43 1178
-060A-4 65 1570
-090A-4 98 2355
I4cn is the average DC input current requirement when running at 4 kHz,
110% load, at a DC link voltage of 560 V (which corresponds to an AC
input voltage of 415 V).
Terminals Frame A: Detachable screw terminal block for 0.25 ... 4 mm? wire.

Frame B: Detachable screw terminal block for 0.5 ... 6 mm?Z wire.

Frames C and D: Screw lugs for 6...70 mm? wire included. Suitable
crimp lugs can be used instead.
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Motor types Asynchronous induction motors, asynchronous servo motors,
synchronous permanent magnet motors

Frequency 0...500 Hz

Current See section Ratings.

Switching frequency

Selectable between 4 or 8 kHz. Default: 8 kHz (current derating
applies)

Maximum motor cable
length

50 m (164 ft) with screened cable

Terminals

Frame A: Detachable screw terminal block for 0.25 ... 4 mm? wire.
Frame B: Detachable screw terminal block for 0.5 ... 6 mm?Z wire.

Frames C and D: Screw lugs for 6...70 mm? wire included. Suitable
crimp lugs can be used instead.

Control unit

X9: Power supply

24V (+10%) DC, 1 A
Supplied from the power unit of the drive, or from external
power supply through connector X9 (pitch 3.5 mm, wire size

1.5 mm?).

X7: Analogue inputs
AlO...Al1

Connector pitch 3.5 mm, wire size 1.5 mm?

Voltage input: =10...10 V, R;,: 60 kohm

Differential inputs, common mode +10 V

Sampling interval per channel: 0.25 ms

Filtering: Adjustable using ADCTIMECONSTANT keyword (see
Mint WorkBench help file)

Resolution: 11 bit + sign bit (+4.9 mV)

X8: Analogue output AOO

Connector pitch 3.5 mm, wire size 1.5 mm?
AOO0 (voltage): —10...10 V, Rload > 1 kohm
Update interval: 1 kHz

Resolution: 16 bit (+153 pV)
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X3: Digital inputs DI1...DI2

Connector pitch 3.5 mm, wire size 1.5 mm?2
Logic levels: “0" <2V, “1"> 12V
Rin: 3.3 kohm
Hardware latching:
Minimum pulse width: 250 ns
Minimum step time: 250 ns
Minimum space time: 250 ns
Direction input setup time: 250 ns
Direction input hold time: 100 ns
Maximum input frequency: 2 MHz
Sampling interval: 1 kHz
Filtering: Adjustable using INPUTDEBOUNCE keyword (see
Mint WorkBench help file)

X4: Digital inputs DIO, DI3...4
X5: Digital inputs DI5...DI7

Connector pitch 3.5 mm, wire size 1.5 mm?

Logic levels: “0" <2V, “1"> 12V

Rin: 3.3 kohm

Minimum pulse width: 5 ps

Filtering: Adjustable using INPUTDEBOUNCE keyword (see
Mint WorkBench help file)

X6: Digital outputs
D00...D03

User supply: 24 V DC
Output current: 100 mA max.,per output, Rjg5q > 250 ohm

X1: Relay output (DO4)

Connector pitch 5 mm, wire size 2.5 mm?
250 VAC/30VDC,2A
Protected by varistors

X10: Thermistor input

Connector pitch 3.5 mm, wire size 1.5 mm?

Input device: PTC thermistor(s)

Up to three PTCs can be connected in series
Logic levels: “0” < 2.8kohm, “1” > 3.2 kohm
Insulation: Tested to 2.8 kV for 1 minute
Sampling interval: Imnmediate

X2: Safe Torque Off (STO)

Connector pitch 5 mm, wire size 2.5 mm?

Output supply: 24 V DC, 30 mA per input

Pulse tolerance: <1 ms

For the drive to start, both connections STO1 and STO2 must
be powered.

E1: Ethernet host PC
connection

Connector: RJ-45
Cable length <3 m
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Encoder interface

RS422 A/B differential, Z index

Max. input frequency

2 MHz

Output power supply to encoder

5V, 200 mA max.

Maximum recommended cable
length

30m

B All modules, X12

Encoder interface

RS422 A/B differential, Z index

Max. output frequency 2 MHz
Propagation delay
X11 to X12, all models 62.5 us

X13 to X12, FB-01
X13 to X12, FB-01
X13 to X12, FB-02 /-03 /-04

0 ps (matching resolutions; no synthesis)
62.5 us (non-matching resolutions)
62.5 us

Maximum recommended cable
length

30m

B FB-01: X13 Incremental encoder with Halls

Encoder interface

RS422 A/B differential, Z index

Max. input frequency A/ B

2 MHz (8 MHz quadrature counts)

Hall inputs

RS422 A/B differential

Output power supply to encoder

5.5V, 250 mA max.

Maximum recommended cable
length

30m
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B FB-02: X13 Serial interfaces + SinCos

Supports BiSS, SSI, EnDat 2.1, EnDat 2.2, Smart Abs, Hiperface, and SinCos using
required combinations of the following inputs:

Signals

Differential input pairs for Data, Clock, Sin, Cos.

Device types:
BiSS, Smart Abs, Hiperface
SSI
EnDat, SinCos

Single or multi-turn devices.

Single turn devices up to 18-bit.

Single or multi-turn devices, 512 or 2048 cycles per turn,
absolute positioning up to 65536 steps.

SinCos signal: 1 V pk-pk sine wave centered ona 2.5V
reference.

Output power supply to encoder

5.5V or 8 V set by switch, 250 mA max.

Maximum recommended cable
length

30m

B FB-03: X13 Resolver

Resolver interface

Sin / Cos pairs

Maximum input speed

60000 rpm (2 pole resolver)

Resolver winding ratio

0.5

Excitation frequency
(REF output)

2 kHz - 10 kHz (default: 5 kHz), adjustable using
ENCODERPARAMETER Mint keyword.

Excitation supply load
(REF output)

100 mA max

Typical accuracy

+ 5 arc minutes

Maximum recommended cable
length

50 m

B FB-04: X13 Hiperface DSL

Device types

Single or multi-turn devices

Maximum input speed (typical)

9000 rpm

Maximum recommended cable
length

30m
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Dimensions and weights

For basic dimensions, see Main dimensions and free space requirements on page
37. For detailed dimensions, see Dimension drawings starting on page 167.

Frame Weight
size kg (Ibs)
A 2.8 (6.2)
B 4.8 (10.6)
C 10 (22)
D 17 (37.5)

Note: The wiring to the I/O options requires about 50 mm (2”) of additional depth.
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Ambient conditions

Environmental limits for the drive are given below. The drive is to be used in a heated,
indoor, controlled environment.

Operation Storage Transportation
installed for stationary | in the protective | in the protective
use package package

Installation site altitude [0 to 2000 m (6560 ft) above |- -

sea level. [See also section

Altitude derating on page

129]
Air temperature -40 to +70°C -40 to +70°C

0 to +55°C (32 to 131°F). No
frost allowed. See section
Derating on page 129.

(-40 to +158°F)

(-40 to +158°F)

Relative humidity

0 to 95%

Max. 95%

Max. 95%

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

Contamination levels

No conductive dust allowed.

The drive must be installed
in clean air according to
enclosure classification.
Cooling air must be clean,
free from corrosive materials
and electrically conductive
dust.

Sinusoidal vibration
(EN 60068-2-6: 2008)

Tested according to,
mechanical conditions:

2...9 Hz: 3.0 mm (0.12")

9...200 Hz: 1g
Shock: EN 60068-2-27: |- According to ISTA |According to ISTA
2009 1A. 1A.
Max. 100 m/s2 Max. 100 m/s2
(330 ft's?), 11 ms (330 ft/s2), 11 ms
Free fall Not allowed 76 cm (307) 76 cm (30”)
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Degrees of protection
MotiFlex €180 complies with EN 60529, 1P20.

For UL purposes the MotiFlex €180 is defined as an open-type, three phase single
axis servo amplifier.

The drive must be installed in a cabinet to fulfil the requirements for shielding from
contact. Access to the cabinet should be restricted to trained maintenance staff.

See chapter Cabinet construction.

The top surface of cabinets / enclosures which are accessible when the equipment is
energized shall meet at least the requirement of protective type IP3x with regard to
vertical access only.

Materials
Drive enclosure PC/ABS, colour NCS 1502-Y (RAL 9002 / PMS 420 C).
Hot-dip zinc coated steel sheet extruded aluminium AISi.
Packaging Corrugated cardboard, PP bands.
Disposal The drive contains raw materials that should be recycled to preserve

energy and natural resources. The package materials are
environmentally compatible and recyclable. All metal parts can be
recycled. The plastic parts can either be recycled or burned under
controlled circumstances, according to local regulations. Most
recyclable parts are marked with recycling marks.

If recycling is not feasible, all parts excluding electrolytic capacitors
and printed circuit boards can be landfilled. The DC capacitors contain
electrolyte, which is classified as hazardous waste within the EU. They
must be removed and handled according to local regulations.

For further information on environmental aspects and more detailed
recycling instructions, contact your local ABB distributor.

B RoHS compliance

MotiFlex €180 is in conformity with Directive 2011/65/EU of the European parliament
and of the council of 8th June 2011 on the restriction of the use of certain hazardous
substances in electrical and electronic equipment. The RoHS declaration
3AXD10000429165 is available on www.abb.com/drives.
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Applicable standards

MotiFlex €180 complies with the following standards.

B Design and test standards

UL508C (2010)

Power Conversion Equipment.

EN 61800-5-1:2007

Adjustable speed electrical power drive systems. Safety requirements.
Electrical, thermal and energy.

EN 60529:1991 +
A2:2013

Degrees of protection provided by enclosures.

EN 61800-3:2004 +
A1:2012

Adjustable speed electrical power drive systems. Electromagnetic
compatibility.

Conducted emissions:
When installed as directed in this manual, MotiFlex €180 conforms to
Category C3 conducted limits.

Radiated emissions:
When installed as directed in this manual, MotiFlex €180 conforms to
Category C2 radiated limits.

All frame sizes conform to the ‘second environment’ immunity
requirements defined by this standard.

See also the CE Declaration of Conformity available on the internet; see Document
library on the Internet on page 205.

B Environmental test standards:

EN 60068-1:2014

Environmental testing, general and guidance.

EN 60068-2-1:2007

Environmental testing, Test A. Cold.

EN 60068-2-2:2007

Environmental testing, Test B. Dry heat.

EN 60068-2-6:2008

Environmental testing, Test Fc. Vibration (sinusoidal).

EN 60068-2-27:2009

Environmental testing, Test Ea. Shock.

EN 60068-2-30:2005

Environmental testing, Test Db. Damp heat, cyclic.

EN 60068-2-31:2008

Environmental testing, Test Ec. Rough handling shocks

EN 60068-2-78:2013

Environmental testing, Test Cab. Damp heat, steady state.
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B Functional safety standards:

EN 61508:2010 Functional safety of electrical/electronic/programmable electronic
safety-related systems.

EN 61800-5-2:2007 Adjustable speed electrical power drive systems: Safety requirements,
Functional.

EN ISO 13849-1:2008 |Safety of machinery: Safety-related parts of control systems, Basic

principles.
EN 62061:2005 + Safety of machinery: Functional safety of safety-related electrical,
A1:2013 electronic and programmable electronic control systems.

CE marking

A CE mark is attached to the drive to verify that the unit follows the provisions of the
European, EMC, and machinery directives.

CE Declaration of Conformity

The declaration (3AXD10000371048) is available on the internet. See Document
library on the Internet on page 205.

Compliance with the European EMC Directive

The cabinet builder is in responsible for the compliance of the drive system with the
European EMC Directive. For information on items to consider, see:

» Subsections Compliance with EN 61800-3, category C3; and Compliance with EN
61800-3, category C4 below

» The chapter Planning the electrical installation in this manual

» Technical Guide No. 3— EMC Compliant Installation and Configuration for a
Power Drive System (3AFE61348280 [English]).

Definitions

EMC stands for Electromagnetic Compatibility. It is the ability of electrical/electronic
equipment to operate without problems within an electromagnetic environment.
Likewise, the equipment must not disturb or interfere with any other product or
system within its locality.

First environment includes domestic premises. It also includes establishments
directly connected without intermediate transformers to a low-voltage network which
supplies buildings used for domestic purposes.

Second environment includes all establishments other than those directly connected
to a low-voltage network which supplies buildings used for domestic purposes.
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Drive of category C2. Power drive system with rated voltage less than 1000 V which
is neither a plug-in device nor a movable device and, when used in the first
environment, is intended to be installed and commissioned only by a professional.

Drive of category C3. Power drive system with rated voltage less than 1000 V,
intended for use in the second environment and not intended for use in the first
environment.

Drive of category C4. Power drive system with 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.

WARNING! The drive can cause radio interference if used in residential or
domestic environment. The user is required to take measures to prevent
interference, in association to the requirements for the CE compliance listed above, if

necessary.

Compliance with EN 61800-3, category C3
The drive meets the requirements of the EMC Directive with the following provisions:

1. The drive is equipped with optional mains filter JFI-xx.

2. The motor and control cables are selected as specified in the chapter Planning
the electrical installation.

3. The drive is installed according to the instructions given in this manual.

4. Frames A, B & D: Motor cable length does not exceed 50 metres (164 ft).
Frame C: Motor cable length does not exceed 30 metres (98 ft).
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Compliance with EN 61800-3, category C4
The drive meets the requirements of the EMC Directive with the following provisions:

1. ltis ensured that no excessive emission is propagated to neighbouring low-
voltage networks. In some cases, the natural suppression in transformers and
cables is sufficient. If in doubt, a supply transformer with static screening between
the primary and secondary windings can be used.

Medium voltage network

Supply transformer

Point of measurement

Low voltage

Equipment

(victim) Drive

o T XK A o T T 0 T X—= . — T
| |
| ||
| |
| Low voltage ‘ ‘
| ||
| ||
| ||

Equipment Equipment

2. An EMC plan for preventing disturbances is drawn up for the installation. A
template is available from the local ABB representative.

3. The motor and control cables are selected as specified in the chapter Planning
the electrical installation.

4. The drive is installed according to the instructions given in this manual.

Compliance with the European Machinery Directive

This safety related drive complies with the European Union Machinery Directive
requirements for a safety component intended to be integrated into machinery.
Compliance with the machinery directive has been verified according to standards
EN 61800-5-2, EN ISO 13849-1, EN 62061, and EN 61508 parts 1 & 2. The drive has
been designed, constructed and equipped in such a way that when installed as
instructed in this manual, all hazards of an electrical nature are, or can be, prevented.
The drive complies with EN 61800-5-1 which specifies safety requirements in terms
of electrical, thermal and energy.

Note: The final assembler of the machinery must take the necessary precautions to
prevent all hazards of an electrical nature when integrating this equipment. General
specifications for design of electrical equipment of machinery is given in EN 60204-1
and EN 60204-11. Specifications for electrical equipment are also given in many
standards for specific categories of machinery.
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C-tick

"C-tick" marking is required in Australia and New Zealand. A "C-tick" mark is

0 attached to each drive in order to verify compliance with the relevant
standard (IEC 61800-3, Adjustable speed electrical power drive systems -
Part 3: EMC product standard including specific test methods), mandated by
the Trans-Tasman Mutual Recognition Arrangement (TTMRA).

@ RCM marking is pending for the drive.

UL marking

See the type designation label for the valid markings of your drive.

B UL checklist

Input power connection — See section AC input (supply) connection on page 132.

Disconnecting device (Disconnecting means) — See section Supply disconnecting
device on page 44.

Ambient conditions — The drive is to be used in a heated indoor controlled
environment. See section Ambient conditions on page 138 for specific limits.

Input cable fuses — For installation in the United States, branch circuit protection must
be provided in accordance with the National Electrical Code (NEC) and any
applicable local codes. To fulfill this requirement, use the UL classified fuses given in
section Supply cable fuses on page 131.

For installation in Canada, branch circuit protection must be provided in accordance
with the Canadian Electrical Code and any applicable provincial codes. To fulfil this
requirement, use the UL classified fuses given in section Supply cable fuses on page
131.

Power cable selection — See section Selecting the power cables on page 47.

Power cable connections — For the connection diagram and tightening torques, see
section Power cable connection on page 53.

Control connections — For the connection diagram and tightening torques, see
section Connecting the control cables on page 64.

Overload protection — The drive provides overload protection in accordance with the
National Electrical Code (US).

Braking — The MotiFlex €180 has an internal braking chopper. When applied with
appropriately sized braking resistors, the braking chopper allows the drive to
dissipate regenerative energy (normally associated with quickly decelerating a
motor). Braking resistor selection is discussed in the chapter Resistor braking on
page 157.

UL standards — See section Applicable standards on page 140.
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Mains chokes

What this chapter contains

This chapter describes how to select and install mains chokes for the MotiFlex e180.
The chapter also contains the relevant technical data.

When is a mains choke required?

The MotiFlex e180 does not necessarily require a mains choke for operation; the
need for a choke should be determined on a case-by-case basis. Mains chokes are
typically used to

» reduce harmonics in the input current

» achieve a reduction in the rm.s. input current

» reduce supply disturbance and low-frequency interference

» increase the allowed DC bus continuous power

» ensure even current distribution in common DC configurations (see page 60).
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Selection table

Mains chokes for MotiFlex e180
Drive type Type Inductance
MFE180-04xx... uH

-03A0-4 CHK-01 6370
-05A0-4

CHK-02 4610
-07A0-4
-016A-4 CHK-04 1475
-024A-4

CHK-05 1130
-031A-4
-046A-4 CHK-06 700
-060A-4 CHK-07 450
-090A-4 CHK-08 355

The mains chokes are protected to IP20. Refer to page 176 for dimensions, wire
sizes and tightening torques.

Installation guidelines

» If a mains filter is also installed, the mains choke is connected between the supply
and the mains filter. See the diagram below.

» For optimal operation of the choke, the drive and the choke must be mounted on
the same conductive surface.

» Ensure the choke does not block the airflow through the drive, and that the air
rising from the choke is deflected away from the air inlet of the drive

» Keep the cable between the drive and the choke as short as possible.

C WARNING! The surface of the mains choke becomes hot when in use.
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B Connection diagram

AC supply
L1 L2 L3 PE

CHK-xx mains choke
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DC chokes

What this chapter contains

This chapter describes how to select and install DC chokes for the MotiFlex €180.
The chapter also contains the relevant technical data.

When is a DC choke required?

A DC choke can be installed as an alternative to a mains choke (page 145) in frame C
and frame D MotiFlex €180 models. The DC choke is installed directly above the
drive and is cooled by the drive’s exhaust air.

The MotiFlex €180 does not necessarily require a DC choke for operation; the need

for a choke should be determined on a case-by-case basis. DC chokes are typically
used to:

* reduce harmonics in the input current

* achieve a reduction in the r.m.s. input current

» reduce supply disturbance and low-frequency interference

» increase the allowed DC bus continuous power

» ensure even current distribution in common DC configurations (see page 60).
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Selection table

DC chokes for MotiFlex e180
Drive type Type Inductance
MFE180-04xx... HH

-024A-4 DCL-01 1540
-031A-4

-046A-4 DCL-02 960
-060A-4 DCL-03 620
-090A-4 DCL-04 490

The DC chokes are protected to IP20. Refer to page 177 for dimensions.

C WARNING! The surface of the DC choke becomes hot when in use.

B Connection diagram

____________________

DC choke

____________________

L L.
I | _ . " .
i /X/ i JFl-xx mains filter (if present)

La/
UDC+ ubDC- U1 V1 w1 F’El Lb
r—¢ — 09— — - - - — —@— -1
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Installation procedure
1. Remove the terminal cover screws and pull the terminal cover forwards.

Terminal cover
screw Terminal cover

screw

2. Remove the busbar connecting the La and Lb terminals.
Replace the nut on the La terminal and tighten to 3 N-m (26 Ibf-in).

Remove
busbar

Replace this
nut.
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3. Attach the DC choke directly above the MotiFlex €180, ensuring that the
green/yellow earth cable reaches the earth terminal on the MotiFlex e180.

Attach the cables to the La clamp and Lb terminal on the MotiFlex €180, as shown
in the diagram. Tighten the La clamp screw to 1.5 N-m (13 Ibf-in), and the Lb nut
to 3 N-m (26 Ibf-in).

The supplied cable clamp bracket can be attached to the DC choke to support
power supply cables.

\0‘\ Cable clamp

™ bracket

Ensure earth cable
reaches earth
terminal!

La clamp screw
1.5N'm
(13 Ibf-in)

4. Break off the outer tabs and replace the terminal cover.

7
-

5. 7.

S
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Mains filters

What this chapter contains

This chapter describes how to select and install mains filters for the MotiFlex e180.
The chapter also contains the relevant technical data.

When is a mains filter required?

The EMC product standard (EN 61800-3) covers the specific EMC requirements
stated for drives (tested with motor and cable) within the EU. EMC standards such as
EN 55011 or EN 61000-6-3/4 apply to industrial and household equipment and
systems including drive components inside. Drive units complying with the
requirements of EN 61800-3 are always compliant with comparable categories in

EN 55011 and EN 61000-6-3/4, but not necessarily vice versa. EN 55011 and

EN 61000-6-3/4 do neither specify cable length nor require a motor to be connected
as a load. The emission limits are comparable according to the following table.

EMC standards in general
EN 61800-3, product EN 61800-3, EN 55011, product family
standard product standard standard for industrial,
scientific and medical (ISM)
equipment
1st environment, Category C1 Group 1 Class B
unrestricted distribution
1st environment, Category C2 Group 1 Class A
restricted distribution
2nd environment, Category C3 Group 2 Class A
unrestricted distribution
2nd environment, Category C4 Not applicable
restricted distribution
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A mains filter is required in order for MotiFlex e180 to meet the category C3 level,
using a motor with a max. 50 m cable (30 m for Frame C models). This level
corresponds to the A limits for Group 2 equipment according to EN 55011.

WARNING! A mains filter must not be installed if the drive is connected to an
IT power system (i.e. an ungrounded, or a high resistance grounded [over 30
ohm] power system).

Selection table

Mains filters for MotiFlex e180
(maximum 50 m motor cable unless otherwise specified)

Drive type Filter type to meet EN 61800-3, category C3
MFE180-04xx...

-03A0-4
-05A0-4 JFI-02
-07A0-4
-016A-4 JFI-03
-024A-4 JEL05
“031A-4 (max. 30 m cable)
-046A-4
-060A-4

JFI-07
-090A-4

The mains filters are protected to IP20. Refer to pages 178-179 for dimensions, wire
sizes and tightening torques.

Installation guidelines

« |f a mains choke is also installed, the mains filter is connected between the mains
choke and the drive. See the diagram below.

» For optimal operation of the filter, the drive and the filter must be mounted on the
same conductive surface

» Ensure the filter does not block the airflow through the drive
» Keep the cable between the drive and the filter as short as possible.
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B Connection diagram

AC supply

A CHK-xx mains choke (if present)

JFl-xx mains filter

r
| MotiFlex e180 |
| ~ |
|
|
|




156 Mains filters




Resistor braking 157

Resistor braking

What this chapter contains

This chapter contains information about calculating the regenerative power created
by the motor when it decelerates or is driven by the load. The chapter then describes
the process for selecting an appropriate resistor to dissipate the regenerative power.
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Introduction

Each drive has a braking capacity that defines the amount of regenerative energy its
DC bus capacitors can store before the voltage on the capacitors exceeds the drive’s
overvoltage level. In a common DC system, all of the drive’s DC bus capacitors are
connected, so the system braking capacity becomes the sum of all the drives’ braking
capacities. If the total regenerative energy in the system exceeds the system braking
capacity, the excess energy must be diverted into a regeneration resistor to be
dissipated as heat. The regeneration resistor can be connected to one drive in the
system, but if that drive’s braking chopper cannot withstand the total regenerative
power in the system, more than one drive must be fitted with a regeneration resistor.

System braking capacity

The braking capacity of the drive is calculated from the following formula:

Bgc = 0.5 x DC bus capacitance x ((Brake switching l‘hreshold)2 — (J/2 x Supply voltage)z)

where the Brake switching threshold is 776 V. This gives the following typical values:

MotiFlex e180 Braking capacity, By (J)
Model Frame DC bus 230 V AC suppl 480 V AC suppl
capacitance (pF) PPl pPply

03A0-4 A 140 35.2 10.4
05A0-4 A

280 70.4 20.7
07A0-4 A
016A-4 B 865 217.4 63.8
024A-4 C

785 197.3 57.9
031A-4 C
046A-4 D 1178 296.0 86.9
060A-4 D 1570 394.5 115.9
090A-4 D 2355 591.8 173.8
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Braking energy calculation

The following calculations can be used to estimate the type of brake resistor that will
be required for the application. To complete the calculation, some basic information is
required. Remember to use the worst-case values to ensure that the braking power is
not underestimated. For example, use the maximum possible motor speed, maximum
inertia, minimum deceleration time and minimum cycle time that the application might
encounter.

Requirement Enter value here

a) Initial motor speed, before deceleration
begins, in radians per second.

Initial motor speed, U = rad/s

Multiply RPM by 0.1047 to give radians

per second.

b) Final motor speed after deceleration is

complete, in radians per second.
Multioly RPM by 0.1047 to get radians | "2 motorspeed, V=________ radls
per second. This value will be zero if the
load is going to be stopped.

c) The deceleration time from initial speed

to final speed, in seconds. Decel time, D B

d) The total cycle time (i.e. how frequently

the process is repeated), in seconds. Cycle time, C -

e) Total inertia.

This is the total inertia seen by the drive,
accounting for motor inertia, load inertia
and gearing. Use the Mint WorkBench
Autotune tool to tune the motor, with the
load attached, to determine the value.
This will be displayed in kg~m2 in the . .
Autotune tool. If you already know the | Total inertia, J =___ kgm
motor inertia (from the motor spec.) and
the load inertia (by calculation) insert the
total here.

Multiply kg-cm? by 0.0001 to give kg-m?Z.
Multiply Ib-f2 by 0.04214 to give kg-m°.
Muitiply Ib-in-s2 by 0.113 to give kg-m®.
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B Braking energy

The braking energy to be dissipated, E, is the difference between the initial energy in
the system (before deceleration begins) and the final energy in the system (after
deceleration has finished). If the system is brought to rest then the final energy is
zero.

The energy of a rotating object is given by the formula:

E = ><J><o)2

1
2
where E is energy, J is the moment of inertia, and w is the angular velocity.

The braking energy, which is the difference between the initial energy and the final
energy, is therefore:

E = (%xeUZ)f(%xeVZ)

x Ix (U2~ V?)

Nf—=

J (joules)

Calculate the braking energy for the motor. If the value is less than the system
braking capacity By, calculated on page 158, a brake resistor will not be required.
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B Braking power and average power

The braking power, Py, , is the rate at which the braking energy is dissipated. This
rate is defined by the deceleration period, D (see page 158). The shorter the
deceleration period, the greater the braking power.

E

P = —
genmax

Pgen,max = W (watts)

The regeneration resistors shown in the table on page 162 can withstand brief
overloads, but the average power dissipation must not exceed the stated continuous
power rating. The average power dissipation is determined by the proportion of the
application cycle time spent braking. The greater the proportion of time spent braking,
the greater the average power dissipation. This average value can be used to
represent an equivalent continuous braking power, where C is the cycle time (see
page 159):

D
=P X —
C

genave ~ | gen,max

= W (watts)

Calculate the maximum braking power Pyq, max and the equivalent continuous
braking power Pgg, e for the motor.
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Resistor selection

Pgen,ave is the value to use when assessing which brake resistor to use. However, a
safety margin of 1.25 times is recommended to ensure the resistor operates well
within its limits, so:

Required resistor power rating = 1.25 X Pgen ave

Pgen,ave = W (watts)

The selected resistor must satisfy the following conditions:

» Its resistance must be equal to or greater than the minimum resistance R,
stated for the MotiFlex e180 to which it is connected.

* lts continuous power rating must be equal to or greater than Pgen ave-
» Its pulse load rating must be sufficient to satisfy fast dynamic situations; see Pulse
load rating on page 163.

The following table lists the resistors suitable for use with the MotiFlex €180 range.

Drive type Rmin ;
Frame MFE180-04xx-... (ohm) Resistor data / Type
03A0-4 80
120 ohm, 145 W / JBR-01
A 05A0-4 80 ohm, 185 W / JBR-03
07A0-4 60
B 016A-4 33 40 ohm, 360 W / JBR-04
024A-4
C 031A-4
20 ohm, 570 W / JBR-05
046A-4 12 13 ohm, 790 W / JBR-06
060A-4
D
090A-4

Rmin The minimum allowed resistance of the braking resistor.

Resistor data / type Rated resistance and nominal continuous power of listed
JBR-xx resistors.

The ratings apply at an ambient temperature of 40°C (104°F).
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B Pulse load rating

The braking resistor capacity with different duty cycles can be defined by the
following pulse load curves. These curves are valid for a maximum 120 s cycle time.
In higher ambient temperatures between 40°C and 70°C (maximum) the braking
power values should be derated by 15% per 10°C.

Duty cycle This is the load (active braking) time as a proportion of the total cycle
time. For example, 1 s braking time every 10 s represents a 10% duty
cycle.

Peak power Peak braking power (W) during the braking time.

JBR-xx / Pulse load rating
100000

JBR-06
\
10000 N k\\\
— N S N
S \\JBR-O4 \\ N
5] N \\ NG
§_ N\ NN N\
2 A<JBR-03 \ \ \
X
< \\\ \\
(0]
o JBR-01 -
1000 ~—_ — ~C NN
— SN S~ SN
~—__ . - NS
R N\ N\, N\
T~ N\ N h
NN\ N

N h
N
\

o~

100
1.00% 10.00% 100.00%

Duty cycle
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B Duty cycle

The braking duty cycle is the amount of time taken braking as a proportion of the
overall application cycle time. For example, the following diagram shows a system
which performs a trapezoidal move profile, with braking during part of the
deceleration phase.

The braking duty is 0.2 (0.5 second braking / 2.5 second cycle time):

ﬂ H Decel time Braking active
v ' '
' 1
105s 1 05s 05s
A (] ! '
l (] l ' l '
l (] l ' l '
l (] l ' l '
l ' l l
s s / s
| 1 X 0 ‘
K N N N

25s 25s 25s
(Cycle time) (Cycle time) (Cycle time)
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Resistor installation and wiring

All resistors must be installed outside the drive in a place where they are cooled
sufficiently, do not block the airflow to other equipment, or dissipate hot air into the air
inlets of other equipment.

WARNING! The materials near the braking resistor must be non-flammable.

The surface temperature of the resistor may rise above 200 °C (400 °F), and
the temperature of the air flowing from the resistor is hundreds of degrees Celsius.
Protect the resistor against contact.

The maximum length of the resistor cable(s) is 20 m (65 ft). For the connections, see
section Power cable connection on page 53.

B Contactor protection of drive

It is highly recommended to equip the drive with a main contactor for safety reasons.
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.

Below is a simple example wiring diagram.

L1 L2 L3
1
OFF [- -,
Fuses |::| |::| |::| 2
11 3 5 13 3
B A i ON E- -
2 4 \\6 X \14\ \4\
B —_ e .
MotiFlex e180 B S :
U1 v1 w1 | .
i : 7‘9 Resistor thermal switch
: K1
----- ]
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Dimension drawings

What this chapter contains

Dimension drawings of the MotiFlex €180 and related accessories are shown below.
The dimensions are given as millimetres (inches).
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Frame A

1435
(5.65)

@5
(0.20)
@10
(0.39)

z0) > |«
zs

(62°0)
€L

El)
(3.54)
75
(2.95)
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Frame A with accessory brackets

474
(18.66)
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Frame B

221
(8.70)

380
(14.97)
353
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Frame B with accessory brackets

]

ARD

-

476
(18.73)
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Frame C

224
(8.82)

Y

>l

370
(14.55)

467
(18.37)
356
(14.02)
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Frame C with accessory brackets

558
(21.96)
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Frame D

467
(18.37)
356
(14.02)

(14.55)
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Frame D with accessory brackets

4

644
(25.34)




176 Dimension drawings

Mains chokes (type CHK-0x)

A

0

0

:T

F(4pcs) ‘
CHK-xx dimensions
Parameter Choke type
CHK-01 | CHK-02 | CHK-03 | CHK-04 | CHK-05 | CHK-06 | CHK-07 | CHK-08
dim A mm (in) 120 150 150 150 207 207 249 249
: 472) | (5.91) | (591) | (591) | (8.15) | (8.15) | (9.80) | (9.80)
dim B mm (in) 146 175 175 175 272 326 326 346
: (575) | (6.89) | (6.89) | (6.89) | (10.71) | (12.83) | (12.83) | (13.62)
. . 100 100 154 154 167 167
dimCmm (in) |79 (3.1))86(3.39)| (394) | (394) | (6.06) | (6.06) | (6.57) | (6.57)
. . 105 105 105 193 193 235 235
dmDmm(in) | 77@3.03)| (443 | 4.13) | (413) | (7.60) | (7.60) | (9.25) | (9.25)
dim E mm (in) 14 148 148 148 118 169 125 147
: (4.49) | (5.83) | (5.83) | (5.83) | (4.65) | (6.65) | (4.92) | (5.79)
F screw size M5 M5 M5 M5 M6 Mé Mé M6
Weight kg (bs) | 1.8 (4.0) | 3.8 (8.4) | 5.4 (11.9)| 5.2 (11.5)| 10(22) | 12 (26.5)| 14 (31) | 16 (35)
Wire size — 0.5...10|0.5...10| 0.5...10| 0.5...10| 1.5 ... 35[ 1.5 ... 35| 25... 50 | 25 ... 50
Main terminals | "5y 6" 59" 6) | (20...6) | (20...6) | (16...0) | (16...0) | (6..0) | (6...0)
mm2 (AWG)
Tightening torque —
Main terminals | 1.5(13) | 1.5(13) | 1.5(13) | 1.5(13) | 3.2(28) | 3.2(28) | 6(53) | 6(53)
N-m (Ibf-in)
PE/Chassis M4 M5 M5 M5 M6 M6 M6 M8
terminals
Tightening torque —
PE/Chassis
ormioots 3(26) | 4(35) | 4(35) | 4(35) | 8(70) | 8(70) | 8(70) | 15(135)
N-m (Ibf-in)
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[ 1}

DCL-0x dimensions

Choke type

Parameter DCL-01/-02 DCL-03/ -04
dim A mm (in.) 163 (6.42) 216 (8.50)
dim B mm (in.) 149 (5.87) 200 (7.87)
dim C mm (in.) 151 (5.94) 145 (5.71)
dim D mm (in.) 122 (4.80) 116 (4.57)
dim E mm (in.) 79 (3.11) 74 (2.91)

F screw size M5 M5
Weight kg (Ib) DCL-02: 4.41 (9.7) DCL-04: 6.00 (13.2)
with bracket 4.56 (10.1) 6.15 (13.6)
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Mains filters: dimensions (type JFI-xx)
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Braking resistors: dimensions (type JBR-xx)
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18

Appendix: Safe Torque Off
(STO)

What this chapter contains

The appendix describes the basics of the Safe torque off function (STO) for the
MotiFlex €180. In addition, application features and technical data for the safety
system calculation are presented.

Basics

The drive supports the Safe Torque Off (STO) function according to standards:

EN 61800-5-2: 2007

EN 61508-1/-2: 2010

EN ISO 13849-1: 2008

EN ISO 13849-2: 2012

EN 62061: 2005 + A1: 2013.

The STO function disables the control voltage of the power semiconductors of the
drive output stage, which prevents the inverter generating the voltage required to
rotate the motor (see diagram below). By using this function, short-time operations
(like cleaning) and/or maintenance work on non-electrical parts of the machinery can
be performed without switching off the power supply to the drive.
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Using internal 24 V drive source:

MotiFlex e180

—— Safe Torque Off Internal Safety circuit
PWM control circuit connections 24V (emergency stop switch,
source. relay etc.
X2:1 g NT T~ A

x2:31\ ' }>©<' | =

X2:4 DO I/t/I

PWM power
circuit

Integrated  DC+
Power

Drivers Module
High

W+~ U2 | motor output (U phase shown)
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Using external 24V sources:

. Safety circuit External
MotiFlex e180 (emergency 24V
PWM control Safe Torque Off stop switch, source.
circuit connections relay etc.
X2:3 24V
X2:4 +24 \/
X2:2
Common +0V
PWM power
circuit
Integrated pC+
Drivers Power
Fiigh Module
L U+ »
' U2
W+~ Motor output (U phase shown)
Low
U
V- =
L W-I— DC-

Notes:

* The STO function is activated when one or both of the safety circuit contacts open. If the period between
both contacts opening or closing exceeds a predefined value, a fault in the safety circuit or wiring is assumed
and an error is reported.

* The maximum cable length between drive and the safety switch is 30 m (98 ft).

WARNING! The STO function does not disconnect the voltage of the main and

auxiliary circuits from the drive. Therefore maintenance work on electrical parts
of the drive or the motor can only be carried out after isolating the drive system from
the main supply. If the drive was connected to the input power, wait for 5 minutes after
disconnecting the input power.
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Special considerations for using the STO function

B Drive location

The MotiFlex €180 and all associated STO wiring must be installed in an indoor
location. The MotiFlex e180 must be installed in a cabinet. The suitability of the
cabinet for the intended environment must be determined by the installer. See
Ambient conditions on page 138 for further details.

B Hazard analysis

A hazard analysis of the application should be performed before using the STO
function in the application.

B Additional stopping methods

It is not recommended to stop the drive by using the STO function. If a running drive
is stopped by using the function, the drive trips and stops by coasting. If this is not
acceptable e.g. causes danger, the drive and machinery must be stopped using the
appropriate stopping mode before using this function. For example, suspended or
tensioned loads (e.g. cranes, hoists) will require additional brakes or mechanical
interlocks.

B IGBT failure

If a permanent magnet motor drive experiences multiple power semiconductor failure,
the drive system can produce an alignment torque which maximally rotates the motor
shaft by 180/p degrees (p = pole pair number), even if the STO function has been
correctly activated.

Failure of one or more IGBTs can cause the drive output to fail due to:
» |IGBT desaturation protection causing all IGBTs to be stopped.
* Rupture of the AC input fuse.

Terminology

‘Active’ or ‘activated’ means that the STO function has been triggered. This removes
power from the motor and disables the drive. The drive cannot be restarted without
further operator intervention.

‘Standby’ means that the STO function has not been triggered. The drive can power
the motor, provided all other criteria are satisfied to allow motor operation.
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Wiring principles

The Safe Torque Off connector is X2 on MotiFlex 180 drives.

Wiring principles are shown in the diagrams below. See chapter Technical data for
the cable specification and possible safety relay types.

* The wiring to each STO input must be routed separately.

» Wiring the STO inputs in accordance with the following diagrams provides Safety
Integrity Level 3 (SIL3). It is not permissible to control both STO inputs from one
safety circuit, as this does not provide SIL3 protection.

» The Safe Torque Off (STO) function provides a stop function equivalent to
‘stop category 0’ according to EN 60204-1.

» The STO element is classified as type A, according to EN 61508-2.

B Connected components

Ensure that all components controlling the STO inputs, including cabling, do not
cause the STO inputs to become constantly powered (a ‘dangerous failure’) or
constantly unpowered (a ‘safe failure’).

Diagnostic pulses produced by Safe Digital Output devices are not recognised by the
MotiFlex €180, and will not activate the STO function provided they have a period of
less than 1 ms.

B Short circuit testing

Short circuit conditions on the STO inputs must be tested within the proof test
interval.

B Power supply

It is recommended to use the 24 V DC supply provided on pin 1 of connector X2. This
supply is derived from the bus voltage (if present) or from the 24 V logic supply on
connector X9.

If an external 24 VV DC power supply is connected to X2 it must fulfil the following
criteria:

» It must be a Safety Extra Low Voltage (SELV) supply.

» |t must be suitable for the desired safe application and safety integrity level.

» It must be protected against over voltages.

« It must limit the output voltage under all fault conditions <60V.

* It must be TGV certified to EN 60950.

B Drive enable input

If an additional hardware ‘drive enable’ input is used to control the drive, it must not
be wired as part of the STO input circuit.




188 Appendix: Safe Torque Off (STO)

B Single drive module: internal power supply
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B Multiple drive modules: internal power supply
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Note: The maximum number of drives is 16.
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B Multiple drive modules: external power supply
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Note: The maximum number of drives is 16.
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Operation of the STO function and diagnostics

B Hardware activation of the STO function

The drive contains two STO inputs. If both STO inputs are powered, the STO function
is in the standby state and the drive operates normally.

If power is removed from one or both of the STO inputs, the STO function is activated.
The drive motor output power stage is disabled. Enabling is possible only after both
STO inputs have been powered, and the fault has been cleared.

B Firmware monitoring of the STO function

STO function activation

The firmware detects when the STO function is activated and generates the ‘STO
active’ error (10033). The drive can be enabled only after the fault has been cleared.

STO input states

The state of the STO inputs are monitored by the firmware. The state of the STO
inputs are stored in a hardware register within the drive. The register is monitored by
the drive over a period specified by the STOINPUTMISMATCHTIME Mint keyword. If
the inputs are in different states after the specified period has elapsed, the ‘STO input
mismatch’ error (10035) is generated.
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B Software monitoring of the STO function

The drive can be programmed using the Mint language. The software application Mint
WorkBench is available for configuring, programming and monitoring the status of the
drive. The SAFETORQUEOFF Mint keyword can be used to report the status of the
STO hardware registers. SAFETORQUEOFF contains an array of values indicating the
states of the STO1 and STO2 inputs, two internal hardware fault circuits, and one
internal STO status output. This array is described in the following table:

Parameter Meaning

SAFETORQUEOFF (0) The combined state of the two STO inputs:
STO1 = bit 0, STO2 = bit 1

SAFETORQUEOFF (1) The state of STO1 input:
0 = not powered, 1 = powered

SAFETORQUEOFF (2) The state of STO2 input:
0 = not powered, 1 = powered

SAFETORQUEOFF (3) Not used.

SAFETORQUEOFF (4) Not used.

(

(
SAFETORQUEOFF (5) Not used.

(

SAFETORQUEOFF (6) The state of the internal STO status output:
0 = fault, 1 = no fault

See the table in STO status indications on page 193 for a complete listing of
SAFETORQUEOFF values.

See Error messages generated by the drive on page 198, which describes the error
codes displayed by the drive.




STO status indications

Appendix: Safe Torque Off (STO) 193

The following table lists the state of the STO function with reference to:

» values of the SAFETORQUEOFF Mint keyword (see page 192).
» status of the STO inputs STO1 and STO2.

SAFETORQUEOFF (1) and SAFETORQUEOFF (2) return 1 when the respective STO
input is powered (STO in standby, motor output enabled).

SAFETORQUEOFF (6) returns 1 when both inputs are powered.

No FAULTs FAULTgs101 FAULTgst02 FAULTs10q FAULTgT02
present present both present
STO in standby. STO activated. STO activated. STO activated.

STO1 Motor output enabled. Motor output disabled. Motor output disabled. | Motor output disabled.
& SAFETORQUEOFF (0)=3 [ SAFETORQUEOFF (0)=3 | SAFETORQUEOFF (0)=3 | SAFETORQUEOFF (0)=3
STO2 SAFETORQUEOFF (1)=1 [ SAFETORQUEOFF (1)=1 | SAFETORQUEOFF (1)=1 | SAFETORQUEOFF (1)=1
powered | SAFETORQUEOFF (2)=1 SAFETORQUEOFF (2) =1 SAFETORQUEOFF (2) =1 SAFETORQUEOFF (2) =1
SAFETORQUEOFF (6)=1 J SAFETORQUEOFF (6)=0 | SAFETORQUEOFF (6)=0 | SAFETORQUEOFF (6)=0

STO activated. STO activated. STO activated. STO activated.
STO1 Motor output disabled. Motor output disabled. Motor output disabled. | Motor output disabled.
not SAFETORQUEOFF (0)=2 | SAFETORQUEOFF (0)=2 | SAFETORQUEOFF (0)=2 | SAFETORQUEOFF (0)=2
powered SAFETORQUEOFF (1)=0 | SAFETORQUEOFF (1)=0 | SAFETORQUEOFF (1)=0 | SAFETORQUEOFF (1)=0
SAFETORQUEOFF (2)=1 | SAFETORQUEOFF (2)=1 | SAFETORQUEOFF (2)=1 | SAFETORQUEOFF (2)=1
SAFETORQUEOFF (6)=0 | SAFETORQUEOFF (6)=0 | SAFETORQUEOFF (6)=0 | SAFETORQUEOFF (6)=0

STO activated. STO activated. STO activated. STO activated.
STO2 Motor output disabled. Motor output disabled. Motor output disabled. | Motor output disabled.
not SAFETORQUEOFF (0)=1 | SAFETORQUEOFF (0)=1 | SAFETORQUEOFF (0)=1 | SAFETORQUEOFF (0)=1
powered SAFETORQUEOFF (1)=1 | SAFETORQUEOFF (1)=1 | SAFETORQUEOFF (1)=1 | SAFETORQUEOFF (1)=1
SAFETORQUEOFF (2)=0 | SAFETORQUEOFF (2)=0 | SAFETORQUEOFF (2)=0 | SAFETORQUEOFF (2)=0
SAFETORQUEOFF (6)=0 | SAFETORQUEOFF (6)=0 | SAFETORQUEOFF (6)=0 | SAFETORQUEOFF (6)=0

STO activated. STO activated. STO activated. STO activated.
STO1 Motor output disabled. Motor output disabled. Motor output disabled. Motor output disabled.
STO2 SAFETORQUEOFF (0)=0 | SAFETORQUEOFF (0)=0 | SAFETORQUEOFF (0)=0 | SAFETORQUEOFF (0)=0
both not | SAFETORQUEOFF (1)=0 | SAFETORQUEOFF (1)=0 | SAFETORQUEOFF (1)=0 | SAFETORQUEOFF (1)=0
powered | SAFETORQUEOFF (2)=0 | SAFETORQUEOFF (2)=0 | SAFETORQUEOFF (2)=0 | SAFETORQUEOFF (2)=0
SAFETORQUEOFF (6)=0 | SAFETORQUEOFF (6)=0 | SAFETORQUEOFF (6)=0 | SAFETORQUEOFF (6)=0




194 Appendix: Safe Torque Off (STO)

B STO software functional diagram:

MotiFlex e180

sTo1—X23 STO1

SAFETORQUEOFF (6)

STOo2— %24

» SAFETORQUEOFF (1)

SAFETORQUEOFF (0)
» SAFETORQUEOFF (2)

Monitoring the delay between the STO inputs

The STO function monitors the switching time difference between the STO inputs.
See Operation of the STO function and diagnostics on page 191.

STO function activation and indication delays

Hardware activation delay (the delay between removing power from an STO input
and switching off the drive output bridge): < 50 ms.

Hardware indication delay (the delay between switching off the drive output bridge
and being indicated to the Mint program): < 50 ms.

Software STO indication delay, Mint program (the delay between a mismatch
occurring on the STO inputs and being indicated to the Mint program): < 200 ms user
defined period, set by STOINPUTMI SMATCHTIME.
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Validating the operation of a safety function

EN 61508, EN 62061 and EN ISO 13849-1 require that the final assembler of the
machine validates the operation of the safety function with an acceptance test at the
installation site. The acceptance tests for the standard safety functions of the drive
are described in the drive manual.

The acceptance test must be performed:

* by an authorized person

» atinitial start-up of the safety function

» after any changes related to the safety function (wiring, components, settings,
etc.)

« after any maintenance work related to the safety function.
+ at the proof test interval, T4.

B Authorized person

Commissioning of the drive and the acceptance test of the safety function must be
carried out by an authorized person with expertise and knowledge of the safety
function. The test must be documented and signed by the authorized person.

B Acceptance test reports

Signed acceptance test reports must be stored in the logbook of the machine. The
report shall include documentation of start-up activities and test results, references to
failure reports and resolution of failures. Any new acceptance tests performed due to
changes or maintenance shall be recorded in the logbook.

B Preliminary checks

Before powering the drive, check:

» Grounding has been properly connected.

* Energy sources have been properly connected and are operational.
» Transportation stops and packing materials have been removed.

* No physical damage is present.

* Allinstruments have been properly calibrated.

» All field devices are operational.

» Interfaces are operational.

» Interfaces to other systems and peripherals are operational.
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Start-up, acceptance, and proof test interval checklist

Action

Ensure that the drive can be run and stopped freely during the commissioning.

Stop the drive (if running), switch the input power off and isolate the drive from the
power line by a disconnector.

Check the STO circuit connections against the circuit diagram.

Check that the shield of the STO input cable is grounded to the drive frame.

Close the disconnector and switch the power on.

O Ooo dgo

Test the operation of the STO function when the motor is stopped:
+ Disable the drive and ensure the motor shaft is not rotating.

+ Activate the STO function (remove power from the STO inputs) and attempt to
enable the drive.

» Ensure that the drive can not be enabled (see section Operation of the STO
function and diagnostics on page 191.)

+ Deactivate the STO function (apply power to the STO inputs).

Test the operation of the STO function when the motor is running:
» Enable the drive and start motion. Ensure the motor is rotating.
+ Activate the STO function (remove power from the STO inputs).
» Ensure that the drive disables and the motor stops rotating.

» Attempt to enable the drive.

» Ensure that the drive can not be enabled (see section Operation of the STO
function and diagnostics on page 191.)

» Deactivate the STO circuit (apply power to the STO inputs).

Document and sign the acceptance test report which verifies that the safety function is
safe and accepted to operation.
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Restarting the drive

Restarting the drive is not part of the STO test or certification processes, but is
included here for convenience.

Action

Deactivate the STO circuit (apply power to the STO inputs).

If the drive holds a Mint program, or is connected to an Ethernet master device that can

enable the drive, it is possible for the drive to restart and begin to control the motor without

further intervention. If the drive does not hold a Mint program, some of the following actions

are necessary, depending on the installation:

+ Activate the additional drive enable input (if present).

+ In Mint WorkBench (if connected), click the Clear errors button on the System toolbar,
followed by the Drive Enable button on the Motion toolbar.

+ Enable the drive from the Ethernet master device (if connected).

Maintenance / servicing

Include the STO operation tests described in Start-up, acceptance, and proof test
interval checklist on page 196 in the routine maintenance program of the machinery
to which the drive is connected.

The STO function must be tested by authorized service personnel as frequently as
required by the proof test interval T; see Start-up, acceptance, and proof test interval
checklist on page 196. See also Data related to safety standards on page 202.

The STO input terminals do not need any maintenance. Maintain the drive according
to the instructions given in this manual.

The exchange of safety related systems or subsystems must be performed only in a
powerless condition.

The drive may only be opened by ABB authorized personnel.
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Error messages generated by the drive

When an error occurs, the drive displays the error
code on its front panel 7 segment display. The symbol
E is displayed, followed by the digits of the error code
in sequence.

For example, error code 10033 is displayed as
E...1..0.0..3..3.

Additionally, the right decimal point is illuminated for
any STO error. STO error

The STO errors are listed in the following table:

Note: The STO function is activated when one or both of the safety circuit contacts
open. If the period between both contacts opening or closing exceeds a predefined
value (defined by the STOINPUTMISMATCHTIME Mint keyword) a fault in the safety
circuit or wiring is assumed and an error is reported. The maximum allowed cable
length between the drive and the activation switch is 30 m (98 ft).
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Error

Cause

What to do

10033
ecSTO_ACTIVE

Either one or both of the
STO inputs is not powered.

This error is detected when
the drive is enabled, or
when attempting to enable
the drive in software.

- safe switch or relay has
dropped an output that
controls the STO input.

- emergency stop switch
has been operated.

- faulty safety relay

Use a test meter to check that
the device controlling the STO
input is providing the required
output.

Check the operation of the
emergency stop switch. Check
that the contacts close correctly
when the switch is reset.

Check the operation of the
safety relay.

10035
ecSTO_INPUT_MISMATCH

The drive has detected a
mismatch in its internal STO
registers.

This error can occur while

the drive is enabled or
disabled.

- emergency stop switch
fault

- wiring fault

Check the operation of the
emergency stop switch. Check
that the contacts close correctly
when the switch is reset.
Check that the period defined
by STOINPUTMISMATCHT IME
is long enough to allow both
STO inputs to settle.

Check the operation of the
emergency stop switch. Check
that the contacts close correctly
when the switch is reset.

Check all wiring for the STO
inputs.

Decommissioning

Before decommissioning any safety system from active service:

» Evaluate the impact of decommissioning on adjacent operating units and facilities

or other field services.

» Conduct a proper review and obtain required authorization.

» Ensure that the safety functions remain appropriate during decommissioning

activities.

Implement appropriate change management procedures for all decommissioning

activities.
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Technical data

B STO safety relay type

General requirements

EN 61508 and/or EN 61511 and/or
EN ISO 13849-1

Output requirements

No. of current paths

2 independent paths (one for each STO path)

Switching voltage capability

30 V DC per contact

Switching current capability

10 mA per contact per drive

Maximum switching delay
between contacts

<200 ms

Internal supply/multiple
units

Maximum length of safety
circuit from operating contact
to most distant drive

30 m (98.4 ft)

Maximum number of drives in
circuit

External supply/multiple
units

External power supply

24V DC +10% SELV

Current requirement

20 mA per connected drive

Example 1

Simple SIL3 approved safety relay

Type and manufacturer

PSR-SCP- 24UC/ESP4/2X1/1X2 by Phoenix
Contacts

Approvals

EN 954-1, cat 4; EN 61508, SIL3

Example 2

Programmable safety logic

Type and manufacturer

PNOZ Multi M1p by Pilz

Approvals

EN 954-1, cat 4; EN 61508, SIL3; and
ENISO 13849-1, PL e
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Type

2x2x0.75 m? low voltage, single shielded, twisted
pair cable

Maximum length

30 m between STO inputs and the operating

contact

Example cable

Li YCY TP 2x2x0.75 mm? shielded twisted pair
cable by HELUKABEL or CEAM

B Ambient conditions

Description Unit All models
Operating temperature range °C °F
Minimum VDC |+0 +32
Maximum +55* +131*
Derate Subject to derating; | Subject to derating;
see Derating on see Derating on page
page 129. 129.
Storage temperature range -40 to +85 -40 to +185
Humidity % 95
(maximum, non-condensing)
Maximum installation altitude
(above m.s.l.)
non-STO parts: | m 1000. Above 1000 m derate 1.1% / 100 m
ft 3280. Above 3280 ft derate 1.1% / 330 ft
STO function: | m 2000
ft 6561
Shock 10G
Vibration 1G, 10-150 Hz

* Subject to derating. See Derating on page 129.




202 Appendix: Safe Torque Off (STO)

Data related to safety standards

B Safety data

Frame| SIL/ [PL| SFF | PFHp | PFDg |MTTF4| DC |SC|Cat.| HFT | CCF [Lifetime
SILCL [%] [1/h] [1/h] [a] | [%] [a]
A 3 | e [98.48%|2.01E-09]1.35E-05[13873 290 | 3 | 3 | 1 | 80 20
B 3 | e [98.44%|2.22E-09]1.42E-05[12896 290 | 3 | 3 | 1 | 80 20
[ 3 | e |98.07%|2.25E-09[1.72E-05| 8927 | 290 | 3 | 3 | 1 | 80 20
D 3 | e |98.07%|2.25E-09[1.72E-05| 8927 | 290 | 3 | 3 | 1 | 80 20

Proof test interval (PTI) T4 = 2 years.
Mean repair time MRT = 0 h (circuit boards are not intended to be repaired).
Mean time to restoration MTTR = 48 h (MRT plus time used to locate the failure).

B Failure rates

Frame Channel Asd Asu Agd Adu SFF
[FIT] [FIT] [FIT] [FIT] [%]
Total 203.0 217.8 1.7 6.5 98.5 %
A CHX 9.4 0.3 0.0 1.8 84.5%
CH1 193.6 2175 1.7 47 98.9 %
CH2 192.1 217.6 1.7 47 98.9 %
Total 205.4 220.0 2.1 6.8 98.4 %
B CHX 10.3 2.3 0.0 2.0 86.5 %
CH1 195.0 2175 2.1 48 98.9 %
CH2 194.0 217.7 2.1 48 98.9 %
Total 203.0 359.2 1.7 111 98.1 %
c CHX 9.4 0.3 0.0 1.8 84.5%
CH1 193.6 358.8 1.7 9.3 98.3 %
CH2 192.1 358.9 1.7 9.3 98.3 %
Total 203.0 359.2 1.7 111 98.1 %
b CHX 9.4 0.3 0.0 1.8 84.5%
CH1 193.6 358.8 1.7 9.3 98.3%
CH2 192.1 358.9 1.7 9.3 98.3 %
Tested with:

» Control board build version 3AXD50000017333 rev- (PCB Z-PB0508rev3 /
H771i3 and later).

* Firmware build version MotiFlex e180 Build 5807.4.0 and later.
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Abbreviations

Abbreviation | Reference Description

CCF EN ISO 13849-1 Common Cause Failure (%)

DC EN ISO 13849-1 Diagnostic Coverage

FIT EN 61508 Failure In Time: 1 x 10 hours

HFT EN 61508 Hardware Fault Tolerance

IGBT Insulated-gate bipolar transistor: The electrical
components that drive the motor power outputs

MTTFp EN ISO 13849-1 Mean Time To dangerous Failure: (The total number of
life units) / (the number of dangerous, undetected
failures) during a particular measurement interval under
stated conditions

PFD EN 61508 Probability of Failure on Demand

PFH EN 61508 Probability of Dangerous Failures per Hour

PL EN ISO 13849-1 Performance Level: Corresponds SIL, Levels a-e

PTI EN 61508 Proof Test Interval

SFF EN 61508 Safe Failure Fraction (%)

SIL EN 61508 Safety Integrity Level

STO EN 61800-5-2 Safe Torque Off

CE Declaration of Conformity

The declaration (3AXD10000371048) is available on the internet. See Document
library on the Internet on page 205.

TuV Certificate

The TuV Certificate (3AXD10000391362) is available on the internet. See Document
library on the Internet on page 205.




204 Appendix: Safe Torque Off (STO)




Further information

Product and service inquiries

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

Product training

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

Providing feedback on ABB Drives manuals

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

Document library on the Internet

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



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

Contact us

www.abb.com/motion
www.abb.com/drives
www.abb.com/drivespartners
www.abb.com/PLC

3AXD50000019946 REV C (EN) EFFECTIVE: 2016-03-01

viy AL HRED
Power and productivity
for a better world™ " .' I'



	List of related manuals
	Safety
	What this chapter contains
	Use of warnings
	Safety in installation and maintenance
	Electrical safety
	Grounding
	Permanent magnet motor drives

	General safety
	Printed circuit boards

	Safe start-up and operation
	General safety
	Network security


	Introduction to the manual
	What this chapter contains
	Target audience
	Categorization according to the frame size
	Categorization according to the + code
	Contents of this manual
	Related documents
	Quick installation and start-up flowchart
	Terms and abbreviations
	General terms
	Trademarks


	Operation principle and hardware description
	What this chapter contains
	Product overview
	Layout
	Main circuit

	Type designation label
	Type designation key
	Memory unit - MU


	Mechanical installation
	What this chapter contains
	Contents of the package
	Requirements for the installation site
	Required tools

	Cabinet construction
	Disposition of the devices
	Grounding of mounting structures

	Main dimensions and free space requirements
	Cooling and degrees of protection
	Preventing the recirculation of hot air

	Cabinet heaters
	Installation procedure
	Direct wall mounting
	DIN rail mounting (frames A and B only)
	Mains choke installation
	DC choke installation
	Mains filter installation
	Braking resistor installation
	Feedback module installation


	Planning the electrical installation
	What this chapter contains
	Motor selection
	Supply connection
	Supply disconnecting device
	Other regions

	Thermal overload and short circuit protection
	Thermal overload protection
	Protection against short-circuit in motor cable
	Protection against short-circuit in the supply cable or the drive
	Motor thermal protection

	Ground fault protection
	Emergency stop devices
	Safe Torque Off
	Selecting the power cables
	General rules
	Alternative power cable types
	Motor cable shield

	Protecting the relay output contacts and attenuating disturbances in case of inductive loads
	Residual current device (RCD) compatibility
	Selecting the control cables
	Relay cable

	Connection of a motor temperature sensor to the drive
	Routing the cables
	Control cable ducts


	Electrical installation: AC input, motor and brake
	What this chapter contains
	Checking the insulation of the assembly
	Drive
	Supply cable
	Motor and motor cable
	Braking resistor assembly

	Power cable connection
	Power cable connection diagram
	Procedure
	DC connection

	Motor brake connection

	Electrical installation: input / output
	What this chapter contains
	Connecting the control cables
	Control connections to the control unit

	Analogue I/O
	X7: Analogue inputs AI0, AI1
	X8: Analogue output AO0

	Digital I/O
	Using a digital input as a drive enable input (optional)
	Using a digital input as a home switch input (optional)
	X2: Digital inputs - Safe Torque Off (STO) inputs
	X3: Digital inputs - general purpose DI1 & DI2
	Special functions on inputs DI1 & DI2
	X4 & X5: Digital inputs - general purpose DI0, DI3 - DI7
	X6: Digital outputs - general purpose DO0 - DO3

	Other I/O
	X1: Relay (DO4)
	X9: External power supply for the control unit (optional)
	X10: Thermistor input
	Linear switches - startup functions
	Control cable grounding

	Ethernet ports
	E1 / E2: Ethernet fieldbus
	E1 / E2: Ethernet port configuration
	E3: Ethernet host

	Motor feedback modules
	Attaching the feedback module: FB-01, FB-02, FB-03
	Attaching the feedback module: FB-04
	All feedback options: Incremental encoder input (X11)
	All feedback options: Incremental encoder output (X12)
	Feedback option FB-01 (+L517): Incremental encoder with Halls (X13)
	Feedback option FB-02 (+L518): Serial interfaces + SinCos (X13)
	Feedback option FB-03 (+L516): Resolver (X13)
	Feedback option FB-04 (+L530): DSL (X13)


	Installation checklist
	Checklist

	Start-up
	What this chapter contains
	Safety
	Introduction
	Connect the MotiFlex e180 to the PC
	Install Mint WorkBench
	Configure the PC Ethernet adapter
	Enable the Ethernet adapter for Mint WorkBench
	Start the MotiFlex e180
	Preliminary checks
	Power on checks

	Start Mint WorkBench
	Commissioning Wizard
	Using the Commissioning Wizard
	Further tuning - no load attached
	Further tuning - with load attached

	Optimising the velocity response
	Correcting overshoot
	Correcting zero-speed noise in the velocity response
	Ideal velocity response
	Performing test moves - continuous jog
	Performing test moves - relative positional move

	Further configuration
	Configuration tool
	EtherCAT tool
	Parameters tool
	Spy window
	Other tools and windows

	Safe Torque Off (STO) acceptance test

	Fault tracing
	What this chapter contains
	Problem diagnosis
	SupportMe feature
	Power-cycling the MotiFlex e180

	MotiFlex e180 indicators
	EtherCAT® mode
	Ethernet POWERLINK mode
	Drive status display
	Power
	Communication
	Mint WorkBench
	Tuning
	Ethernet


	Maintenance
	What this chapter contains
	Safety
	Maintenance intervals
	Heatsink
	Cooling fan
	Fan replacement: 3 A - 16 A models (frames A and B)
	Fan replacement: 31 A - 90 A air cooled models (frames C and D)

	Reforming the capacitors
	Other maintenance actions
	Transferring the memory unit to a new drive
	Modification, replacement, or removal of control unit (GCU-xx)


	Technical data
	What this chapter contains
	Ratings
	Derating

	Cooling
	Cooling characteristics, noise levels
	Efficiency
	Supply cable fuses
	AC input (supply) connection
	DC connection
	Motor connection
	Control unit
	Feedback modules
	All modules, X11
	All modules, X12
	FB-01: X13 Incremental encoder with Halls
	FB-02: X13 Serial interfaces + SinCos
	FB-03: X13 Resolver
	FB-04: X13 Hiperface DSL

	Dimensions and weights
	Ambient conditions
	Degrees of protection
	Materials
	RoHS compliance

	Applicable standards
	Design and test standards
	Environmental test standards:
	Functional safety standards:

	CE marking
	Compliance with the European EMC Directive
	Compliance with the European Machinery Directive
	C-tick
	UL marking
	UL checklist


	Mains chokes
	What this chapter contains
	When is a mains choke required?
	Selection table
	Installation guidelines
	Connection diagram


	DC chokes
	What this chapter contains
	When is a DC choke required?
	Selection table
	Connection diagram

	Installation procedure

	Mains filters
	What this chapter contains
	When is a mains filter required?
	Selection table
	Installation guidelines
	Connection diagram


	Resistor braking
	What this chapter contains
	Introduction
	System braking capacity
	Braking energy calculation
	Braking energy
	Braking power and average power

	Resistor selection
	Pulse load rating
	Duty cycle

	Resistor installation and wiring
	Contactor protection of drive


	Dimension drawings
	What this chapter contains
	Frame A
	Frame A with accessory brackets
	Frame B
	Frame B with accessory brackets
	Frame C
	Frame C with accessory brackets
	Frame D
	Frame D with accessory brackets
	Mains chokes (type CHK-0x)
	DC chokes (type DCL-0x)
	Mains filters: dimensions (type JFI-xx)
	Mains filters: wire sizes (type JFI-xx)
	Braking resistors: dimensions (type JBR-xx)
	Braking resistors: wire sizes (type JBR-xx)

	Appendix: Safe Torque Off (STO)
	What this chapter contains
	Basics
	Special considerations for using the STO function
	Drive location
	Hazard analysis
	Additional stopping methods
	IGBT failure

	Terminology
	Wiring principles
	Connected components
	Short circuit testing
	Power supply
	Drive enable input
	Single drive module: internal power supply
	Single drive module: external power supply
	Multiple drive modules: internal power supply
	Multiple drive modules: external power supply

	Operation of the STO function and diagnostics
	Hardware activation of the STO function
	Firmware monitoring of the STO function
	Software monitoring of the STO function

	STO status indications
	STO software functional diagram:

	Monitoring the delay between the STO inputs
	STO function activation and indication delays
	Validating the operation of a safety function
	Authorized person
	Acceptance test reports
	Preliminary checks

	Start-up, acceptance, and proof test interval checklist
	Restarting the drive
	Maintenance / servicing
	Error messages generated by the drive
	Decommissioning
	Technical data
	STO safety relay type
	STO cable
	Ambient conditions

	Data related to safety standards
	Safety data
	Failure rates

	Abbreviations
	Product and service inquiries
	Product training
	Providing feedback on ABB Drives manuals
	Document library on the Internet


