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Original Instructions
For the purposes of compliance with the EU Machinery Directive 2006/42/EC, the English version of this manual is the Original Instructions. Manuals
in other languages are Translations of the Original Instructions.
Documentation
Manuals are available to download from the following locations: http://www.drive-setup.com/ctdownloads

The information contained in this manual is believed to be correct at the time of printing and does not form part of any contract. The manufacturer
reserves the right to change the specification of the product and its performance, and the contents of the manual, without notice.
Warranty and Liability

In no event and under no circumstances shall the manufacturer be liable for damages and failures due to misuse, abuse, improper installation, or
abnormal conditions of temperature, dust, or corrosion, or failures due to operation outside the published ratings. The manufacturer is not liable for
consequential and incidental damages. Contact the supplier of the dive for full details of the warranty terms.

Environmental policy
Control Techniques Ltd operates an Environmental Management System (EMS) that conforms to the International Standard ISO 14001.

Further information on our Environmental Policy can be found at: http://www.drive-setup.com/environment

Restriction of Hazardous Substances (RoHS)

The products covered by this manual comply with European and International regulations on the Restriction of Hazardous Substances including EU
directive 2011/65/EU and the Chinese Administrative Measures for Restriction of Hazardous Substances in Electrical and Electronic Products.

Disposal and Recycling (WEEE)

When electronic products reach the end of their useful life, they must not be disposed of along with domestic waste but should be recycled
by a specialist recycler of electronic equipment. Control Techniques products are designed to be easily dismantled into their major
component parts for efficient recycling. The majority of materials used in the product are suitable for recycling.

mmmmm  Product packaging is of good quality and can be re-used. Large products are packed in wooden crates. Smaller products are packaged
in strong cardboard cartons which have a high recycled fibre content. Cartons can be re-used and recycled. Polythene, used in protective
film and bags for wrapping the product, can be recycled. When preparing to recycle or dispose of any product or packaging, please
observe local legislation and best practice.

REACH legislation

EC Regulation 1907/2006 on the Registration, Evaluation, Authorisation and restriction of Chemicals (REACH) requires the supplier of an article to
inform the recipient if it contains more than a specified proportion of any substance which is considered by the European Chemicals Agency (ECHA)
to be a Substance of Very High Concern (SVHC) and is therefore listed by them as a candidate for compulsory authorisation.

Further information on our compliance with REACH can be found at: http://www.drive-setup.com/reach

Registered Office

Nidec Control Techniques Ltd

The Gro

Newtown

Powys

SY16 3BE

UK

Registered in England and Wales. Company Reg. No. 01236886.

Copyright

The contents of this publication are believed to be correct at the time of printing. In the interests of a commitment to a policy of continuous development
and improvement, the manufacturer reserves the right to change the specification of the product or its performance, or the contents of the guide, without
notice.

All rights reserved. No parts of this guide may be reproduced or transmitted in any form or by any means, electrical or mechanical including
photocopying, recording or by an information storage or retrieval system, without permission in writing from the publisher.

Copyright © January 2018 Nidec Control Techniques Ltd

Drive Firmware: 01.17.00.00 onwards
Ethernet Firmware: 02.02.02.00 onwards

For patent and intellectual property related information please go to: www.ctpatents.info.



How to use this guide

This guide is intended to be used in conjunction with the appropriate Power Installation Guide. The Power Installation
Guide gives information necessary to physically install the drive. This guide gives information on drive configuration,
operation and optimization.

NOTE

There are specific safety warnings throughout this guide, located in the relevant sections. In addition, Chapter 1 Safety
information contains general safety information. It is essential that the warnings are observed and the information
considered when working with or designing a system using the drive.

This map of the user guide helps to find the right sections for the task you wish to complete, but for specific information,
refer to Contents on page 4:

Programming
Familiarisation System design and Troubleshooting
commissioning

Quick Start /
bench testing

1 Safety information

2 Product information

3 Mechanical installation

4 Electrical installation

5 Getting started

6 Basic parameters

7 Running the motor

8 Optimization

9 Communication

10 NV media card operation

11 Onboard PLC

12 Advanced parameters

13 Diagnostics

14 UL listing information
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EU Declaration of Conformity

Nidec Control Techniques Ltd
The Gro

Newtown

Powys

SY16 3BE

UK

This declaration is issued under the sole responsibility of the manufacturer. The object of the declaration is in conformity with the relevant European
Union harmonization legislation. The declaration applies to the variable speed drive products shown below:

Model number Interpretation Nomenclature aaaa - bbc ddddde

aaaa Basic series M100, M101, M200, M201, M300, M400, M600, M700, M701, M702, M708, M709, M751, M753, M754,
F300, H300, E200, E300, HS30, HS70, HS71, HS72, M000, RECT

bb Frame size 01, 02, 03, 04, 05, 06, 07, 08, 09, 10, 11

c Voltage rating 1=100V,2=200V,4=400V,5=575V,6 =690 V

ddddd Current rating Example 01000 = 100 A

o Drive format A =6P Rectif!gr + Inverter (internal choke), D = Inverter, E = 6P Rectifier + Inverter (external choke),
T = 12P Rectifier + Inverter (external choke)

The model number may be followed by additional characters that do not affect the ratings.

The variable speed drive products listed above have been designed and manufactured in accordance with the following European harmonized
standards:

EN 61800-5-1:2007 Adjustable speed electrical power drive systems - Part 5-1: Safety requirements - Electrical, thermal and energy
EN 61800-3: 2004+A1:2012 Adjustable speed electrical power drive systems - Part 3: EMC requirements and specific test methods
EN 61000-6-2:2005 Electromagnetic compatibility (EMC) - Part 6-2: Generic standards - Immunity for industrial environments

Electromagnetic compatibility (EMC) - Part 6-4: Generic standards - Emission standard for industrial

EN 61000-6-4: 2007+ A1:2011 .
environments

Electromagnetic compatibility (EMC) - Part 3-2: Limits for harmonic current emissions (equipment input current

EN 61000-3-2:2014 <16 A per phase)

Electromagnetic compatibility (EMC) - Part 3-3: Limitation of voltage changes, voltage fluctuations and flicker in
EN 61000-3-3:2013 public, low voltage supply systems, for equipment with rated current <16 A per phase and not subject to
conditional connection

EN 61000-3-2:2014 Applicable where input current < 16 A. No limits apply for professional equipment where input power >1 kW.

These products comply with the Restriction of Hazardous Substances Directive (2011/65/EU), the Low Voltage Directive (2014/35/EU) and the
Electromagnetic Compatibility Directive (2014/30/EU).

(g wlliak

G Williams
Vice President, Technology
Date: 6th September 2017

These electronic drive products are intended to be used with appropriate motors, controllers, electrical protection components and other
equipment to form complete end products or systems. Compliance with safety and EMC regulations depends upon installing and
configuring drives correctly, including using the specified input filters.

The drives must be installed only by professional installers who are familiar with requirements for safety and EMC. Refer to the Product
Documentation. An EMC data sheet is available giving detailed information. The assembler is responsible for ensuring that the end product
or system complies with all the relevant laws in the country where it is to be used.
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EU Declaration of Conformity (including 2006 Machinery Directive)

Nidec Control Techniques Ltd
The Gro

Newtown

Powys

SY16 3BE

UK

This declaration is issued under the sole responsibility of the manufacturer. The object of the declaration is in conformity with the relevant Union
harmonization legislation. The declaration applies to the variable speed drive products shown below:

Model No. Interpretation Nomenclature aaaa - bbc ddddde
. ) M600, M700, M701, M702, M708, M709, M751, M753, M754, F300, H300, E200, E300, HS70, HS71, HS72,

aaaa Basic series

MO000, RECT
bb Frame size 01, 02, 03, 04, 05, 06, 07, 08, 09, 10, 11
c Voltage rating 1=100V,2=200V,4=400V,5=575V,6 =690 V
ddddd Current rating Example 01000 = 100 A

. A = 6P Rectifier + Inverter (internal choke), D = Inverter, E = 6P Rectifier + Inverter (external choke),

e Drive format o

T = 12P Rectifier + Inverter (external choke)

The model number may be followed by additional characters that do not affect the ratings.

This declaration relates to these products when used as a safety component of a machine. Only the Safe Torque Off function may be used
for a safety function of a machine. None of the other functions of the drive may be used to carry out a safety function.

These products fulfil all the relevant provisions of the Machinery Directive 2006/42/EC and the Electromagnetic Compatibility Directive (2014/30/EU).
EC type examination has been carried out by the following notified body:

TUV Rheinland Industrie Service GmbH The harmonized standards used are shown below:
Am Grauen Stein EC type-examination certificate numbers:
Germany

Notified body identification number: 0035

EN 61800-5-1:2016 Adjustable speed electrical power drive systems - Part 5-2: Safety requirements - Functional

EN 61800-5-1:2016

(in extracts) Adjustable speed electrical power drive systems - Part 5-1: Safety requirements - Electrical, thermal and energy

EN 61800-3: 2004+A1:2012 | Adjustable speed electrical power drive systems - Part 3: EMC requirements and specific test methods

EN ISO 13849-1:2015 Safety of Machinery, Safety-related parts of control systems, General principles for design

EN 62061:2005 + AC:2010 Safety of machinery, Functional safety of safety related electrical, electronic and programmable electronic control
+ A1:2013 + A2:2015 systems

IEC 61508 Parts 1 - 7:2010 | Functional safety of electrical/ electronic/programmable electronic safety-related systems

Person authorised to complete the technical file:
P Knight

Conformity Engineer

Newtown, Powys, UK

~i
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DoC authorised by:

G. Williams

Vice President, Technology
Date: 6th September 2017
Place: Newtown, Powys, UK

IMPORTANT NOTICE

These electronic drive products are intended to be used with appropriate motors, controllers, electrical protection components and other
equipment to form complete end products or systems. It is the responsibility of the installer to ensure that the design of the complete
machine, including its safety-related control system, is carried out in accordance with the requirements of the Machinery Directive and any
other relevant legislation. The use of a safety-related drive in itself does not ensure the safety of the machine. Compliance with safety and
EMC regulations depends upon installing and configuring drives correctly, including using the specified input filters. The drive must be
installed only by professional installers who are familiar with requirements for safety and EMC. The assembler is responsible for ensuring
that the end product or system complies with all relevant laws in the country where it is to be used. For more information regarding Safe
Torque Off, refer to the Product Documentation.
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[MICHUENTL  information installation installation started parameters the motor P communication Operation PLC parameters 9 information
. . .
1 Safety information 1.5  Electrical hazards

1.1  Warnings, Cautions and Notes

A Warning contains information which is essential for
avoiding a safety hazard.

| WARNING|
A Caution contains information which is necessary for
avoiding a risk of damage to the product or other equipment.

NOTE

A Note contains information which helps to ensure correct operation of
the product.

1.2 Important safety information. Hazards.

Competence of designers and
installers

This guide applies to products which control electric motors either
directly (drives) or indirectly (controllers, option modules and other
auxiliary equipment and accessories). In all cases the hazards
associated with powerful electrical drives are present, and all safety
information relating to drives and associated equipment must be
observed.

Specific warnings are given at the relevant places in this guide.

Drives and controllers are intended as components for professional
incorporation into complete systems. If installed incorrectly they may
present a safety hazard. The drive uses high voltages and currents,
carries a high level of stored electrical energy, and is used to control
equipment which can cause injury. Close attention is required to the
electrical installation and the system design to avoid hazards either in
normal operation or in the event of equipment malfunction. System
design, installation, commissioning/start-up and maintenance must be
carried out by personnel who have the necessary training and
competence. They must read this safety information and this guide
carefully.

1.3  Responsibility

It is the responsibility of the installer to ensure that the equipment is
installed correctly with regard to all instructions given in this guide. They
must give due consideration to the safety of the complete system, so as
to avoid the risk of injury both in normal operation and in the event of a
fault or of reasonably foreseeable misuse.

The manufacturer accepts no liability for any consequences resulting
from inappropriate, negligent or incorrect installation of the equipment.

1.4 Compliance with regulations

The installer is responsible for complying with all relevant regulations,
such as national wiring regulations, accident prevention regulations and
electromagnetic compatibility (EMC) regulations. Particular attention
must be given to the cross-sectional areas of conductors, the selection
of fuses or other protection, and protective ground (earth) connections.

This guide contains instructions for achieving compliance with specific
EMC standards.

All machinery to be supplied within the European Union in which this
product is used must comply with the following directives:

2006/42/EC Safety of machinery.
2014/30/EU: Electromagnetic Compatibility.

The voltages used in the drive can cause severe electrical shock and/or
burns, and could be lethal. Extreme care is necessary at all times when
working with or adjacent to the drive. Hazardous voltage may be present
in any of the following locations:

* AC and DC supply cables and connections
*  Output cables and connections
* Many internal parts of the drive, and external option units

Unless otherwise indicated, control terminals are single insulated and
must not be touched.

The supply must be disconnected by an approved electrical isolation
device before gaining access to the electrical connections.

The STOP and Safe Torque Off functions of the drive do not isolate
dangerous voltages from the output of the drive or from any external
option unit.

The drive must be installed in accordance with the instructions given in
this guide. Failure to observe the instructions could result in a fire
hazard.

1.6  Stored electrical charge

The drive contains capacitors that remain charged to a potentially lethal
voltage after the AC supply has been disconnected. If the drive has been
energized, the AC supply must be isolated at least ten minutes before
work may continue.

1.7 Mechanical hazards

Careful consideration must be given to the functions of the drive or
controller which might result in a hazard, either through their intended
behaviour or through incorrect operation due to a fault. In any application
where a malfunction of the drive or its control system could lead to or
allow damage, loss or injury, a risk analysis must be carried out, and
where necessary, further measures taken to reduce the risk - for
example, an over-speed protection device in case of failure of the speed
control, or a fail-safe mechanical brake in case of loss of motor braking.

With the sole exception of the Safe Torque Off function, none of the
drive functions must be used to ensure safety of personnel, i.e.
they must not be used for safety-related functions.

The Safe Torque Off function may be used in a safety-related
application. The system designer is responsible for ensuring that the
complete system is safe and designed correctly according to the
relevant safety standards.

The design of safety-related control systems must only be done by
personnel with the required training and experience. The Safe Torque
Off function will only ensure the safety of a machine if it is correctly
incorporated into a complete safety system. The system must be subject
to a risk assessment to confirm that the residual risk of an unsafe event
is at an acceptable level for the application.

1.8 Access to equipment

Access must be restricted to authorized personnel only. Safety
regulations which apply at the place of use must be complied with.

1.9 Environmental limits

Instructions in this guide regarding transport, storage, installation and
use of the equipment must be complied with, including the specified
environmental limits. This includes temperature, humidity,
contamination, shock and vibration. Drives must not be subjected to
excessive physical force.

1.10 Hazardous environments

The equipment must not be installed in a hazardous environment (i.e. a
potentially explosive environment).

Unidrive M700 / M701 / M702 Control User Guide
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1.11 Motor

The safety of the motor under variable speed conditions must be
ensured.

To avoid the risk of physical injury, do not exceed the maximum specified
speed of the motor.

Low speeds may cause the motor to overheat because the cooling fan
becomes less effective, causing a fire hazard. The motor should be
installed with a protection thermistor. If necessary, an electric forced vent
fan should be used.

The values of the motor parameters set in the drive affect the protection
of the motor. The default values in the drive must not be relied upon. Itis
essential that the correct value is entered in the Motor Rated Current
parameter.

1.12 Mechanical brake control

Any brake control functions are provided to allow well co-ordinated
operation of an external brake with the drive. While both hardware and
software are designed to high standards of quality and robustness, they
are not intended for use as safety functions, i.e. where a fault or failure
would result in a risk of injury. In any application where the incorrect
operation of the brake release mechanism could result in injury,
independent protection devices of proven integrity must also be
incorporated.

1.13  Adjusting parameters

Some parameters have a profound effect on the operation of the drive.
They must not be altered without careful consideration of the impact on
the controlled system. Measures must be taken to prevent unwanted
changes due to error or tampering.

114  Electromagnetic compatibility (EMC)

Installation instructions for a range of EMC environments are provided in
the relevant Power Installation Guide. If the installation is poorly
designed or other equipment does not comply with suitable standards for
EMC, the product might cause or suffer from disturbance due to
electromagnetic interaction with other equipment. It is the responsibility
of the installer to ensure that the equipment or system into which the
product is incorporated complies with the relevant EMC legislation in the
place of use.
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2 Product information

21 Introduction
Universal AC and servo drive
This product family consists of Unidrive M700, Unidrive M701 and Unidrive M702, these deliver maximum machine performance.

Common features (Unidrive M700, 701 and 702)

* Universal high performance open and closed loop control for induction, servo, permanent magnet and linear motors
»  Automation and motion option module for direct migration of SyPTPro / SM-Applications programs

*  Onboard IEC 61131-3 programmable automation and motion control

*  Flexibility with speed and position measurement, supporting multiple devices and all common interfaces

* NV Media Card for parameter copying and data storage

Optional features (Unidrive M700, 701 and 702)
« Select up to three option modules including programmable automation and motion control.
Unidrive M700

» Ethernet fieldbus communications
* Single channel Safe Torque Off (STO) input

Unidrive M701

* Provides a direct replacement / upgrade for Unidrive SP
» EIA 485 serial communications interface

» Single channel Safe Torque Off (STO) input

Unidrive M702
*  Ethernet fieldbus communications
» Dual channel Safe Torque Off (STO) input

2.2 Model number
The way in which the model numbers for the Unidrive M700 range are formed is illustrated below:

Figure 2-1 Model number

Identification Label

Derivative Electrical Specifications rf(;‘:"“‘:’t Configuration* Reserved| [D i Cust Code| Optional Build
_T A A / 4 A
Product Line
700 - Ethernet .
701 - EIA 485 Conformal Coating:
702 - Ethernet, 2 x STO 0 = Standard
I naing:
1=1P20 / NEMA 1
Voltage Rating: Brake Transistor:
2-200 V (200 - 240 + 10 %) B = Brake
4 -400V (380 -480 =10 %) # N =No
5-575V (500 - 575 + 10 %) .
6-690 V (500 - 690 + 10 %) Cooling:
A = Air
Current Rating: Customer Code:
Heavy Duty current rating x 10 00 = 50 Hz
01=60Hz
Power Format: Documentation:
A-AC in AC out (with internal choke) 0 - Supplied separately
D - DC in AC out (Inverter) 1 - English
C - AC in DC out (Rectifier) 2 - French
E - AC in AC out (without internal choke) 3 - ltalian
T-AC in AC out (12P Rectifier plus Inverter, 4 - German
5 - Spanish
Configuration:
1 - Standard
U - No Control
M - Master
F - Follower

* Only shown on Frame size 9, 10 and 11 identification label.

NOTE

For simplicity a Frame 9 drive with no internal choke (i.e. model 09xxxxxxE) is referred to as a Frame 9E and a Frame 9 drive with an internal choke
(i.e. model 09xxxxxxA) is referred to as a Frame 9A. Any reference to Frame 9 is applicable to both sizes 9E and 9A.

Unidrive M700 / M701 / M702 Control User Guide 11
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2.3 Ratings

The drive is dual rated.

The setting of the motor rated current determines which rating applies -
Heavy Duty or Normal Duty.

The two ratings are compatible with motors designed to IEC60034.
The graph aside illustrates the difference between Normal Duty and
Heavy Duty with respect to continuous current rating and short term
overload limits.

Normal Duty

For applications which use Self ventilated (TENV/TEFC) induction
motors and require a low overload capability, and full torque at low
speeds is not required (e.g. fans, pumps).

Self ventilated (TENV/TEFC) induction motors require increased
protection against overload due to the reduced cooling effect of the fan

at low speed. To provide the correct level of protection the 12t software
operates at a level which is speed dependent. This is illustrated in the
graph below.

NOTE

The speed at which the low speed protection takes effect can be
changed by the setting of Low Speed Thermal Protection Mode
(04.025). The protection starts when the motor speed is below 15 % of
base speed when Pr 04.025 = 0 (default) and below 50 % when
Pr04.025 = 1.

Motor 12t protection is fixed as shown below and is compatible with:
» Self ventilated (TENV/TEFC) induction motors

iy

It protection operates in this reg|on

Motor total +
current (Pr 04.001)
as a percentage
of motor rated

current
100% e
70%

Max. permissible
continuous
current

— Pr04.025=0

''''' Pr 04.025 =1

Motor spe?ed asa
percentage of base speed

15% 50% 100%

Available output
current Overload limit -
A

Heavy Duty

Maximum
continuous
current (above
50% base
speed) -
Normal Duty

Overload limit -
Normal Duty

Maximum
continuous
current -
Heavy Duty

Motor rated
current set

Normal Dut'y in the drive

Heavy Duty - with high
overload capability

| Heavy Duty (default)

For constant torque applications or applications which require a high
overload capability, or full torque is required at low speeds (e.g. winders,
hoists).

The thermal protection is set to protect force ventilated induction motors
and permanent magnet servo motors by default.

NOTE

If the application uses a self ventilated (TENV/TEFC) induction motor
and increased thermal protection is required for speeds below 50 %
base speed, then this can be enabled by setting Low Speed Thermal
Protection Mode (04.025) =

Operation of motor Pt protection ‘

Motor 1%t protection defaults to be compatible with:
* Forced ventilation induction motors
* Permanent magnet servo motors

il

It protection operates in this reglon

Motor total t
current (Pr 04.001)
as a percentage
of motor rated

current
100% i
/, P
70% [

Max. permissible
continuous
current

m— Pr 04.025 =0

----- Pr 04.025 =1

Motor spe;d asa
percentage of base speed

50% 100%

12
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24 Operating modes
The drive is designed to operate in any of the following modes:
1. Open loop mode

Open loop vector mode

Fixed V/F mode (V/Hz)

Quadratic V/F mode (V/Hz)
2. RFC-A

With position feedback sensor

Without position feedback sensor (Sensorless)
3. RFC-S

With position feedback sensor

Without position feedback sensor (Sensorless)

4. Regen mode

241 Open loop mode

The drive applies power to the motor at frequencies varied by the user. The motor speed is a result of the output frequency of the drive and slip due
to the mechanical load. The drive can improve the speed control of the motor by applying slip compensation. The performance at low speed depends
on whether V/F mode or open loop vector mode is selected.

Open loop vector mode
The voltage applied to the motor is directly proportional to the frequency except at low speed where the drive uses motor parameters to apply the
correct voltage to keep the flux constant under varying load conditions.

Typically 100 % torque is available down to 1 Hz for a 50 Hz motor.
Fixed V/F mode

The voltage applied to the motor is directly proportional to the frequency except at low speed where a voltage boost is provided which is set by the
user. This mode can be used for multi-motor applications.

Typically 100 % torque is available down to 4 Hz for a 50 Hz motor.

Quadratic V/IF mode

The voltage applied to the motor is directly proportional to the square of the frequency except at low speed where a voltage boost is provided which is
set by the user. This mode can be used for running fan or pump applications with quadratic load characteristics or for multi-motor applications. This
mode is not suitable for applications requiring a high starting torque.

242 RFC-A mode

Rotor Flux Control for Asynchronous (induction) motors (RFC-A) encompasses closed loop vector control with a position feedback device

With position feedback

For use with induction motors with a feedback device installed. The drive directly controls the speed of the motor using the feedback device to ensure
the rotor speed exactly as demanded. Motor flux is accurately controlled at all times to provide full torque all the way down to zero speed.

Without position feedback (Sensorless)

Sensorless mode provides closed loop control without the need for position feedback by using current, voltages and key motor parameters to
estimate the motor speed. It can eliminate instability traditionally associated with open loop control such as operating large motors with light loads at
low frequencies.

2.4.3 RFC-S mode

Rotor Flux Control for Synchronous (permanent magnet brushless) motors (RFC-S) provides closed loop control with position feedback device.

With position feedback
For use with permanent magnet brushless motors with a feedback device installed.

The drive directly controls the speed of the motor using the feedback device to ensure the rotor speed is exactly as demanded. Flux control is not
required because the motor is self excited by the permanent magnets which form part of the rotor.

Absolute position information is required from the feedback device to ensure the output voltage is accurately matched to the back EMF of the motor.
Full torque is available all the way down to zero speed.

Without position feedback
For use with permanent magnet brushless motors without a feedback device installed.

Flux control is not required because the motor is self excited by the permanent magnets which form part of the rotor.
Full torque is available all the way down to zero speed, with salient motors.

244 Regen mode

For use as a regenerative front end for four quadrant operation.

Regen operation allows bi-directional power flow to and from the AC supply. This provides far greater efficiency levels in applications which would
otherwise dissipate large amounts of energy in the form of heat in a braking resistor.

The harmonic content of the input current is negligible due to the sinusoidal nature of the waveform when compared to a conventional bridge rectifier
or SCR/thyristor front end.

Contact the supplier of the drive for further information.
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2.5 Compatible position feedback devices
Table 2-1 Supported feedback devices
Encoder type Pr 3.038 setting
Quadrature incremental encoders with or without marker pulse AB (0)
Quadrature incremental encoders with UVW commutation signals for absolute position for permanent magnet motors
with or without marker pulse AB Servo (3)
Forward / reverse incremental encoders with or without marker pulse FR (2)
Forward / reverse incremental encoders with UVW commutation signals for absolute position for permanent magnet
motors with or without marker pulse FR Servo (5)
Frequency and direction incremental encoders with or without marker pulse FD (1)
Frequency and direction incremental encoders with UVW commutation signals for absolute position for permanent
magnet motors with or without marker pulse FD Servo (4)
Sincos incremental encoders SC (6)
Sincos incremental with commutation signals SC Servo (12)
Heidenhain sincos encoders with EnDat comms for absolute position SC EnDat (9)
Stegmann sincos encoders with Hiperface comms for absolute position SC Hiperface (7)
Sincos encoders with SSI comms for absolute position SC SSI (1)
Sincos encoders with BiSS (type C) comms for absolute position SC BiSS (17)
Sincos incremental with absolute position from single sin and cosine signals SC SC (15)
SSI encoders (Gray code or binary) SSI(10)
EnDat communication only encoders EnDat (8)
BiSS (type C) communication only encoders BiSS (13)
Resolver Resolver (14)
UVW commutation only encoders* Commutation only (16)
Option Slot 1 (18)
Provided by option module 82::2: 2:21 g E;g;
Option Slot 4 (21)
* This feedback device provides very low resolution feedback and should not be used for applications requiring a high level of performance.
14 Unidrive M700 / M701 / M702 Control User Guide
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2.6 Nameplate description
Figure 2-2 Typical drive rating labels
Frgme Heavy Duty
Model SIIZE current rating
Refer to [
User G —»l L] M700-032 00050 A A
1 ]
Voltage Drive format
Heavy Duty / - Key to approvals
Normal Duty npu Date cod
power rating freqLIJency / ate code C€ CE approval Europe
Input voltage [ X [$ -
0.75/1.1 ij 1714 | No.of phases & & Egrl:]/l Ii?:c?eu:\jgorrlzl Australia
Outout M /P 200-240V B0-60Hz Sph 10.84 < Typical input current for P
utpu Normal Duty ratin USA &
—p 0P 0240V iph 5.0/6.64 | Normal Duty rating
voltage ! =\ n“s UL / cUL approval Canada
C € HH e@us =
USTED 8014 5= Heavy Duty/ CR°||'|§ RoHS compliant Europe
E171230 o= Normal Duty rating omplian
Approvals »@ Ind. Cont. 8; output current - Functional af USA &
. Equipment 8; "QQ“S unctional safety Canada
RoHs 7] 5
{Compliant; 9w Serial [H[ EurAsian Conformity EurAsia
Designed in UK / Made in UK ) number
Large label*
Input Heavy Duty /
Model  frequency Normal Duty Date code
power rating
( e =\ No. of Input phase &
input_| M700-074-00660-A \ 30/37kW 1714 Input cument
voltage [Ty > /P 380-480V "50-60Hz 3ph  74A A
L] ™ o/ 0.480v 3ph 66/79A @0, Of Output phase
& Heavy Duty/
Designed in UK hrd oHS Normal Duty Rating
Made in U.K. ;& [H[ 3 ; Output current
Serial No: 3000005001 Ind. Cont.
L @ L:;s@:i E171230 )
Serial number Output
voltage Approvals

* This label is only applicable to Size 7 and above.
Refer to Figure 2-1 Model number on page 11 for further information relating to the labels.

Date code format

The date code consists of four numbers, the first two numbers indicate the year and the remaining two numbers indicate the week of the year in which
the drive was built.

Example:
A date code of 1714 would correspond to week 14 of the year 2017.
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2.7 Options

Figure 2-3 Options available with the drive

Drive NV Media Card | Onboard | Advanced uL

Optimization communication Operation PLC parameters Diagnostics information

Keypad

Option module slot 1

Option module slot 2

Option module slot 3

CT USB Comms cable

Internal braking resistor (available on size 3, 4 and 5)
NV media card

Noorwbdb=

* For further information, refer to Chapter 10 NV Media Card Operation on page 139.

Unidrive M option modules come in two different formats, a standard option module and a large option module. All standard option modules are color-
coded in order to make identification easy, whereas the larger option module is black. All modules have an identification label on top of the module.
Standard option modules can be installed to any of the available option slots on the drive, whereas the large option modules can only be installed to
option slot 3. The following tables shows the color-code key and gives further details on their function.

16 Unidrive M700 / M701 / M702 Control User Guide
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Table 2-2 Option module identification
Type Option Color Name Further Details
module
15-way D-type Drive encoder input converter
N/A y D-yp Provides screw terminal interface for encoder wiring and spade
converter . )
Feedback terminal for shield
Single ended Single ended encoder interface
N/A encoder interface Provides an interface for single ended ABZ encoder signals,
(15V or 24V) such as those from hall effect sensors. 15 V and 24 V versions are available
EIA 485 Comms Adaptor
- N/A KI-485 Adaptor EIA 485 Comms adaptor provides EIA 485 communication interface. This adaptor
supports 115 k Baud, node addresses between 1 to 16 and 8 1 NP M serial mode.
= Profibus option
Purple SI-PROFIBUS PROFIBUS adapter for communications with the drive
. . DeviceNet option
0 Medium Grey | SI-DeviceNet DeviceNet adapter for communications with the drive
. ) CANopen option
Fieldbus ‘/" Light Grey | SI-CANopen CANopen adapter for communications with the drive
External Ethernet module that supports EtherNet/IP, Modbus TCP/IP and
. RTMOoE. The module can be used to provide high speed drive access, global
Beige Sl-Ethernet - . . . . .
’;ﬁ connectivity and integration with IT network technologies, such as wireless
networking
PROFINET V2 option
e Yellow Green |SI-PROFINET V2 PROFINET V2 adapter for communications with the drive
Note: PROFINET V2 replaces PROFINET RT.
EtherCAT option
- Brown Red | SI-EtherCAT EtherCAT adapter for communications with the drive
Extended I/O
Increases the 1/0O capability by adding the following combinations:
. . » Digital I/O
Automation .| orange |si-I0 - Digital Inputs
(1/O expansion) | ~ ST 9 9 P . ) .
N * Analog Inputs (differential or single ended)
*  Analog Output
* Relays
Machine Control Studio Compatible Applications Processor
- Moss Green |MCi200 2nd processor for running pre-defined and/or customer created application
software.
. Machine Control Studio Compatible Applications Processor (with
Automation | s Moss Green |MCi210 Ethernet communications)
(Applications) —_‘_g 2nd processor for running pre-defined and/or customer created application
software with Ethernet communications.
SyPTPro Compatible Applications Processor (with CTNet)
— Black Sl-Applications Plus |2nd processor for running pre-defined and/or customer created application
software with CTNet support (can only be used on Slot 3).
- Light Brown |SI-Encoder Incremental encoder input interface module.
Feedback
i Additional combined encoder input and output interface supporting
0 Dark Brown | SI-Universal Encoder Incremental, SinCos, HIPERFACE, EnDAT and SSI encoders.
Safety Yellow SI-Safety Safety module that provides an intelligent, programmable solution to meet

the IEC 61800-5-2 functional safety standard

Unidrive M700 / M701 / M702 Control User Guide
Issue Number: 2




Safety
information

Product
information

Mechanical
installation

Electrical
installation

Getting
started

Basic
parameters

Running
the motor

Optimization

Drive
communication

NV Media Card
Operation

Onboard
PLC

Advanced
parameters

Diagnostics

uL
information

Table 2-3 Keypad identification

RTC

Remote Keypad with a LCD display and real time clock

Type Keypad Name Further Details
LCD keypad option
- Kl-Keypad Keypad with a LCD display
LCD keypad option
Kl-Keypad RTC Keypad with a LCD display and real time clock
Keypad - Remote-Keypad Remote LCD keypad option
(A ]

Remote-Keypad

Remote LCD keypad option
Remote Keypad with a LCD display

Table 2-4 Additional opti

ons

SMARTCARD

SMARTCARD
Used for parameter back-up with the drive

Type Option Name Further Details
00
= SD Card Adaptor
| 7 SD Card Adaptor Allows the drive to use an SD card for drive back-up
Back-up

18
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3 Mechanical installation

3.1 Installing / removing option modules and keypads

Power down the drive before installing / removing the option module. Failure to do so may result in damage to the product.

Figure 3-1 Installation of a standard option module

Installing the first option module
Option module slots must be used in the following order: slot 3, slot 2 and slot 1 (refer to section 2.7 Options on page 16 for slot numbers).

*  Move the option module in direction shown (1).
» Align and insert the option module tab in to the slot provided (2), this is highlighted in the detailed view (A).
* Press down on the option module until it clicks into place.

Installing the second option module

*  Move the option module in direction shown (3).

« Align and insert the option module tab in to the slot provided on the already installed option module (4), this is highlighted in the detailed view (B).
»  Press down on the option module until it clicks into place. Image (5) shows two option modules fully installed.

Installing the third option module

* Repeat the above process.
The drive has the facility for all three option module slots to be used at the same time, image (6) shows the three option modules installed.

Unidrive M700 / M701 / M702 Control User Guide 19
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Figure 3-2 Removal of a standard option module

* Press down on the tab (1) to release the option module from the drive housing, the tab is highlighted in the detailed view (A).
» Tilt the option module towards you as shown (2).
« Totally remove the option module in direction shown (3).

Figure 3-3 Installation and removal of a large option module

Installing a large option module

*  Move the option module in direction shown (1).
« Align and insert the option module tabs (A) into the slot provided (B).
* Press down on the option module until it clicks into place.

Removing a large option module
* Press down on the tab (2C), tilt the option module towards you and remove.

NOTE

The large option module can only be inserted into slot 3. Additional standard option modules can still be installed and used in slot 2 and slot 1.
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Figure 3-4 Installation and removal of the KI-Keypad

To install, align the keypad and press gently in the direction shown until it clicks into position.

To remove, reverse the installation instructions.

NOTE

The keypad can be installed / removed while the drive is powered up and running a motor, providing that the drive is not operating in keypad mode.

3.2 Real time clock battery replacement

Those keypads which have the real time clock feature contain a battery to ensure the clock works when the drive is powered down. The battery has a

long life time but if the battery needs to be replaced or removed, follow the instructions below.

Low battery voltage is indicated by D low battery symbol on the keypad display.

Figure 3-5 KI-Keypad RTC (rear view)

Figure 3-5 above illustrates the rear view of the KI-Keypad RTC.

1. To remove the battery cover insert a flat head screwdriver into the slot as shown (1), push and turn anti-clockwise until the battery cover is

released.
2. Replace the battery (the battery type is: CR2032).
3. Reverse point 1 above to replace battery cover.

Ensure the battery is disposed of correctly.
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4 Electrical installation
4.1 24 Vdc supply

The 24 Vdc supply connected to control terminals 1 & 2 provides the
following functions:

* It can be used to supplement the drive's own internal 24 V supply
when multiple option modules are being used and the current drawn
by these module is greater than the drive can supply.

* It can be used as a back-up power supply to keep the control circuits
of the drive powered up when the line power supply is removed. This
allows any fieldbus modules, application modules, encoders or serial
communications to continue to operate.

* Itcan be used to commission the drive when the line power supply is
not available, as the display operates correctly. However, the drive
will be in the Under voltage trip state unless either line power supply
or low voltage DC operation is enabled, therefore diagnostics may
not be possible. (Power down save parameters are not saved when
using the 24 V back-up power supply input).

« If the DC bus voltage is too low to run the main SMPS in the drive,
then the 24 V supply can be used to supply all the low voltage power
requirements of the drive. Low Under Voltage Threshold Select
(06.067) must also be enabled for this to happen.

NOTE

On size 6 and larger, the power 24 VVdc supply (terminals 51, 52) must
be connected to enable the 24 V dc supply to be used as a backup
supply, when the line power supply is removed. If the power 24 VVdc
supply is not connected none of the above mentioned functions can be
used, "Waiting For Power Systems" will be displayed on the keypad and
no drive operations are possible. The location of the power 24 Vdc can
be identified from Figure 4-1 Location of the 24 Vdc power supply
connection on size 6 on page 22.

Table 4-1 24 Vdc Supply connections
Function Sizes 3-5 Sizes 6-11
Supplement the drive’s Terminal 1, 2 Terminal 1, 2
internal supply
Back-up supply for the ) Terminal 1, 2
control circuit Terminal 1, 2 51, 52

The working voltage range of the control 24 V power supply is as
follows:

0V (Common connection for all external devices)

+24 Vdc

The working range of the 24 V power supply is as follows:

0V (Common connection for all external devices)

+24 Vdc
Size 6
Nominal operating voltage 24.0 Vdc
Minimum continuous operating voltage 18.6 Vdc
Maximum continuous operating voltage 28.0 Vdc
Minimum startup voltage 18.4 Vdc
Maximum power supply requirement 40W
Recommended fuse 4 A@ 50 Vdc
[Size 7 to 11
Nominal operating voltage 24.0 Vdc
Minimum continuous operating voltage 19.2 Vdc
Maximum continuous operating voltage 30 Vde (IEC),

26 Vdc (UL)

Minimum startup voltage 21.6 Vdc
Maximum power supply requirement 60 W
Recommended fuse 4 A @ 50Vdc

Figure 4-1 Location of the 24 Vdc power supply connection on

size 6

Nominal operating voltage 24.0 Vdc
Minimum continuous operating voltage 19.2V
Maximum continuous operating voltage 28.0V
Minimum start up voltage 216V
Maximum power supply requirement at 24 V 40w
Recommended fuse 3 A, 50 Vdc

Minimum and maximum voltage values include ripple and noise. Ripple
and noise values must not exceed 5 %.

1. 24 Vdc power supply connection

22
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size 7

Figure 4-3 Location of the 24 Vdc power supply connection on
size 8 to 11
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Figure 4-2 Location of the 24 Vdc power supply connection on 4.2 Communication connections

The Unidrive M700 / M702 drive offers Ethernet fieldbus
communications and the Unidrive M701 drive offers a 2 wire EIA 485
interface. This enables the drive set-up, operation and monitoring to be
carried out with a PC or controller if required.

Care must be taken to ensure the correct interface is fitted before a
connection is made to the interface, failure to ensure this may result in
damage to the interface and/or communication device.

Both the Ethernet and EIA 485 interfaces use an RJ45 connector, the
EIA 485 interface is identified by the number “485” printed on the front
panel, and the Ethernet interface has the network logo.

Figure 4-4 Location of the comms connectors

4.21 Unidrive M700 / M702 Ethernet fieldbus
communications
The Ethernet option provides two RJ45 connections with an Ethernet

switch for easy network creation.

Standard UTP (unshielded twisted pair) or STP (shielded twisted pair)
cables are supported. It is recommended that a minimum specification
CAT5e is used in new installations. As the drive supports the ‘Auto
cross-over detection’ a cross-over cable is not required.

The shell of the RJ45 connector is isolated from the OV of the drive
control terminals but it is connected to ground.

Table 4-2 Ethernet port pin-outs

Description

Transmit +

Transmit -

Receive +

N/A

Receive -

1
2
3
4 N/A
5
6
7

N/A

8 N/A

4.2.2 Unidrive M701 EIA 485 serial communications
The EIA 485 interface provides two parallel RJ45 connectors allowing
easy daisy chaining. The drive only supports Modbus RTU protocol. See
Table 4-3 for the connection details.
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4.3 Control connections
Standard Ethernet cables are not recommended for use when I .
4.3.1  Unidrive M700 / M701 control connections

connecting drives on a EIA 485 network as they do not have the correct
twisted pairs for the pinout of the serial comms port.

Table 4-5 The control connections consist of:

If an Ethernet network adaptor is inadvertently connected to Function aty Control parameters Terminal
a Unidrive-M701 EIA 485 drive, a low impedance load across available number
the EIA 485 24 V is applied and if connected for a significant Differential analog input | 1 | Mode, offset, invert, scaling 56
period of time can introduce the potential risk of damage. .Single ended analog 9 Mod_e, offset, invert, scaling, 7.8
input destination
Table 4-3 Serial communication port pin-outs Analog output 2 | Source, scaling 9,10
Pin Function Digital input 3 | Destination, invert 27,28, 29
1 120 Q Termination resistor o Input / output mode select,
Digital input / output 3 | destination / source, invert, 24,25, 26
2 RXTX logic select
3 Isolated OV Relay 1 | Source, invert 41,42
4 +24 V (100 mA) output Drive enable (Safe ] 31
5 Isolated OV Torque Off)
6 TX enable +10 V User output 1 4
7 RX\ TX\ +24 V User output 1 | Source, invert 22
8 RX\ TX\ (if termination resistors are required, link to pin 1) 1,3,11,21,
Shell | Isolated OV OV common 6 23, 30, 51
(size 6 and
Minimum number of connections are 2, 3, 7 and shield. larger)
4.2.3  Unidrive M701 Isolation of the EIA 485 serial +24V Externalinput | 1| Destination, invert 2
communications port Key:

The serial communications port is double insulated and meets the
requirements for SELV in EN 50178:1998.

Indicates the parameter which is being controlled

Destination parameter: by the terminal / function

In order to meet the requirements for SELV in IEC60950
(IT equipment) it is necessary for the control computer to be
grounded. Alternatively, when a lap-top or similar device is
used which has no provision for grounding, an isolation
KV device must be incorporated in the communications lead.

Indicates the parameter being output by the

Source parameter: .
terminal

An isolated serial communications lead has been designed to connect
the drive to IT equipment (such as laptop computers), and is available
from the supplier of the drive. See below for details:

Table 4-4 Isolated serial comms lead details

Analog - indicates the mode of operation of the
terminal, i.e. voltage 0-10V, current 4-20 mA etc.
Digital - indicates the mode of operation of the

terminal, i.e. positive / negative logic (the Drive
Enable terminal is fixed in positive logic), open

collector.

Mode parameter:

Part number Description

4500-0096 CT USB Comms cable

The “isolated serial communications” lead has reinforced insulation as
defined in IEC60950 for altitudes up to 3,000 m.

4.2.4 Communication networks and cabling

Any isolated signal circuit has the capability to become live through
accidental contact with other conductors; as such they should always be
double-insulated from live parts. The routing of network and signal wires
should be done so as to avoid close proximity to mains voltage cabling.

4.2.5 Unidrive M701 EIA 485 Port polarization
(biasing)

The Unidrive M701 EIA 485 serial communications port requires

polarization (biasing) of the data lines.

The Modbus standard specifies that to prevent spurious triggering when
there is no data being transmitted, the data lines are polarized (biased)
with pull-apart resistors, one resistor from the RJ45 pin 2 connection (RX
TX) to +V and the other resistor from the RJ45 pin 7 connection (/RX/
TX) to OV. These resistors should be in the range 450 to 650 Ohms and
fitted in the master controller.

4.2.6 Unidrive M701 EIA 485 Network termination
When a long-distance multi-drop EIA 485 system is used with high baud
rates (above 38400) it may be necessary to fit a termination resistor of
120 Q across the transmit and receive pair in order to reduce signal
reflections.

All analog terminal functions can be programmed in menu 7.

All digital terminal functions (including the relay) can be programmed in
menu 8.

The control circuits are isolated from the power circuits in the
drive by basic insulation (single insulation) only. The installer
must ensure that the external control circuits are insulated
from human contact by at least one layer of insulation

KIS (supplementary insulation) rated for use at the AC supply
voltage.

If the control circuits are to be connected to other circuits
classified as Safety Extra Low Voltage (SELV) (e.g. to a
personal computer), an additional isolating barrier must be
included in order to maintain the SELV classification.

If any of the digital inputs (including the drive enable input)
are connected in parallel with an inductive load (i.e.
contactor or motor brake) then suitable suppression (i.e.
diode or varistor) should be used on the coil of the load. If no
suppression is used then over voltage spikes can cause
damage to the digital inputs and outputs on the drive.

CAUTION

Ensure the logic sense is correct for the control circuit to be
used. Incorrect logic sense could cause the motor to be
started unexpectedly.

Positive logic is the default state for the drive.

> >0

CAUTION

24

Unidrive M700 / M701 / M702 Control User Guide
Issue Number: 2



Safety Product Mechanical Electrical Getting Basic Running
information information installation installation started parameters the motor

NV Media Card
Operation

Drive
communication

Onboard
PLC

Advanced UL

Optimization Diagnostics | . .
parameters information

NOTE

Any signal cables which are carried inside the motor cable (i.e. motor
thermistor, motor brake) will pick up large pulse currents via the cable
capacitance. The shield of these signal cables must be connected to
ground close to the point of exit of the motor cable, to avoid this noise
current spreading through the control system.

NOTE

The Safe Torque Off drive enable terminal is a positive logic input only. It
is not affected by the setting of Input Logic Polarity (08.029).

NOTE

The common 0V from analog signals should, wherever possible, not be
connected to the same 0V terminal as the common 0V from digital
signals. Terminals 3 and 11 should be used for connecting the OV
common of analog signals and terminals 21, 23 and 30 for digital
signals. This is to prevent small voltage drops in the terminal
connections causing inaccuracies in the analog signals.

NOTE

A two wire motor thermistor can be connected to analog input 3 by
connecting the thermistor between terminal 8 and any 0V common
terminal. It is possible to connect a 4-wire thermistor to analog input 3 as
shown below. Pr 07.015 and Pr 07.046 need to be set-up for the
thermistor type required.

Figure 4-5 Connection for PT100, PT1000 and PT2000 thermistors

@B» Analog Input 1+

@& Analog Input 3

(ol ov

[©J&> Analog Input 1-

Figure 4-6 Default terminal functions

Polarized
connectors

== [
- s
21 31
0V common** NEZ
External 24V supply Q2 v
Analog frequency/speed
reference 1
0V common
3
Connections for r--- §=
single-ended input I> ” I) | Sls »
signal " NES
0V common
—N O
Connections for i NES
differential input signal E) S
0 >

@
[+
A

Analog
frequency/speed
reference 2

@)
]
v

Analog input 3

A SNER
Speed / frequency (\ ” Slio]«
Torque (active ('1\) U U
t
current) __ ®

0V common

0V common

+24V
Ol 22]«

0V common -
——— (Sl

At zero speed

Shfe Torque Off
Drive enable*

Drive OK

Reset — @ >

Run forward —.—/>

Run reverse ¢——- @ >
Analog input 1/} _= Analog input 1

input 2 select Analog Ut 2 @ >

Jog forward select NES

0V common @ >

—~

41|14 Relay
S 42|4 (Over voltage

category II)

*The Safe Torque Off / Drive enable terminal is a positive logic input only.

NOTE

The 0V terminals on the Safe Torque Off are not isolated from each
other and the 0V common.
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4.3.2 Unidrive M700 / M701 control terminal
specification Precision reference Analog input 1
Non-inverting input
- 0V common
Function Common connection for all external Inverting input
devices Default function Frequency/speed reference
. Bipolar differential analog voltage or
24V oxt T " Type of input current, thermistor input
+
n externalinput Mode controlied by: Pr 07.007
To Supply the control circuit 0perating in Vo|tage mode
Function without providing a supply to the Full scale voltage range 0V %
power stage Maximum offset +10 mV

Programmability

Can be used as digital input when using an
external 24 V supply

Sample / update 2ms

Nominal voltage +24.0 Vdc

Minimum continuous operating +19.2 Vdo

voltage

Maximum continuous operating +28.0 Vdc

voltage

Minimum start-up voltage 21.6 Vdc
Recommended power supply 40 W 24 Vdc nominal
Recommended fuse 3 A, 50 Vdc

n 0V common

Absolute maximum
voltage range

+36 V relative to OV

Working common mode voltage
range

+13 V relative to 0V

Input resistance

>100 kQ

Monotonic Yes (including 0V)
Dead band None (including 0V)
Jumps None (including 0V)
Maximum offset 20 mV

Maximum non linearity 0.3% of input
Maximum gain asymmetry 0.5 %

Input filter bandwidth single pole ~3 kHz

Operating in current mode

Function

Common connection for all external
devices

Current ranges

0 to 20 mA 15 %, 20 to 0 mA 5 %,
41020 mA £5 %, 20 to 4 mA £5 %

+10V user output

Maximum offset

250 pA

Absolute maximum voltage
(reverse biased)

+36 V relative to 0V

Function Supply for external analog devices Equivalent input resistance <300 Q
Voltage 10.2 V nominal Absolute maximum current +30 mA
Voltage tolerance +1 % Operating in thermistor input mode (in conjunction with analog input 3), refer to
Nominal output current 10 mA Pr 07.046 and Figure 4-5 for further details.
Protection Current limit and trip @ 30 mA Trip threshold resistance User defined in Pr 07.048
Short-circuit detection resistance 50 Q #40 %

Common to all modes

Resolution

12 bits (11 bits plus sign)

Sample / update period

250 ps with destinations Pr 01.036,

Pr 01.037, Pr 03.022 or Pr 04.008 in RFC-A
and RFC-S modes. 4 ms for open loop
mode and all other destinations in RFC-A or
RFC-S modes.
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Analog input 2

Default function

Frequency / speed reference

Type of input

Bipolar single-ended analog voltage or
unipolar current

Analog output 1

Analog output 2

Terminal 9 default function

OL> Motor FREQUENCY output
signal

Current ranges

4 t0 20 mA 5 %, 20 to 4 mA £5 %

Maximum offset

250 LA

Absolute maximum voltage
(reverse bias)

+36 V relative to OV

Absolute maximum current

+30 mA

Equivalent input resistance

<300 Q

Common to all modes

Resolution

12 bits (11 bits plus sign)

Sample / update

250 ps with destinations Pr 01.036,

Pr 01.037 or Pr 03.022, Pr 04.008 in RFC-A
or RFC-S. 4ms for open loop mode and all
other destinations in RFC-A or RFC-S
mode.

n Analog input 3

Default function

Voltage input

Type of input

Bipolar single-ended analog voltage, or
thermistor input

Mode controlled by... Pr 07.011 RFC> SPEED output signal
Operating in voltage mode Terminal 10 default function | Motor active current
Full scale voltage range t10V£2% Type of output Bipolar single-ended analog voltage
Maximum offset 10 mv Operating in Voltage mode
Absolute maximum voltage range | 36 V relative to OV Voltage range +10V 5 %
Input resistance 2100k Q Maximum offset +120 mV
Operating in current mode Maximum output current +20 mA
0 to 20 mA 15 %, 20 to 0 mA £5 %, Load resistance 21kQ

Protection

20 mA max. Short circuit protection

Resolution

10-bit

Sample / update period

250 ps (output will only change at update
the rate of the source parameter if slower)

n 0V common

Common connection for all external

Function .
devices
n 0V common
. Common connection for all external
Function i
devices

n +24 V user output (selectable)

Terminal 22 default function

+24 V user output

Mode controlled by...

Pr 07.015

Operating in Voltage mode (d

efault)

Programmability

Can be switched on or off to act as a fourth
digital output (positive logic only) by setting
the source Pr 08.028 and source invert

Operating in thermistor input

mode

Supported thermistor types

Din 44082, KTY 84, PT100, PT 1000,
PT 2000, 2.0 mA

Trip threshold resistance

User defined in Pr 07.048

Reset resistance

User defined in Pr 07.049

Short-circuit detection resistance

50 Q +40 %

Common to all modes

Resolution

12 bits (11 bits plus sign)

Sample / update period

4 ms

Voltage range 10V +2 % Pr08.018
Maximum offset +10 mV Nominal output current 100 mA combined with DIO3
Absolute maximum voltage range | £36 V relative to OV Maxi 100 mA
aximum output current . . -
Input resistance 100k Q 200 mA (total including all Digital 1/0)

Protection

Current limit and trip

Sample / update period

2 ms when configured as an output (output
will only change at the update rate of the
source parameter if slower)

0V common

Function

Common connection for all external
devices
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Refer to section 4.5 Safe Torque Off (STO) on page 37 for further
Digital 1/0 1 information.
Digital 1/0 2 . .
9 / Safe Torque Off function (drive enable)

Digital 1/0 3 Type Positive logic only digital input

Terminal 24 default function | AT ZERO SPEED output Voltage range OVto+24V
. N . Absolute maximum applied

Terminal 25 default function | DRIVE RESET input voltage PP 30V
Terminal 26 default function | RUN FORWARD input Logic Threshold 10Vi5V
Type Positive or negative logic digital inputs, Low state maximum voltage for 5V

positive logic voltage source outputs

Input / output mode controlled by...

Pr 08.031, Pr 08.032 and Pr 08.033

Operating as an input

Logic mode controlled by...

Pr 08.029

Absolute maximum applied
voltage range

-3Vto+30V

Impedance

>2mA @15 V (IEC 61131-2, type 1,
6.6 k Q)

Input thresholds

10 V 20.8 V (IEC 61131-2, type 1)

Operating as an output

Nominal maximum output current

100 mA (DIO1 & 2 combined)
100 mA (DIO3 & 24 V User Output
Combined)

Maximum output current

100 mA
200 mA (total including all Digital 1/0)

Common to all modes

Voltage range

0V to +24 V

Sample / Update period

2 ms (output will only change at the
update rate of the source parameter)

VY@l Digital Input 4
i3l Digital Input 5
Terminal 27 default RUN REVERSE input
function
Terminal 28 default Analog INPUT 1/ INPUT 2 select
function
Type Negative or positive logic digital inputs

Logic mode controlled by...

Pr 08.029

disable to SIL3 and PL e

Impedance

>4 mA @15 V (IEC 61131-2, type 1,
3.3kQ)

Low state maximum current for
disable to SIL3 and PL e

0.5 mA

Response time

Nominal: 8 ms
Maximum: 20 ms

for enabling the drive.

The Safe Torque Off function may be used in a safety-related application in
preventing the drive from generating torque in the motor to a high level of
integrity. The system designer is responsible for ensuring that the complete
system is safe and designed correctly according to the relevant safety
standards. If the Safe Torque Off function is not required, this terminal is used

Relay contacts

Default function

Drive OK indicator

Contact voltage rating

240 Vac, Installation over-voltage
category Il

Contact maximum current rating

2AAC240V
4 ADC 30V resistive load
0.5 ADC 30 V inductive load (L/R = 40 ms)

Contact minimum recommended
rating

12V 100 mA

Contact type

Normally open

Default contact condition

Closed when power applied and drive OK

Update period

4 ms

0V (Common connection for all external devices)

+24 Vdc

Impedance

>2mA @15 V (IEC 61131-2, type 1,
6.6k Q)

Voltage rangel ' 0V to +24 V Size 6
cgf:étg?args:mum applied -3Vt +30V Nominal operating voltage 24.0 Vdc
Impedance >2mA @15 V (IEC 61131-2, type 1, 6.6 k Q) Minimum continuous operating voltage 18.6 Vdc
Input thresholds 10V +0.8 V (IEC 61131-2, type 1) Maximum continuous operating voltage 28.0 vdc
250 ps when configured as an input with Minimum startup voltage 18.4 Vdc
. destinations Pr 06.035 or Pr 06.036. 600 ps - -
Sample / Update period when configured as an input with destination Maximum power supply requirement 40 W
Pr 06.029. 2 ms in all other cases. Recommended fuse 4 A @ 50 Vdc
Size 7 to 11
Digital Input 6 Nominal operating voltage 24.0 Vdc
. - - Minimum continuous operating voltage 19.2 Vdc
Terminal 29 default function | JOG SELECT input 30 Vdc (IEC)
Type Negative or positive logic digital inputs Maximum continuous operating voltage ’
h 26 Vdc (UL)
Logic mode controlled by... Pr 08.029 Vi o i 516 Vd
Voltage range 0Vto+24 V Inlmum startup voltage _ : c
b - - Maximum power supply requirement 60 W
solute maximum applied 3Vio+30V
voltage range Recommended fuse 4 A @ 50Vdc

Input thresholds

10V 0.8 V (IEC 61131-2, type 1)

Sample / Update period

2ms

0V common

Function

Common connection for all external
devices

relay circuit.

To prevent the risk of a fire hazard in the event of a fault, a
fuse or other over-current protection must be installed in the
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4.3.3 Unidrive M702 control connections Figure 4-7 Default terminal functions
Table 4-6 The control connections consist of:
Function aty Control p_arameters Terminal
available number
.Smglf ended analog 1 | Mode, destination 8
input
Digital input* 2 Destination, invert, logic 7.8
select
Digital output 2 | source, invert 4,5
Relay Source, invert 41,42
Drive enable 41 42
—
(oo Tore o) | ? = [ssooscsscesco [oo
+24 V User output 1 | Source, invert 2 1 13
1,3, 6,
0V common 5 10, 12
+24 V External input 1 | Destination, invert 9 0V common @.
——0/ commen 7]

* From date code 1710, control terminal 8 on the Unidrive M702 can be a
dual-purpose input which can be configured as either a motor thermistor
input (Analog Input 3) or a digital input (Digital Input 5).

Key:

Indicates the parameter which is being controlled

Destination parameter: by the terminal / function

Indicates the parameter being output by the

Source parameter: )
terminal

Analog - indicates the mode of operation of the
thermistor protection (disabled, temperature,
temperature and short).

Mode parameter:

All digital terminal functions (including the relay) can be programmed in
menu 8.

The control circuits are isolated from the power circuits in the
drive by basic insulation (single insulation) only. The installer
must ensure that the external control circuits are insulated
from human contact by at least one layer of insulation

(supplementary insulation) rated for use at the AC supply
voltage.

If the control circuits are to be connected to other circuits
classified as Safety Extra Low Voltage (SELV) (e.g. to a
personal computer), an additional isolating barrier must be
included in order to maintain the SELV classification.

If any of the digital inputs (including the drive enable input)
are connected in parallel with an inductive load (i.e.
contactor or motor brake) then suitable suppression (i.e.
diode or varistor) should be used on the coil of the load. If no
suppression is used then over voltage spikes can cause
damage to the digital inputs and outputs on the drive.

&

CAUTION

Ensure the logic sense is correct for the control circuit to be
used. Incorrect logic sense could cause the motor to be

started unexpectedly.

Positive logic is the default state for the drive.

NOTE

Any signal cables which are carried inside the motor cable (i.e. motor
thermistor, motor brake) will pick up large pulse currents via the cable
capacitance. The shield of these signal cables must be connected to
ground close to the point of exit of the motor cable, to avoid this noise
current spreading through the control system.

+24 V user output
NE

0 V. common -
Digital Output 1 -<

Digital Qutput 2 - <
0 V common @n
Sl7»
[ ——— =k
+24 V external input ->
0V common
— 0 commn (577
Safe Torque Off @.
nput 1+ [ —~————— IS
0 V. common
— 0 commen (577
Safe Torque Off @.
Input 2* P

Run forward

Run reverse

Drive OK

Ol41|4Relay
] 424 (Over voltage
category Il)

*The Safe Torque Off / Drive enable terminal is a positive logic input only.
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4.3.4 Unidrive M702 control terminal specification

- 0V common

Function

Common connection for all external
devices

+24 V user output (selectable)

Terminal 2 default function

+24 V user output

Programmability

Can be switched on or off to act as a fourth
digital output (positive logic only) by setting
the source Pr 08.028 and source invert

Pr 08.018

Nominal output current

100 mA

Maximum output current

100 mA
200 mA (total including all Digital 1/0)

Protection

Current limit and trip

Sample / update period

2 ms when configured as an output (output
will only change at the update rate of the
source parameter if slower)

“ 0V common

Function

Common connection for all external
devices

Digital Output 1

Digital Output 2

Terminal 4 default function

AT ZERO SPEED output

Terminal 5 default function

Type

Positive logic voltage source outputs

Operating as an output

Nominal maximum output current

100 mA (DO1 & 2 combined)

Maximum output current

100 mA
200 mA (total including all Digital 1/0)

Terminal 8, by default, is set as a digital input (RUN REVERSE) but can
be configured to be a motor protection thermistor input by changing
Analog Input 3 Mode (07.015) from Disable (10) to either Therm Short

Cct (7) or Thermistor (8).

Analog Input 3

Function

Thermistor input

Supported thermistor types

DIN44082, KTY84, PT100 (2W),
PT1000 (2W), PT2000 (2W)

Trip threshold resistance

User defined in Pr 07.048

Reset resistance

User defined in Pr 07.049

Short-circuit detection resistance 50 Q +40 %
Resolution 12 bits (11 bits plus sign)
Sample / update period 4 ms

The thermistor is connected between terminal 8 and any OV common

terminal.

Figure 4-8 Motor thermistor connection

Analog Input 3

M commaon

Common to all modes

Voltage range

0V to +24 V

Sample / Update period

2 ms (output will only change at the update
rate of the source parameter

n 0V common

“ +24 V external input

Function

To supply the control circuit
without providing a supply to the
power stage

Programmability

Can be used as a digital input when using
an external 24 Vdc

Function Common connection for all external Sample / Update period 2 ms
devices Nominal voltage +24.0 Vdc
Minimum continuous operating +19.2 Vdc
voltage
YAl Digital Input 4 n ; i
[¢] P Maximum continuous operating +98.0 Vdc
Bl Digital Input 5 voltage
9 Minimum start-up voltage 21.6 Vdc
Terminal 7 default function | RUN FORWARD input Recommended power supply 40 W 24 Vdc nominal
Terminal 8 default function | RUN REVERSE input Recommended fuse 3 A, 50 Vdc

Sample / Update period

when configured as an input with destination

Pr 06.029. 2 ms in all other cases.

From date code 1710, control terminal 8 on the Unidrive M702 can be a
dual purpose input which can be configured as either a motor thermistor
input (Analog Input 3) or a digital input (Digital Input 5).

Type Positive logic only digital inputs
Logic mode controlled by... Pr 08.029 n 0V common
Voltage range 0V to +24 V -
- - . Common connection for all external
Absolute maximum applied 3V io +30 V Function devi
voltage range evices
Impedance >2mA @15V (IEC 61131-2, type 1, 6.6 k Q)
Input thresholds 10 V £0.8 V (IEC 61131-2, type 1) n 0V common
250 pys when configured as an input with -
destinations Pr 06.035 or Pr 06.036. 600 pis Function Common connection for all external

devices
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44 Position feedback connections

Safe Torque Off function input 1 (drive enable)

Safe Torque Off function input 2 (drive enable)

disable to SIL3 and PL e

Type Positive logic only digital input
Voltage range 0V to +24 V

cct))ltssgl;éte maximum applied 30V

Logic Threshold 10Vt5V

Low state maximum voltage for 5V

Impedance

>4 mA @15V (IEC 61131-2, type 1,3.3 k
Q)

Low state maximum current for
disable to SIL3 and PL e

0.5 mA

Response time

Nominal: 8 ms
Maximum: 20 ms

used for enabling the drive.

The Safe Torque Off function may be used in a safety-related application in
preventing the drive from generating torque in the motor to a high level of
integrity. The system designer is responsible for ensuring that the complete
system is safe and designed correctly according to the relevant safety
standards. If the Safe Torque Off function is not required, these terminals are

Refer to section 4.5 Safe Torque Off (STO) on page 37 for further infor-

mation.

Relay contacts

Default function

Drive OK indicator

Contact voltage rating

240 Vac, Installation over-voltage
category Il

Contact maximum current rating

2AAC240V
4 ADC 30V resistive load
0.5 ADC 30 V inductive load (L/R = 40 ms)

Contact minimum recommended
rating

12V 100 mA

Contact type

Normally open

Default contact condition

Closed when power applied and drive OK

Update period

4 ms

0V (Common connection for all external devices)

+24 Vdc
Size 6
Nominal operating voltage 24.0 Vdc
Minimum continuous operating voltage 18.6 Vdc
Maximum continuous operating voltage 28.0 Vdc
Minimum startup voltage 18.4 Vdc
Maximum power supply requirement 40 W
Recommended fuse 4 A @ 50Vdc
[Size 7 to 11
Nominal operating voltage 24.0 Vdc
Minimum continuous operating voltage 19.2 Vdc
Maximum continuous operating voltage 30 Vdc (IEC),

26 Vdc (UL)

Minimum startup voltage 21.6 Vdc
Maximum power supply requirement 60 W
Recommended fuse 4 A @ 50Vdc

relay circuit.

To prevent the risk of a fire hazard in the event of a fault, a
fuse or other over-current protection must be installed in the

The following functions are provided via the 15-way high density D-type
connector on the drive:

* Two position feedback interfaces (P1 and P2).
*  One encoder simulation output.

»  Two freeze trigger inputs (marker inputs).

*  One thermistor input.

The P1 position interface is always available but the availability of the P2
position interface and the encoder simulation output depends on the
position feedback device used on the P1 position interface, as shown in
Table 4-9.

4.41

Figure 4-9 Location of the position feedback

Location of position feedback connector

5 1
10 6
15 1

Drive encoder connector
Female 15-way D-type
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Compatible position feedback devices

Table 4-7 Supported feedback devices on the P1 position

interface

Encoder type

Pr 3.038 setting

Quadrature incremental encoders with or without
marker pulse

AB (0)

Quadrature incremental encoders with UVW
commutation signals for absolute position for
permanent magnet motors with or without marker
pulse

AB Servo (3)

Forward / reverse incremental encoders with or
without marker pulse

FR (2)

Forward / reverse incremental encoders with UVW
commutation signals for absolute position for
permanent magnet motors with or without marker
pulse

FR Servo (5)

Frequency and direction incremental encoders
with or without marker pulse

FD (1)

Frequency and direction incremental encoders
with UVW commutation signals for absolute
position for permanent magnet motors with or
without marker pulse

FD Servo (4)

Sincos incremental encoders

SC (6)

Sincos incremental with commutation signals

SC Servo (12)

Heidenhain sincos encoders with EnDat comms
for absolute position

SC EnDat (9)

Stegmann sincos encoders with Hiperface comms
for absolute position

SC Hiperface (7)

Sincos encoders with SSI comms for absolute

- SC SSI (11)
position
Sincos encocligrs with BiSS (type C) comms for SC BiSS (17)
absolute position
$|ncos |'ncrementa.| W|th absolute position from SC SC (15)
single sin and cosine signals
SSI encoders (Gray code or binary) SSI (10)
EnDat communication only encoders EnDat (8)
BiSS (type C) communication only encoders BiSS (13)
Resolver Resolver (14)

UVW commutation only encoders*

Commutation only
(16)

* This feedback device provides very low resolution feedback and should
not be used for applications requiring a high level of performance

Table 4-8 Supported feedback devices on the P2 position

interface
Pr3.138
Encoder type setting
Quadrature incremental encoders with or without
AB (1)
marker pulse
Frequency and direction incremental encoders with or
) FD (2)
without marker pulse
Forward / reverse incremental encoders with or
. FR (3)
without marker pulse
EnDat communication only encoders EnDat (4)
SSI encoders (Gray code or binary) SSI (5)
BiSS communication only encoders BiSS (6)

Table 4-9 shows the possible combinations of position feedback device
types connected to the P1 and P2 position interfaces and the availability

of the encoder simulation output.

Table 4-9 Availability of the P2 position feedback interface and
the encoder simulation output

Functions
P1 Position P2 Position feedback Encoder
feedback interface interface Simulation Output
AB Servo
FD Servo
FR Servo
SC Servo None None
SCsC
Commutation only
?g AB, FD, FR None
EnDat, BiSS, SSI
FR
SC
Resolver None Full
SC Hiperface
AB, FD, FR
No Z marker pulse input
( ‘ pulse |T1pu ) -
SC EnDat EnDat, BiSS, SSI (with
SC SSI freeze input)
None No Z marker pulse
output
AB, FD, FR
EnDat, BiSS, SSI (with None
EnDat freeze input)
BISS None Full
SSli
EnDat, BiSS, SSI No Z marker pulse
output

The priority of the position feedback interfaces and the encoder
simulation output on the 15-way D-type is assigned in the following order
from the highest priority to the lowest.

* P1 position interface (highest)
* Encoder simulation output
» P2 position interface (lowest)

For example, if an AB Servo type position feedback device is selected
for use on the P1 position interface, then both the encoder simulation
output and the P2 position interface will not be available as this device
uses all connections of the 15-way D-type connector. Also, if an AB type
position feedback device is selected for use on the P1 position interface
and Pr 03.085 is set to a valid source for the encoder simulation output,
then the P2 position interface will not be available.

Depending on the device type used on the P1 position interface, the
encoder simulation output may not be able support a marker pulse
output (e.g. SC EnDat or SC SSI device types). Pr 03.086 shows the
status of the encoder simulation output indicating whether the output is
disabled, no marker pulse is available or full encoder simulation is
available.

NOTE

When using the P1 and P2 position interfaces and the encoder
simulation output together, the P2 position interface uses alternative
connections on the 15-way D-type connector. Pr 03.172 shows the
status of the P2 position interface and indicates if alternative
connections are being used for the P2 position interface.
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4.4.3 Position feedback connection details
Table 4-10 P1 Position feedback connection details
P1 Position Connections
feedback
interface 1 2 3 4 5 6 7 8 9 | 10 11 12 13 | 14 | 15
Pr 03.038
AB (0) A A\ B B\ Z 2\
FD (1) F F\ D D\ z 2\
FR (2) F F\ R R\ Z YA
AB Servo (3) A A\ B B\ z 2\ U\ W\ w WA
FD Servo (4) F F\ D D\ z 2\ U\ W\ w WA
FR Servo (5) F F\ R R\ V4 VA U\ W\ W WA
A A\ B B\
SC6) (Cos) | (Cosy | (sin) | (siny| % 2\
SC Hiperface (7) Cos Cosref Sin Sinref | DATA DATA\
EnDat (8) DATA | DATA\ CLK CLK\ | Freeze | Freeze\
SC EnDat (9) A A\ B B\ | DATA | DATA\ CLK CLk\ | ¥V [ OV | Th
SSI (10) DATA | DATA\ CLK CLK\ | Freeze | Freeze\
A A\ B B\
SC SSI (11) (Cos) (Cos\) (Sin) (Sin) DATA DATA\ CLK CLK\
A A\ B B\
SC Servo (12) (Cos) | (Cos\) sin) | (sinY) 4 2\ U U\ \Y W\ w WA
BiSS (13) DATA | DATA\ CLK CLK\ | Freeze | Freeze\
Resolver (14) CosH | CoslL SinH | SinL | RefH RefL
A A\ B B\ *1 *1 *2 *2
SC SC (15) (Cos) (Cos) (Sin) (SinY) A Z\ C C\ D D\ Freeze2 | Freeze2\
Commutation
Only (16) U U\ Vv WA w WA
SC BiSS (17) A A\ B B\ DATA DATA\ CLK CLK\
*1 - One cosine wave per revolution
*2 - One sine wave per revolution
Greyed cells are for P2 position feedback connections or simulated encoder outputs.
Freeze and Freeze\ on terminals 5 and 6 are for Freeze input 1. Freeze2 and Freeze2\ on terminals 11 and 12 are for Freeze input 2.
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Table 4-11 P2 Position feedback and encoder simulation output connection details
P1 Position P2 Position Encoder Connections
feedback feedback . .
interface interface Simulation
5 6 7 8 9 10 1" 12
Pr 03.038 Pr03.138 Output
B (1) A A\ B B\ Z Z\
FD (2) F F\ D D\ z Z\
FR (3 Disabled*’ F F\ R R\ z Z\
AB (0) @)
FD (1) EnDat (4)
FR (2) SSI (5) DATA DATA\ CLK CLK\ Freeze2 | Freeze2\
SC (6) BiSS (6)
SC Hiperface (7) AB Asim Asim\ Bsim Bsim\ Zsim Zsim\
Resolver (14)
FD Fsim Fsim\ Dsim Dsim\ Zsim Zsim\
None (0)
FR Fsim Fsim\ Rsim Rsim\ Zsim Zsim\
SSI DATAsim DATAsim\ CLKsim | CLKsim\
B (1) A A\ B B\
FD (2) F F\ D D\
FR(3) Disabled*’ F R R R\
EnDat (4)
SC EnDat (9) SSI (5) DATA DATA\ CLK CLK\
SC SSI (11) BiSS (6)
AB Asim Asim\ Bsim Bsim\
FD Fsim Fsim\ Dsim Dsim\
None (0)
FR Fsim Fsim\ Rsim Rsim\
SSI DATAsim DATAsim\ CLKsim | CLKsim\
B (1) A A\ B B\ Z Z\
D (2) F F\ D D\ VA Z\
FR(3) Disabled*’ F F\ R R\ z 2\
EnDat (4)
EnDat (8) SSI (5) DATA DATA\ CLK CLK\ Freeze2 | Freeze2\
SSI (10) BiSS (6)
BiSS (13) - - - - - -
AB Asim Asim\ Bsim Bsim\ Zsim Zsim\
FD Fsim Fsim\ Dsim Dsim\ Zsim Zsim\
None (0)
FR Fsim Fsim\ Rsim Rsim\ Zsim Zsim\
SSI DATAsim DATAsim\ CLKsim | CLKsim\
EnDat (8) AB DATA DATA\ Asim Asim\ Bsim Bsim\ CLK CLK\
SSI(10) EnDat (4) FD DATA | DATA\ Fsim Fsim\ Dsim Dsim\ CLK CLK\
BiSS (13) SSI (5)
(with no Freeze BiSS (6) FR DATA DATA\ Fsim Fsim\ Rsim Rsim\ CLK CLK\
inputs) SSi DATA DATA\ DATAsIim DATAsim\ CLKsim | CLKsim\ CLK CLK\

“! The encoder simulation output is disabled when Pr 03.085 is set to zero.

NOTE

The termination resistors are always enabled on the P2 position interface. Wire break detection is not available when using AB, FD or FR position
feedback device types on the P2 position interface.
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444 Position feedback terminal specifications

A,F, Cosref, Data, Cos H

A\,F\ Cosref\, Data\, Cos L

AB (0), FD (1), FR (2), AB Servo (3), FD Servo(4), FR Servo (5)

L3 B, D, R Sinref, Clock, Sin H

Vi B\, D\, R\, Sinref\, Clock\, Sin L

AB (0), FD (1), FR (2), AB Servo (3), FD Servo(4), FR Servo (5)

Type EIA 485 differential receivers

Type EIA 485 differential receivers

Maximum input frequency 500 kHz

Maximum input frequency 500 kHz

Line loading < 2 unit loads

Line loading < 2 unit loads

Line termination components 120 Q (switchable)

Line termination components 120 Q (switchable)

Working common mode range —-7Vto+12V

Working common mode range —7Vto+12V

SC Hiperface (7), SC EnDat (9), SC SSI (11), SC Servo (12),
SC SC (15)

SC Hiperface (7), SC EnDat (9), SC SSI (11), SC Servo (12),
SC SC (15)

Type Differential voltage

Type Differential voltage

1.25V peak to peak (sin with
regard to sinref and cos with
regard to cosref)

Maximum Signal level

1.25 V peak to peak (sin with
regard to sinref and cos with
regard to cosref)

Maximum Signal level

Maximum input frequency See Table 4-12

Maximum input frequency See Table 4-12

Maximum applied differential voltage and

4V
common mode voltage range

Maximum applied differential voltage and

4V
common mode voltage range

Resolution: The sine wave frequency can be up to 500 kHz but the resolution is
reduced at high frequency. Table 4-12 shows the number of bits of interpolated
information at different frequencies and with different voltage levels at the drive
encoder port

Resolution: The sine wave frequency can be up to 500 kHz but the resolution is
reduced at high frequency. Table 4-12 shows the number of bits of interpolated
information at different frequencies and with different voltage levels at the drive
encoder port

EnDat (8), SSI (10), BiSS (13)

EnDat (8), SSI (10), BiSS (13) Type EIA 485 differential receivers

Type EIA 485 differential receivers Maximum input frequency 4 MHz

Maximum input frequency 4 MHz Line termination components 120 Q (switchable)

Line termination components 120 Q (switchable) Working common mode range —7Vto+12V

Working common mode range -7Vto+12V Resolver (14)

Resolver (14) Type 2 Vrms sinusoidal signal

Type 2 Vrms sinusoidal signal Operating Frequency 6 — 8 kHz

Operating Frequency 6-8kHz Input voltage 0.6 Vrms

Input voltage 0.6 Vrms Minimum impedance 85Q

Minimum impedance 85Q Common to All

Common to All Absolute maximum applied voltage relative to OV [-9 V to 14 V
-9Vto14V

Absolute maximum applied voltage relative to 0OV

NOTE

The position feedback input will accept 5 V TTL differential signals.
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Z, Data, Freeze, Ref H

Z\, Data\, Freeze\, Ref L

SC SC (15)

AB (0), FD (1), FR (2), AB Servo (3), FD Servo(4), FR Servo (5),

Type

EIA 485 differential receivers

Maximum input frequency

512 kHz

Line loading

< 2 unit loads

Line termination components

120 Q (switchable)

Working common mode range

—-7Vto+12V

SC Hiperface (7), SC EnDat (9), SC SSI (1

1), SC Servo (12)

Type

EIA 485 differential receivers

Maximum input frequency

4 MHz

Line termination components

120 Q (switchable)

Working common mode range

—-7Vto+12V

EnDat (8), SSI (10), BiSS (13)

V, D, Not used, Not used

V\, D\, Not used, Not used

AB Servo (3), FD Servo(4), FR Servo (5), SC Servo (12)

Type EIA 485 differential receivers
Maximum input frequency 512 kHz
Line loading 1 unit load

Line termination components

120 Q (switchable)

Working common mode range —-7Vto+12V
SC SC (15)
Type Differential voltage

Maximum Signal level

1.25V peak to peak (sin with
regard to sinref and cos with
regard to cosref)

Maximum input frequency

See Table 4-12

Maximum applied differential voltage and
common mode voltage range

Vv

Type

EIA 485 differential receivers

Maximum input frequency

4 MHz

Line termination components

120 Q (switchable)

Working common mode range

—-7Vto+12V

Resolver (14)

Type

Differential voltage

Nominal voltage

0 -2 Vrms depending on turns
ratio

Operating frequency

6 -8 KHz

Minimum impedance

850Q

Common to All

EnDat (8), SSI (10), BiSS (13)

Not used

Resolver (14)

Not used

Common to All

Absolute maximum applied voltage relative to OV |-9 V to 14 V

W, Clock, Not used, Not used

W\, Clock), Not used, Not used

AB Servo (3), FD Servo(4), FR Servo (5), SC Servo (12)

Absolute maximum applied voltage relative to OV [-9 V to 14 V Type EIA 485 differential receivers
Maximum input frequency 512 kHz
YAl U, C, Not used, Not used Line loading 1 unit load

;3 U\, C\, Not used, Not used

AB Servo (3), FD Servo(4), FR Servo (5), SC Servo (12)

Line termination components

120 Q (switchable)

Working common mode range

—-7Vto+12V

SC EnDat (9), SC SSI (11)

Type

Differential voltage

Maximum Signal level

1.25 V peak to peak (sin with
regard to sinref and cos with
regard to cosref)

Maximum input frequency

See Table 4-12

Type EIA 485 differential receivers
Maximum input frequency 512 kHz

Line loading 1 unit load

Line termination components 120 Q (switchable)

Working common mode range -7Vto+12V

SC SC (15)

Type Differential voltage

Maximum Signal level

1.25 V peak to peak (sin with
regard to sinref and cos with
regard to cosref)

Maximum input frequency

See Table 4-12

Maximum applied differential voltage and
common mode voltage range

HV

Maximum applied differential voltage and
common mode voltage range

4V

EnDat (8), SSI (10), BiSS (13)

Not used

Resolver (14)

Not used

Common to All

EnDat (8), SSI (10), BiSS (13)

Absolute maximum applied voltage relative to OV |-9 V to 14 V

Not used

Resolver (14)

Not used

Common to All

Absolute maximum applied voltage relative to OV |-9 V to 14 V
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Common to all Feedback types 4.5  Safe Torque Off (STO)

n Feedback device supply

Supply voltage 515V +2%,8V+5%o0r15V+5%

300 mA for 5V and 8 V

Maximum output current 200 mA for 15 V

The voltage on Terminal 13 is controlled by Pr 03.036. The default for this
parameter is 5 V (0) but this can be setto 8 V (1) or 15 V (2). Setting the encoder
voltage too high for the encoder could result in damage to the feedback device.
The termination resistors should be disabled if the outputs from the encoder are
higher than 5 V.

n 0V Common

Motor thermistor input

Thermistor type is selected in P1 Thermistor Type (03.118).

Sincos encoder resolution

The sine wave frequency can be up to 500 kHz but the resolution is
reduced at high frequency. Table 4-12 shows the number of bits of
interpolated information at different frequencies and with different
voltage levels at the drive encoder port. The total resolution in bits per
revolution is the ELPR plus the number of bits of interpolated
information. Although it is possible to obtain 11 bits of interpolation
information, the nominal design value is 10 bits.

Table 4-12 Feedback resolution based on frequency and voltage

level
Volt/Freq | 1 kHz | 5 kHz | 50 kHz | 100 kHz | 200 kHz | 500 kHz
1.2 11 11 10 10 9 8
1.0 11 11 10 9 9 7
0.8 10 10 10 9 8 7
0.6 10 10 9 9 8 7
0.4 9 9 9 8 7 6

The Unidrive M700 / M701 has a single channel STO, whereas the
Unidrive M702 has a dual channel STO.

The Safe Torque Off function provides a means for preventing the drive
from generating torque in the motor, with a very high level of integrity. It
is suitable for incorporation into a safety system for a machine. It is also
suitable for use as a conventional drive enable input.

The safety function is active when the STO input is in the logic-low state
as specified in the control terminal specification. The function is defined
according to EN 61800-5-2 and IEC 61800-5-2 as follows. (In these
standards a drive offering safety-related functions is referred to as a
PDS(SR)):

'Power that can cause rotation (or motion in the case of a linear motor)
is not applied to the motor. The PDS(SR) will not provide energy to the
motor which can generate torque (or force in the case of a linear motor)'

This safety function corresponds to an uncontrolled stop in accordance
with stop category 0 of IEC 60204-1.

The Safe Torque Off function makes use of the special property of an
inverter drive with an induction motor, which is that torque cannot be
generated without the continuous correct active behaviour of the inverter
circuit. All credible faults in the inverter power circuit cause a loss of
torque generation.

The Safe Torque Off function is fail-safe, so when the Safe Torque Off
input is disconnected the drive will not operate the motor, even if a
combination of components within the drive has failed. Most component
failures are revealed by the drive failing to operate. Safe Torque Off is
also independent of the drive firmware. This meets the requirements of
the following standards, for the prevention of operation of the motor.

Machinery Applications

The Safe Torque Off function has been independently assessed by
Notified Body, TGV Rheinland for use as a safety component of a
machine:

Prevention of unintended motor operation: The safety function “Safe
Torque Off” can be used in applications up to Cat 4, PL e according to
EN ISO 13849-1, SIL 3 according to EN 61800-5-2/ EN 62061/ IEC
61508 and in lift applications according to EN 81-1 and EN81-2.

Type examination
certificate number

01.205/5270.01/14

Date of issue Models

11-11-2014 M700, M701, M702

This certificate is available for download from the TGV Rheinland website
at: http://www.tuv.com
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Logic levels comply with IEC 61131-2:2007 for type 1 digital inputs rated
at 24 V. Maximum level for logic low to achieve SIL3 and PL e 5V and

0.5 mA.
Lift (Elevator) Applications

The Safe Torque Off function has been independently assessed for use
as a safety component in lift (elevator) applications by Notified Body,
TuV Nord:

The Unidrive M drives series with Safe Torque Off (STO) function if
applied according to the "Conditions of application” fulfil the safety
requirements of the standards EN81-1, EN81-2, EN 81-50 and
EN60664-1and are in conformity with all relevant requirements of the
Directive 95/16/EC.

Certificate of Conformity

Models
number

Date of issue

44799 13196202

04-08-2015 M700, M701, M702

The Safe Torque Off function can be used to eliminate electro-
mechanical contactors, including special safety contactors, which would
otherwise be required for safety applications.

For further information contact the supplier of the drive.

UL Approval

The Safe Torque Off function has been independently assessed by
Underwriters Laboratories (UL). The on-line certification (yellow card)
reference is: FSPC.E171230.

Safety Parameters as verified by UL:
According to IEC 61508-1 to 7
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Safety Parameters as verified by TiiV Rheinland: According to EN ISO 13849-1
According to IEC 61508-1 to 07 / EN 61800-5-2 / EN 62061 Type Value
Type Value Jercentage of | [Caiegory 4
allowance Performance Level (PL) e
Proof test interval 20 years MTTFp 2574 years
High demand or a continuous mode of operation Diagnostic coverage High
PFH (1/h) 421x10™M 1/h <1% CCF 65
Low demand mode of operation (not EN 61800-5-2)
Two-channel Safe Torque Off
PFDavg | 368x10° | <1% .
Models M700 and M701 have a single channel STO, whereas the M702
has dual ch | STO.
According to EN 1SO 13849-1 as duatchanne
Type Value Classification The dual channel STO has two fully independent channels.
Category ) Each input meets the requirements of the standards as defined above.
Performance Level (PL) e If either or both inputs are set at a logic low state, there are no single
MTTFp (STO1) >2500 years High faults in the drive which can permit the motor to be driven.
MTTFp (STO2) >2500 years High It is not necessary to use both channels to meet the requirements of the
MTTFD (Single channel ] standards. The purpose of the two channels is to allow connection to
STO) >2500 years High machine safety systems where two channels are required, and to
DCavg =99 % High facilitate protection against wiring faults.
Mission time 20 years For example, if each channel is connected to a safety-related digital

output of a safety related controller, computer or PLC, then on detection
of a fault in one output the drive can still be disabled safely through the
other output.

Under these conditions, there are no single wiring faults which can
cause a loss of the safety function, i.e. inadvertent enabling of the drive.

In the event that the two-channel operation is not required, the two
inputs can be connected together to form a single Safe Torque Off input.

One-channel Safe Torque Off (Including Two- channel Safe Torque
off with the inputs connected together.)

In a single channel Safe Torque Off application there are no single faults
in the drive which can permit the motor to be driven. Therefore it is not
necessary to have a second channel to interrupt the power connection,
nor a fault detection circuit.

It is important to note that a single short-circuit from the Safe Torque Off
input to a DC supply of > 5V could cause the drive to be enabled.

This might occur through a fault in the wiring. This can be excluded
according to EN ISO 13849-2 by the use of protected wiring. The wiring
can be protected by either of the following methods:

* By placing the wiring in a segregated cable duct or other enclosure.
or

* By providing the wiring with a grounded (OV of the Drive) shield in a
positive-logic grounded control circuit. The shield is provided to avoid a
hazard from an electrical fault. It may be grounded by any convenient
method; no special EMC precautions are required.

Note on response time of Safe Torque Off, and use with safety
controllers with self-testing outputs:

Tvoe Value Safe Torque Off has been designed to have a response time of greater
yp than 1 ms so that it is compatible with safety controllers whose outputs
Safety Rating SIL 3 are subject to a dynamic test with a pulse width not exceeding 1 ms.
SFF >99 % Note on the use of servo motors, other permanent-magnet motors,
PEH (1/h) 4.43x107'%1/h (<1 % of SIL 3 reluctance motors and salient-pole induction motors:
allowance) When the drive is disabled through Safe Torque Off, a possible (although
HFT 1 highly unlikely) failure mode is for two power devices in the inverter
Beta Factor 2% circuit to conduct incorrectly.
CFF Not applicable
nidrive ontrol User Guide
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This fault cannot produce a steady rotating torque in any AC motor.

It produces no torque in a conventional induction motor with a cage
rotor. If the rotor has permanent magnets and/or saliency, then a
transient alignment torque may occur. The motor may briefly try to rotate
by up to 180° electrical, for a permanent magnet motor, or 90° electrical,
for a salient pole induction motor or reluctance motor. This possible
failure mode must be allowed for in the machine design.

The design of safety-related control systems must only be
done by personnel with the required training and experience.
The Safe Torque Off function will only ensure the safety of a
machine if it is correctly incorporated into a complete safety
system. The system must be subject to a risk assessment to
confirm that the residual risk of an unsafe event is at an
acceptable level for the application.

Safe Torque Off inhibits the operation of the drive, this
includes inhibiting braking. If the drive is required to provide
both braking and Safe Torque Off in the same operation (e.g.
for emergency stop) then a safety timer relay or similar device
must be used to ensure that the drive is disabled a suitable
time after braking. The braking function in the drive is
provided by an electronic circuit which is not fail-safe. If
braking is a safety requirement, it must be supplemented by
an independent fail-safe braking mechanism.

Safe Torque Off does not provide electrical isolation.
The supply to the drive must be disconnected by an approved
isolation device before gaining access to power connections.

It is essential to observe the maximum permitted voltage of
5V for a safe low (disabled) state of Safe Torque Off. The
connections to the drive must be arranged so that voltage
drops in the 0 V wiring cannot exceed this value under any
loading condition. It is strongly recommended that the Safe
Torque Off circuit be provided with a dedicated 0 V conductor
which should be connected to terminal 30 at the drive.

Safe Torque Off over-ride

The drive does not provide any facility to over-ride the Safe Torque Off
function, for example for maintenance purposes.
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5 Getti ng Sta rted Table 5-2 Active action icon
Active action icon Description Priority
This chapter introduces the user interfaces, menu structure and security
levels of the drive. Alarm active

5.1 Understanding the display
The keypad can only be mounted on the drive.

511 Kl-Keypad

The Kl-Keypad display consists of two rows of text. The upper row
shows the drive status or the menu and parameter number currently
being viewed. The lower row of the display line shows the parameter
value or the specific trip type. The last two characters on the first row

may display special indications. If more than one of these indications is

active then the indications are prioritized as shown in Table 5-2.
When the drive is powered up the lower row will show the power up
parameter defined by Parameter Displayed At Power-Up (11.022).

Figure 5-1 KI-Keypad

<

0
c'o = o
J

jm

Escape button

Start reverse (Auxiliary button)
Start forward

Navigation keys (x4)

Stop / Reset (red) button
Enter button

The red stop button is also used to reset the drive.

ok wN =

The parameter value is correctly displayed in the lower row of the
keypad display, see table below.

Keypad real-time clock battery
low

Accessing non-volatile media
card

Drive security active and locked
or unlocked

Motor map 2 active

User program running

Keypad reference active

5.2
5.21

Keypad operation

Control buttons

The keypad consists of:

Navigation Keys - Used to navigate the parameter structure and
change parameter values.

Enter / Mode button - Used to toggle between parameter edit and
view mode.

Escape / Exit button - Used to exit from parameter edit or view
mode. In parameter edit mode, if parameter values are edited and
the exit button pressed the parameter value will be restored to the
value it had on entry to edit mode.

Start forward button - Use to provide a 'Run’' command if keypad
mode is selected.

Start reverse button - Used to control the drive if keypad mode is
selected and the reverse button is activated. If Enable Auxiliary Key
(06.013) = 1, then the keypad reference is toggled between run
forward and run reverse each time the button is pressed. If Enable
Auxiliary Key (06.013) = 2, then the button functions as a run
reverse key.

Stop / Reset button - Used to reset the drive. In keypad mode can be
used for 'Stop'.

NOTE

Low battery voltage is indicated by D low battery symbol on the keypad
display.

Figure 5-2 overleaf shows an example on moving between menus and
editing parameters.

Table 5-1 Keypad display formats
Display formats Value

IP Address 127.000.000.000
MAC Address 01ABCDEF2345
Time 12:34:56

Date 31-12-11 or 12-31-11
Version number 01.02.02.00
Character ABCD

32 bit number with decimal point 21474836.47

16 bit binary number 0100001011100101
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Figure 5-2 Display modes
Status
Mode <
Timeout Timeout Timeout
To enter Parameter or
Mode, press G key or Press ke
P Y S key To return to Status Mode,
Press key
{L
When returning
to Parameter 00.
Mode use the 0.0 Hz
A Temporary
| . Parameter
< Mode
To select parameter
Press A
< > keys to select
another parameter
to change, if
l required

To return to Parameter Mode,

Press G key to keep the new parameter value

Press key to ignore the new parameter value and return
the parameter to the pre-edited value

(Character to be edited in lower line of display flashing)

Change parameter values using keys.
%

NOTE

The navigation keys can only be used to move between menus if Pr 00.049 has been set to show 'All Menus'. Refer to section 5.9 Parameter access

level and security on page 46.

5.2.2 Quick access mode
The quick access mode allows direct access to any parameter without
scrolling through menus and parameters.

To enter the quick access mode, press and hold the Enter button
on the keypad while in ‘parameter mode’.

Figure 5-3 Quick access mode

N

0.05.001%

E.
D \g W&
s,

5.2.3 Keypad shortcuts

In ‘parameter mode’:

+ Ifthe up and down keypad buttons are pressed
together, then the keypad display will jump to the start of the
parameter menu being viewed, i.e. Pr 05.005 being viewed, when
the above buttons pressed together will jump to Pr 05.000.

+ Ifthe left and right keypad buttons are pressed together,

then the keypad display will jump to the last viewed parameter in
Menu 0.
In ‘parameter edit mode’:

« Ifthe up and down keypad buttons are pressed
together, then the parameter value of the parameter being edited will
be set to 0.

« Ifthe left and right keypad buttons are pressed together, the

least significant digit (furthest right) will be selected on the keypad
display for editing.
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Figure 5-4 Mode examples
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1. Parameter view mode: Read write or Read only

2. Status mode: Drive OK status

If the drive is ok and the parameters are not being edited or viewed, the
upper row of the display will show one of the following:

* ‘Inhibit’, ‘Ready’ or ‘Run’.

3. Status mode: Trip status

When the drive is in trip condition, the upper row of the display will
indicate that the drive has tripped and the lower row of the display will
show the trip code. For further information regarding trip codes. refer to
Table 13-4 Trip indications on page 247.

4. Status mode: Alarm status

During an ‘alarm’ condition the upper row of the display flashes between
the drive status (Inhibit, Ready or Run, depending on what is displayed)
and the alarm.

Do not change parameter values without careful
consideration; incorrect values may cause damage or a
safety hazard.

When changing the values of parameters, make a note of the new
values in case they need to be entered again.

For new parameter-values to apply after the line power supply to the
drive is interrupted, new values must be saved. Refer to section 5.7
Saving parameters on page 45.

5.3 Menu structure

The drive parameter structure consists of menus and parameters.

The drive initially powers up so that only Menu 0 can be viewed. The up
and down arrow buttons are used to navigate between parameters and
once Pr 00.049 has been set to 'All Menus' the left and right buttons are
used to navigate between menus. For further information, refer to
section 5.9 Parameter access level and security on page 46.

Figure 5-5 Parameter navigation

Y 5o W oS

1.0009
* Can only be used to move between menus if all menus have
been enabled (Pr 00.049). Refer to section 5.9 Parameter

access level and security on page 46.

The menus and parameters roll over in both directions.

i.e. if the last parameter is displayed, a further press will cause the
display to rollover and show the first parameter.

When changing between menus the drive remembers which parameter
was last viewed in a particular menu and thus displays that parameter.

Figure 5-6 Menu structure
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Moves between Menus

* The option module menus (S.mm.ppp) are only displayed if option
modules are installed. Where S signifies the option module slot number
and the mm.ppp signifies the menu and the parameter number of the
option module's internal menus and parameter.

Unidrive M700 / M701 / M702 Control User Guide
Issue Number: 2



Safety Product Mechanical Electrical Getting Basic Running Optimization Drive NV Media Card | Onboard | Advanced Diagnostics UL
information information installation installation started parameters the motor P communication Operation PLC parameters 9 information
54 Menu0 5.5 Advanced menus

Menu 0 is used to bring together various commonly used parameters for
basic easy set up of the drive. The parameters displayed in Menu 0 can

be configured in Menu 22.
Appropriate parameters are copied from the advanced menus into Menu

0 and thus exist in both locations.

For further information, refer to Chapter 6 Basic parameters on page 49.

Figure 5-7 Menu 0 copying

00.004 5 4

Menu 0 /

Menu 2

02.021 5
-

00.005 0 «
00.006, 150 \
w

Menu 4

04.007: 150

Menu 1

01.014 0

The advanced menus consist of groups or parameters appropriate to a
specific function or feature of the drive. Menus 0 to 41 can be viewed on
the Kl-Keypad.

The option module menus (S.mm.ppp) are only displayed (except for

Unidrive M700 / M702 4. mm.ppp) if option modules are installed. Where
S signifies the option module slot number and the mm.ppp signifies the
menu and parameter number of the option module’s internal menus and

parameter.

On Unidrive M700 / M702, menu 4.00.xxx is the same as menu 24.xxx.

Table 5-3 Advanced menu descriptions

Menu Description
0 Commonly used basic set up parameters for quick / easy
programming
1 Frequency / Speed reference
2 Ramps
3 Frequency slaving, speed feedback and speed control
4 Torque and current control
5 Motor control
6 Sequencer and clock
7 Analog /O
8 Digital I/0
9 Programmable logic, motorized pot, binary sum, timers and
scope
10 Status and trips
11 Drive set-up and identification, serial communications
12 Threshold detectors and variable selectors
13 Standard motion control
14 User PID controller
15 Option module slot 1 set-up menu
16 Option module slot 2 set-up menu
17 Option module slot 3 set-up menu
18 General option module application menu 1
19 General option module application menu 2
20 General option module application menu 3
21 Second motor parameters
22 Menu 0 set-up
23 Not allocated
24 Ethernet module (slot 4) set-up menu*
25 Option module slot 1 application parameters
26 Option module slot 2 application parameters
27 Option module slot 3 application parameters
28 Option module slot 4 application parameters
29 Reserved menu
30 Onboard user programming application menu
31-41 | Advanced motion controller set-up parameters
Slot 1 | Slot 1 option menus**
Slot 2 | Slot 2 option menus**
Slot 3 | Slot 3 option menus**
Slot4 | Slot 4 option menus**

* Only displayed on Unidrive M700 / M702.
** Only displayed when the option modules are installed.
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5.5.1 Kl-Keypad set-up menu 5.5.3 Display messages

To enter the keypad set-up menu press and hold the escape S
button on the keypad from status mode. All the keypad parameters are
saved to the keypad non-volatile memory when exiting from the keypad
set-up menu.

To exit from the keypad set-up menu press the escape or or
button. Below are the keypad set-up parameters.

Table 5-4 KIl-Keypad set-up parameters

Parameters Range Type
Classic English (0)
English (1)
German (2)
Keypad.00 | Language* French (3) RW
Italian (4)
Spanish (5)
Chinese (6)
Keypad.01 | Show Units Off (0), On (1) RW
Keypad.02 | Backlight Level 0to 100 % RW
01.01.10 to
Keypad.03 | Keypad Date 31.12.99 RO
) 00:00:00 to
Keypad.04 | Keypad Time 23:59-59 RO
Show Raw Text Parameter
Keypad.05 Values Off (0), On (1) RW
. 00.00.00.00 to
Keypad.06 | Software Version 99 99.99 99 RO
. 00.00.00.00 to
Keypad. 07 | Language version 99 99.99 99 RO
Keypad. 08 | Font version 0 to 1000 RO
Keypad. 09 | Show menu names Off or on RW

* The languages available will depend on the keypad software version.

NOTE

It is not possible to access the keypad parameters via any
communications channel.

5.5.2 Alarm indications

An alarm is an indication given on the display by alternating the alarm
string with the drive status string on the upper row and showing the
alarm symbol in the last character in the upper row. Alarms strings are
not displayed when a parameter is being edited, but the user will still see
the alarm character on the upper row.

Table 5-5 Alarm indications

Alarm string Description

Brake resistor overload. Braking Resistor Thermal
Accumulator (10.039) in the drive has reached
75.0 % of the value at which the drive will trip.

Brake Resistor

Motor Protection Accumulator (04.019) in the drive
has reached 75.0 % of the value at which the drive
will trip and the load on the drive is > 100 %.

Motor Overload

Regen inductor overload. Inductor Protection
Accumulator (04.019) in the drive has reached
75.0 % of the value at which the drive will trip and
the load on the drive is > 100 %.

Ind Overload

Drive over temperature. Percentage Of Drive
Thermal Trip Level (07.036) in the drive is greater
than 90 %.

Drive Overload

The autotune procedure has been initialized and an

Auto Tune .
autotune in progress.

Limit Switch Limit switch active. Indicates that a limit switch is

active and that is causing the motor to be stopped.

The following tables indicate the various possible mnemonics which can
be displayed by the drive and their meaning.

Table 5-6 Status indications

Upper row Drive
PP . Description output
string

stage
The drive is inhibited and cannot be run.
The Safe Torque Off signal is not applied to
- Safe Torque Off terminals or Pr 06.015 is .
Inhibit set to 0. The other conditions that can Disabled
prevent the drive from enabling are shown
as bits in Enable Conditions (06.010)
The drive is ready to run. The drive enable
is active, but the drive inverter is not active | Disabled
because the final drive run is not active
The drive is stopped / holding zero speed. | Enabled
The drive is active and running Enabled
The drive is enabled in Regen mode and is
. ) Enabled
trying to synchronize to the supply
ST JA\ARELW Supply loss condition has been detected Enabled
The motor is being decelerated to zero
DL EVLL W speed / frequency because the final drive Enabled
run has been deactivated.

LTI I The drive is applying dc injection braking Enabled

Position Po§|t|on|ng /.p03|t.|on control is active Enabled
during an orientation stop
The drive has tripped and no longer
controlling the motor. The trip code appears | Disabled
in the lower display.
The Reggn unit is enabled and Enabled
synchronized to the supply
Under The drive is in the under voltage state either .
. ; Disabled
Voltage in low voltage or high voltage mode.
The motor pre-heat function is active Enabled
Phasing The dn,ve is performing a ‘phasing test on Enabled
enable
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Table 5-7 Option module and NV media card and other status
indications at power-up

First row

. Status
string

Second row string

Parameters

Booting

Parameters are being loaded

Drive parameters are being loaded from a NV Media Card

Booting (VETE Lo eI 1n Il User program being loaded

User program is being loaded from a NV Media Card to the drive

Option

Booting User program being loaded

Program

User program is being loaded from a NV Media Card to the option
module in slot X

Data being written to NV Media

NV Card Card

Writing To

Data is being written to a NV Media Card to ensure that its copy of the
drive parameters is correct because the drive is in Auto or Boot mode

Waiting For LVETESVES 10 Waiting for power stage

The drive is waiting for the processor in the power stage to respond
after power-up

Waiting For

Options Waiting for an option module

The drive is waiting for the options modules to respond after power-up

Uploading
From

Options Loading parameter database

At power-up it may be necessary to update the parameter database
held by the drive because an option module has changed or because
an applications module has requested changes to the parameter
structure. This may involve data transfer between the drive an option

modules. During this period ‘Uploading From Options’ is displayed

5.6 Changing the operating mode

Changing the operating mode returns all parameters to their default
value, including the motor parameters. User security status (00.049) and
User security code (00.034) are not affected by this procedure).

Procedure
Use the following procedure only if a different operating mode is
required:

1. Ensure the drive is not enabled, i.e. terminal 31 on Unidrive M700 /
M701 and terminal 11 & 13 on Unidrive M702 is open or Pr 06.015 is
Off (0)

2. Enter either of the following values in Pr mm.000, as appropriate:
1253 (50 Hz AC supply frequency)
1254 (60 Hz AC supply frequency)

3. Change the setting of Pr 00.048 as follows:

Pr 00.048 setting Operating mode
00.048 1 Open-loop
t Open-loop
2 RFC-A
3 RFC-S
4 Regen
Regen

The figures in the second column apply when the communications
interface is used.

4. Either:

+ Pressthered reset button

» Toggle the reset digital input

+ Carry out a drive reset through the communications interface by
setting Pr 10.038 to 100.

NOTE

Entering 1253 or 1254 in Pr mm.000 will only load defaults if the setting
of Pr 00.048 has been changed.

5.7 Saving parameters
When changing a parameter in Menu 0, the new value is saved when

pressing the Enter button to return to parameter view mode from
parameter edit mode.

If parameters have been changed in the advanced menus, then the
change will not be saved automatically. A save function must be carried
out.

Procedure

1. Select ‘Save Parameters' in Pr mm.000 (alternatively enter a value
of 1001 in Pr mm.000)

2. Either:

* Press the red reset button

» Toggle the reset digital input, or

« Carry out a drive reset through the communications interface by
setting Pr 10.038 to 100

5.8 Restoring parameter defaults

Restoring parameter defaults by this method saves the default values in
the drives memory. User security status (00.049) and User security code
(00.034) are not affected by this procedure).

Procedure

1. Ensure the drive is not enabled, i.e. terminal 31 on Unidrive M700 /
M701 and terminal 11 & 13 on Unidrive M702 is open or Pr 06.015 is
Off (0)

2. Select 'Reset 50 Hz Defs' or 'Reset 60 Hz Defs' in Pr mm.000.
(alternatively, enter 1233 (50 Hz settings) or 1244 (60 Hz settings) in
Pr mm.000).

3. Either:

* Press the red reset button

» Toggle the reset digital input

« Carry out a drive reset through the communications interface by
setting Pr 10.038 to 100
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5.9 Parameter access level and security

The parameter access level determines whether the user has access to
Menu 0 only or to all the advanced menus (Menus 1 to 41) in addition to
Menu 0.

The User Security determines whether the access to the user is read
only or read write.

Both the User Security and Parameter Access Level can operate
independently of each other as shown in Table 5-8.

Table 5-8 Parameter access level and security
User
security User Menu 0 Advanced
Access level .
status security status menu status
(11.044)

Open RW Not visible

0 Menu 0 —
Closed RO Not visible
Open RW RW

1 All Menus
Closed RO RO

2 Read-only Open RO Not visible

Menu 0 Closed RO Not visible

Open RO RO

3 Read-only
Closed RO RO
Open Not visible | Not visible

4 Status only — —
Closed Not visible | Not visible
Open Not visible | Not visible

5 No access — —
Closed Not visible | Not visible

The default settings of the drive are Parameter Access Level Menu 0
and user Security Open i.e. read / write access to Menu 0 with the
advanced menus not visible.

5.9.1 User Security Level / Access Level
The drive provides a number of different levels of security that can be set
by the user via User Security Status (11.044); these are shown below.

User Security

Status Description
(Pr 11.044)
Menu 0 (0) All writable parameters are available to be edited

but only parameters in Menu 0 are visible

All parameters are visible and all writable

Allmenus (1) parameters are available to be edited

Read- only
Menu 0 (2)

Access is limited to Menu 0 parameters only. All
parameters are read-only

All parameters are read-only however all menus

Read-only (3) and parameters are visible

The keypad remains in status mode and no

Status only (4) parameters can be viewed or edited

The keypad remains in status mode and no
parameters can be viewed or edited. Drive

No access (5) .
parameters cannot be accessed via a comms/

fieldbus interface in the drive or any option module

5.9.2 Changing the User Security Level /Access
Level

The security level is determined by the setting of Pr 00.049 or Pr 11.044.
The Security Level can be changed through the keypad even if the User

Security Code has been set.

5.9.3 User Security Code
The User Security Code, when set, prevents write access to any of the
parameters in any menu.

Setting User Security Code
Enter a value between 1 and 2147483647 in Pr 00.034 and press the

button; the security code has now been set to this value. In order

to activate the security, the Security level must be set to desired level in
Pr 00.049. When the drive is reset, the security code will have been

activated and the drive returns to Menu 0 and the @ symbol is

displayed in the right hand corner of the keypad display. The value of
Pr 00.034 will return to 0 in order to hide the security code.

Unlocking User Security Code

Select a parameter that need to be edited and press the button,
the upper display will now show ‘Security Code’. Use the arrow buttons

to set the security code and press the button. With the correct
security code entered, the display will revert to the parameter selected in
edit mode.

If an incorrect security code is entered, the following message ‘Incorrect
security code’ is displayed, then the display will revert to parameter view
mode.

Disabling User Security
Unlock the previously set security code as detailed above. Set Pr 00.034

to 0 and press the button. The User Security has now been
disabled, and will not have to be unlocked each time the drive is
powered up to allow read / write access to the parameters.

5.10 Displaying parameters with

non-default values only

By selecting 'Show non-default' in Pr mm.000 (Alternatively, enter 12000
in Pr mm.000), the only parameters that will be visible to the user will be
those containing a non-default value. This function does not require a
drive reset to become active. In order to deactivate this function, return
to Pr mm.000 and select 'No action' (alternatively enter a value of 0).
Please note that this function can be affected by the access level
enabled, refer to section 5.9 Parameter access level and security on
page 46 for further information regarding access level.

5.11 Displaying destination parameters

only

By selecting 'Destinations' in Pr mm.000 (Alternatively enter 12001 in
Pr mm.000), the only parameters that will be visible to the user will be
destination parameters. This function does not require a drive reset to
become active. In order to deactivate this function, return to Pr mm.000
and select 'No action' (alternatively enter a value of 0).

Please note that this function can be affected by the access level
enabled, refer to section 5.9 Parameter access level and security on
page 46 for further information regarding access level.

512 Communications

The Unidrive M700 / M702 drives offer Ethernet fieldbus
communications and the Unidrive M701 drive offers a 2 wire EIA 485
interface. This enables the drive set-up, operation and monitoring to be
carried out with a PC or controller if required.
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5.12.1 Unidrive M700/ M702 - Ethernet

communications
The drive offers fieldbus communications via Ethernet, this enables the
drive set-up, operation and monitoring to be carried out with a PC or
controller. The drive provides two RJ45 connections with an Ethernet
switch for easy network creation. The Ethernet option provides support
for the following protocols:

*  Modbus TCP
»  EtherNet/IP or Profinet 10
*  Web pages*

*  Email**
*  Synchronization with IEEE1588
+  RTMoE

*Basic Web page functionality only

**Features have not been implemented but will be available soon.

In addition to two RJ45 connectors, each port provides a status LED for
diagnostic / information purposes.

LED status Description
Off Ethernet connection not detected
Solid green Ethernet connection detected but no data
Flashing green Ethernet connection detected and data flow

Figure 5-8 Location of the Ethernet ports

The shell of the RJ45 connector is isolated from the OV of the drive
control terminals but it is connected to ground.

NOTE

Modbus TCP/IP has a maximum number of 4 client connections. Refer
to Pr 4.15.006 (Maximum Connections) in the Parameter Reference
Guide. The default value of Pr 4.15.006 is 2 client connections, but the
maximum number of client connections is 10.

Recommended cable

It is recommended that a minimum specification of CAT5e is used in new
installations. If the existing cabling is used this may limit the maximum
data rate depending on the cable ratings. In noisy environments the use
of STP cable will offer additional noise immunity.

Maximum network lengths

The main restriction imposed on the Ethernet cabling is the length of a
single segment of the cable, for Copper - UTP/STP CAT 5 cable type,
maximum trunk cable length should be limited to 100 m. If distances
greater than this are required it may be possible to extend the network
with additional switches.

Ethernet set-up parameters
This section covers the parameters necessary to establish an Ethernet
connection to the drive.

Table 5-9 Key to parameter table coding

RW [Read / Write ND No default value
RO | Read only NC Not copied
Num | Number parameter PT Protected parameter
Bit Bit parameter RA Rating dependant
Txt | Text string us User save
Bin Binary parameter PS Power-down save
Fl Filtered DE Destination
IP IP Address Mac | Mac Address
Date | Date parameter Time | Time parameter
Chr | Character parameter
4.00.007
{24.007}
| L1 1US]
¢ Off (0) or On (1) = Off (0)

Changes to the Ethernet set-up parameters will not take effect until a
Reset (4.00.007) has been performed.

4.00.010

{24.010} Active IP Address

128.000.000.000 to
g 127.255.255.255 =

| US |

This parameter displays the Active IP Address. The Active IP Address
can also be viewed in Pr 00.037.

LX 72 R DHCP Enable
RW | Bit ] ]

¢ Off (0) or On (1) =

| US|
On (1)

If DHCP Enable (4.02.005) is set to On (1), the IP address is acquired
from the DHCP server and written to /P Address (4.02.006).

NOTE

When using manual / static IP address configuration, ensure Subnet
Mask (4.02.007) and Default Gateway (4.02.008) should also be set
manually.

If Protocol Mode Select (4.02.018) is set to Profinet (2) and the
IP address is assigned to a Profinet Controller, DHCP Enable (4.02.005)
will be ignored and set to Off (0) on initialisation.

X720 D IP Address
RW IP | | | |

000.000.000.000 to
¢ 255 255.255.255 = 192.168.001.100

| US |

This parameter controls and displays the IP address of the drive. If
DHCP Enable (4.02.005) is set to On (1) this parameter will become
read-only.
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EX 17X /A Subnet Mask
RW IP | | | | | US |
000.000.000.000 to
4 055 255 255 955 = 255.255.255.000

This parameter controls and displays the Subnet Mask (4.02.007) of the
drive.

CX X[ Default Gateway
RW IP | | | | | us |
000.000.000.000 to
¢ 255 955 955 255 = 192.168.1.254

This parameter controls and displays the Default Gateway (4.02.008) of
the drive.

PC Tools support

The discovery protocol feature, which is supported by the Unidrive M PC
tools, is able to discover the drives that are connected to a PC,
independent of above parameter settings.

5.12.2 Unidrive M701 - EIA 485 Serial
communications

The EIA 485 option provides two parallel RJ45 connectors allowing easy
daisy chaining. The drive only supports Modbus RTU protocol.

The serial communications port of the drive is a RJ45 socket, which is
isolated from the power stage and the other control terminals (see
section 4.2 Communication connections on page 23 for connection and
isolation details).

The communications port applies a 2 unit load to the communications
network.

USBIJEIA 232 to EIA 485 Communications

An external USB/EIA 232 hardware interface such as a PC cannot be
used directly with the 2-wire EIA 485 interface of the drive. Therefore a
suitable converter is required.

Suitable USB to EIA 485 and EIA 232 to EIA 485 isolated converters are
available from Control Techniques as follows:

»+ CT USB Comms cable (CT Part No. 4500-0096)
+ CTEIA 232 Comms cable (CT Part No. 4500-0087)

When using the CT EIA 232 Comms cable the available baud rate is
limited to 19.2 k baud.

When using one of the above converters or any other suitable converter
with the drive, it is recommended that no terminating resistors be
connected on the network. It may be necessary to 'link out' the
terminating resistor within the converter depending on which type is
used. The information on how to link out the terminating resistor will
normally be contained in the user information supplied with the
converter.

Serial communications set-up parameters
The following parameters need to be set according to the system

requirements.

Serial communications set-up parameters

8 2 NP (0),
81 NP (1),
8 1EP (2),
81 0P (3), The drive only supports the
82 NP M (4), Modbus RTU protocol and is
8 1 NP M (5), always a slave. This parameter
. 81 EP M (6), defines the supported data
S‘x’flo’\z”z)de 810PM(7), |formats used by the EIA 485
{00'035} 7 2 NP (8), comms port (if installed) on the
’ 7 1 NP (9), drive. This parameter can be
7 1EP (10), changed via the drive keypad,
710P (11), via a option module or via the
72NP M (12), comms interface itself.
71NP M (13),
71EPM (14),
710PM (15)
300 (0), This parameter can be
600 (1), changed via the drive keypad,
1200 (2), via a option module or via the
2400 (3), comms interface itself. If it is
Serial Baud Rate | 4800 (4), changed via the comms
(11.025) 9600 (5), interface, the response to the
{00.036} 19200 (6), command uses the original
38400 (7), baud rate. The master should
57600(8), wait at least 20 ms before
76800(9), sending a new message using
115200 (10) the new baud rate.

Seril Addross coril addross and an
(11.023) 1to247 addresses between 1 and 247
{00.037} .

are permitted.
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6 Basic parameters

Menu 0 is used to bring together various commonly used parameters for basic easy set up of the drive. All the parameters in Menu 0 appear in other
menus in the drive (denoted by {...}). Menu 22 can be used to configure the parameters in Menu 0.

6.1

Parameter ranges and variable minimum / maximums

Some parameters in the drive have a variable range with a variable minimum and a variable maximum value which is dependent on one of the

following:

* The settings of other parameters
* The drive rating
* The drive mode
+ Combination of any of the above

For more information, refer to section 12.1 Parameter ranges and Variable minimum/maximums on page 148

6.2 Menu 0: Basic parameters

Range Default
Parameter Type
oL RFC-A RFC-S oL RFC-A RFC-S
00.001 | Minimum Reference Clamp {01.007} VM_NEGATIVE_REF_CLAMP1 Hz / rpm 0.0 Hz 0.0 rpm RW | Num us
50 Hz default: | 50 Hz default:
. 50.0 Hz 1500.0 rpm
00.002 | Maximum Reference Clamp {01.006} VM_POSITIVE_REF_CLAMP1 Hz / rpm 60 Hz default: | 60 Hz default: 3000.0 rpm IRW | Num us
60.0 Hz 1800.0 rpm
00.003 | Acceleration Rate 1 02011} | vm_AGoEL RaTe | 0000t VMACCELRATE | 00 2:000 0.200
- coeleration Rate {02.011} | VM_ o /1000 rpm 0sM00H2 1 511000 rpm | 1000 rpm JRW | Num us
00.004 |Deceleration Rate 1 02.021} § VM Agé)EtI? RATE 0.000 to VM_ACCEL_RATE 10.0 s/100 H. 2:000 0.200
i eceleration Rate {02.021} f VM_ e $/1000 rpm 08M00HZ | 511000 rpm | 11000 rpm JRW | Num us
A1 A2 (0), A1 Preset (1), A2 Preset (2), Preset (3), ek
00.005 |Reference Selector {01.014} Keypad (4), Precision (5), Keypad Ref (6) A1 A2 (0) / Preset (3) RW | Txt us
00.006 | Symmetrical Current Limit {04.007} 0.0 to VM_MOTOR1_CURRENT_LIMIT % 165.0 %" 175.0 %2 RW | Num RA us
Ur S (0), Ur (1),
Fixed (2),
00.007 Open-loop Control Mode {05.014} Ur Auto (3), Ur | (4), Url(4) RW | Txt us
Square (5)
Speed Controller Proportional Gain Kp1 ~ {03.010} 0.0000 to 200.000 s/rad 0.0300 s/rad ‘ 0.0100 s/rad  RW | Num us
Low Frequency Voltage Boost {05.015} 0.0t025.0 % 3.0% RW | Num us
00.008
Speed Controller Integral Gain Ki1 {03.011} 0.00 to 655.35 sZrad 0.10 s?/rad ‘ 1.00 s%rad |RW | Num us
Dynamic V to F Select {05.013} Off (0) or On (1) Off (0) RW | Bit us
00.009 g - ;
peed Controller Differential
Feedback Gain Kd 1 {03.012} 0.00000 to 0.65535 1/rad 0.00000 1/rad RW | Num us
Motor Rpm {05.004} +180000 rpm RO | Bit us
00.010
Speed Feedback {03.002} VM_SPEED rpm RO |Num|ND|NC| PT | FI
VM_SPEED_
00,091 | OV Frequency {05001} ] £REQ_REF Hz +2000.0 Hz RO |Num |ND [NC | PT | FI
P1 Position {03.029} 0 to 65535 RO |Num |ND|NC | PT | FI
00.012 | Current Magnitude {04.001} |  0.000 to VM_DRIVE_CURRENT_UNIPOLAR A RO | Bit IND|NC|PT| FI
00.013 | Torque Producing Current {04.002} VM_DRIVE_CURRENT A RO | Bit |[ND|NC|PT| FI
00.014 | Torque Mode Selector {04.011} Oor1 Oto5 0 RW | Num us
Fast (0),
00.015 |Ramp Mode {02.004} Standard (1), Fast (0), Standard (1) Standard (1) RW | Txt us
Std boost (2)
00.016 |Ramp Enable {02.002} Off (0) or On (1) On (1) RW | Bit us
00.01 Digital Input 6 Destination**** {08.026} | 00.000 to 59.999 06.031 RW | Num | DE PT | US
.017
Current Reference Filter 1 Time Constant {04.012} 0.0to 25.0 ms 0.0ms RW | Num us
00.018 |P1 Thermistor Fault Detection {03.123} None (0), Temperature (1), Temp or Short (2) None (0) RW | Txt us
4-20 mA Low (-4), 20-4 mA Low (-3),
. 4-20 mA Hold (-2), 20-4 mA Hold (-1),
00.019 |Analog Input 2 Mode {07.011} 0-20 mA (0), 20-0 mA (1), 4-20 mA Trip (2), Volt (6) RW | Txt us
20-4 mA Trip (3), 4-20 mA (4), 20-4 mA (5), Volt (6)
00.020 |Analog Input 2 Destination**** {07.014} 00.000 to 59.999 01.037 RW | Num | DE PT | US
M700, M701: Volt (6), Therm Short Cct (7), .
Thermistor (8), Therm No Trip (9) M700, M701: Vot (6)
00.021 |Analog Input 3 Mode**** {07.015} - RW | Txt us
M702: Therm Short Cct (7), Thermistor (8), M702: Disabled (10)
Therm No Trip (9), Disabled (10) .
00.022 |Bipolar Reference Enable {01.010} Off (0) or On (1) Off (0) RW | Bit us
00.023 |Jog Reference {01.005} 0.0 to 400.0 Hz 0.0 to 4000.0 rpm 0.0 RW | Num us
00.024 |Preset Reference 1 {01.021} VM_SPEED_FREQ_REF 0.0 RW | Num us
00.025 |Preset Reference 2 {01.022} VM_SPEED_FREQ_REF 0.0 RW | Num us
VM_SPEED_
00.026 Preset Reference 3 {01.023} FREQ_REF Hz 0.0 RW | Num us
Overspeed Threshold {03.008} 0 to 40000 rpm 0.0 RW | Num us
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Range Default
Parameter Type
oL RFC-A RFC-S oL RFC-A ‘ RFC-S
VM_SPEED_
00,027 Preset Reference 4 {01.024} FREQ_REF Hz 0.0 RW | Num us
P1 Rotary Lines Per Revolution {03.034} 1 to 100000 1024 ‘ 4096 RW | Num us
00.028 |Enable Auxiliary Key {06.013} [ Disabled (0), Forward/Reverse (1), Run Reverse (2) Disabled (0) RW | Txt us
00.029 NV Media Card File Previously {11.036} 0 to 999 RO | Num Ne | PT
Loaded
00.030 |Parameter Cloning {11.042} § None (0), Read (1), Program (2), Auto (3), Boot (4) None (0) RW | Txt NC us
00.031 |Drive Rated Voltage {11.033} 200V (0), 400 V (1), 575V (2), 690 V (3) RO | Txt |ND|NC|PT
00.032 | Maximum Heavy Duty Rating {11.032} 0.000 to 99999.999 A RO [Num [ND |NC | PT
Disable (0),
T Enable (1), .
Catch A Spinning Motor {06.009} Fwd Only (2), Disable (0) RW | Txt us
Rev Only (3)
00.033 Disgbled (0),
Classic Slow (1),
o Classic Fast (2), .
Rated Speed Optimisation Select {05.016} Combined (3). Disabled (0) RW | Txt us
VARs Only (4),
Voltage Only (5)
00.034 |User Security Code {11.030} 0to 2311 0 RW | Num |ND | NC | PT | US

82 NP (0), 81NP (1), 81EP (2),81OP (3),
82NP M (4),81NP M (5), 81EP M (6),
00.035 | Serial Mode* {11.024} | 810PM(7), 72NP (8), 7 1 NP (9), 7 1 EP (10), 82 NP (0) RW| Txt us
710P (1), 72NP M (12), 7 1 NP M (13),
71EP M (14), 7 1 OP M (15)

300 (0), 600 (1), 1200 (2), 2400 (3), 4800 (4),

00.036 |Serial Baud Rate* {11.025} 9600 (5), 19200 (6), 38400 (7), 57600 (8), 19200 (6) RW | Txt us
76800 (9), 115200 (10)

Serial Address* {11.023} 1to 247 1 RW | Num us
00.037

Active IP Address** {24.010} 0.0.0.0 to 255.255.255.255 RO | IP NC | PT
00.038 |Current Controller Kp Gain {04.013} 0 to 30000 20 150 RW | Num us
00.039 |Current Controller Ki Gain {04.014} 0 to 30000 40 2000 RW | Num us
00.040 | Auto-tune {05.012} 0to2 ‘ 0to5 ‘ 0to6 0 RW | Num NC

. - 2 kHz (0), 3 kHz (1), 4 kHz (2), 6 kHz (3), 8 kHz (4),

00.041 | Maximum Switching Frequency {05.018} 12 kHz (5), 16 kHz (6) 3 kHz (1) 6 kHz (3) JRW | Txt RA us
00.042 | Number Of Motor Poles {05.011} Automatic (0) to 480 Poles (240) Automatic (0) 6 Poles (3) fRW | Num us

Rated Power Factor**** {05.010} 0.000 to 1.000 0.850 RW [ Num RA us
00.043 0.0 to

Position Feedback Phase Angle {03.025} 3509 ° 0.0 ° RW | Num | ND us

200 V drive: 230 V
50 Hz default 400V drive: 400 V
00.044 |Rated Voltage {05.009} 0to VM_AC_VOLTAGE_SET V 60 Hz default 400V drive: 460 V RW | Num RA us
575V drive: 575 V
690 V drive: 690 V

50 Hz default: | 50 Hz default:
0to 1500 rpm 1450.00 rpm
00.045 |Rated Speed {05.008} 35040 rpm 0.00 to 33000.00 rpm 60 Hz default: | 60 Hz default: 3000.00 rpmRW | Num us
1800rpm 1750.00 rpm
00.046 |Rated Current {05.007} 0.000 to VM_RATED_CURRENT A Maximum Heavy Duty Rating (11.032) RW | Num RA us
Rated Frequency {05.008) | 00105990 Hz | 0.010550.0 Hz oz o RW | Num uUs
00.047 0to 98V /
Volts per 1000 rpm {05.033} 10000 V 1000 rom RW | Num us
/1000 rpm P!
00.048 |User Drive Mode {11.031} Open-loop (1), RFC-A (2), RFC-S (3), Regen (4) Open-loop (1) RFC-A (2) RFC-S (3) JRW | Txt |[ND |NC | PT
. Menu 0 (0), All Menus (1), Read-only Menu 0 (2),
00.049 |User Security Status {11.044} Read-only (3), Status Only (4), No Access (5) Menu 0 (0) RW | Txt | ND PT
00.050 |Software Version {11.029} 0 to 99999999 RO |Num|ND|NC | PT
00.051 |Action On Trip Detection {10.037} 0to 31 0 RW | Bin us
00.052 |Reset Serial Communications* {11.020} Off (0) or On (1) Off (0) RW | Bit |ND|NC
00.053 | Motor Thermal Time Constant 1 {04.015} 1.0t0 3000.0 s 89.0s RW | Num us
* Only applicable to Unidrive M701. ** Only applicable to Unidrive M700 / M702.
*** Only applicable to Unidrive M702. **** Only applicable to Unidrive M700 / M701.
*kkkk H H H H
‘ Following g rotating autotune Pr 00.043 {05.010} is continuously 1 For size 9 and above the default is 141.9 %.
written by the drive, calculated from the value of Stator Inductance
(Pr 05.025). To manually enter a value into Pr 00.043 {05.010}, 2 For size 9 and above the default is 150.0 %.
Pr 05.025 will need to be set to 0. Please refer to the description of
Pr 05.010 in the Parameter Reference Guide for further details.
RW |Read / Write RO [Read only Num | Number parameter Bit |Bit parameter Txt | Text string Bin |Binary parameter FI |Filtered
ND | No default value NC | Not copied PT |Protected parameter RA | Rating dependent US [User save PS |Power-down save DE [Destination
IP | IP address Mac |Mac address Date |Date parameter Time | Time parameter
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Figure 6-1 Menu 0 logic diagram (Unidrive M700 / 701)
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Figure 6-2 Menu 0 logic diagram (Unidrive M702)
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6.3 Parameter descriptions
6.3.1  Prmm.000

Pr mm.000 is available in all menus, commonly used functions are provided as text strings in Pr mm.000 shown in Table 6-1. The functions in
Table 6-1 can also be selected by entering the appropriate numeric values (as shown in Table 6-2) in Pr mm.000. For example, enter 4001 in
Pr mm.000 to store drive parameters on an NV Media Card.

Table 6-1 Commonly used functions in xx.000

Value Equivalent value String Action

0 0 [No Action]

1001 1 [Save parameters] Save parameters under all conditions

6001 2 [Load file 1] Load the drive parameters or user program file from NV Media Card file 001

4001 3 [Save to file 1] Transfer the drive parameters to parameter file 001

6002 4 [Load file 2] Load the drive parameters or user program file from NV Media Card file 002

4002 5 [Save to file 2] Transfer the drive parameters to parameter file 002

6003 6 [Load file 3] Load the drive parameters or user program file from NV Media Card file 003

4003 7 [Save to file 3] Transfer the drive parameters to parameter file 003

12000 8 ISL VAL BV ETT] Il Displays parameters that are different from defaults

12001 9 [Destinations] Displays parameters that are set

1233 10 [Reset 50Hz defs] Load parameters with standard (50 Hz) defaults

1244 11 [Reset 60Hz defs] Load parameters with US (60 Hz) defaults

1070 12 [Reset modules] Reset all option modules

11001 13 [Read enc. NP P1] Transfer electronic nameplate motor parameters to the drive from the P1 encoder

11051 14 [Read enc. NP P2] Transfer electronic nameplate motor parameters to the drive from the P2 encoder
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Table 6-2 Functions in Pr mm.000
Value Action
1000 save pargmeters when Under Voltage Active (Pr 10.016) is not active and Low Under Voltage Threshold Select mode (Pr 06.06W
is not active.
1001 Save parameters under all conditions
1070 |Reset all option modules
1233 |Load standard (50 Hz) defaults
1234 |Load standard (50 Hz) defaults to all menus except option module menus (i.e 15 to 20 and 24 to 28)
1244 |Load US (60 Hz) defaults
1245 |Load US (60 Hz) defaults to all menus except option module menus (i.e 15 to 20 and 24 to 28)
1253 |Change drive mode and load standard (50 Hz) defaults
1254  |Change drive mode and load US (60 Hz) defaults
1255 |Change drive mode and load standard (50 Hz) defaults except for menus 15 to 20 and 24 to 28
1256 |Change drive mode and load US (60 Hz) defaults except for menus 15 to 20 and 24 to 28
1299 |Reset {Stored HF} trip.
2001* |Create a boot file on a non-volatile media card based on the present drive parameters including all Menu 20 parameters
4yyy* [NV media card: Transfer the drive parameters to parameter file xxx
5yyy* |NV media card: Transfer the onboard user program to onboard user program file xxx
6yyy* |NV media card: Load the drive parameters from parameter file xxx or the onboard user program from onboard user program file xxx
7yyy* |NV media card: Erase file xxx
8yyy* |NV Media card: Compare the data in the drive with file xxx
9555* |NV media card: Clear the warning suppression flag
9666* |NV media card: Set the warning suppression flag
9777* |NV media card: Clear the read-only flag
9888* |NV media card: Set the read-only flag
9999* |NV media card: Erase and format the NV media card
59999 |Delete onboard user program
11081 Transfe_r elect_ronic nameplate data from an encoder connected to the P1 position feedback interface on the drive or option module in
slot ‘'S’ into drive parameters.
110S2 |As 110S1, but for the P2 position feedback interface
12000** |Only display parameters that are different from their default value. This action does not require a drive reset.
12001** |Only display parameters that are used to set-up destinations (i.e. DE format bit is 1). This action does not require a drive reset.
15xxx* | Transfer the user program in an option module installed in slot 1 to a non-volatile media card file xxx
16xxx* |Transfer the user program in an option module installed in slot 2 to a non-volatile media card file xxx
17xxx* | Transfer the user program in an option module installed in slot 3 to a non-volatile media card file xxx
18xxx* |Transfer the user program from file xxx in a non-volatile media card to an option module installed in slot 1.
19xxx* |Transfer the user program from file xxx in a non-volatile media card to an option module installed in slot 2.
20xxx* | Transfer the user program from file xxx in a non-volatile media card to an option module installed in slot 3.
21xxx* | Transfer the user program in an option module installed in slot 4 to a non-volatile media card file xxx.
22xxx* | Transfer the user program from file xxx in a non-volatile media card to an option module installed in slot 4.

* See Chapter 10 NV Media Card Operation on page 139 for more information on these functions.

** These functions do not require a drive reset to become active. All other functions require a drive reset to initiate the function. Equivalent values and
strings are also provided in the table above.
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6.4  Full descriptions RFC-A/RFC-S
Set Pr 00.001 at the required minimum motor speed for both directions
Table 6-3 Key to parameter table coding of rotation. The drive speed reference is scaled between Pr 00.001 and
Coding Attribute Pr 00.002.
RW Read/Write: can be written by the user T LN ) Maximum Reference Clamp
RO Read only: can only be read by the user RW Num | | | | | TS |
Bit 1 bit parameter. ‘On’ or ‘Off’ on the display
50Hz default: 50.0 H
Num |Number: can be uni-polar or bi-polar oL z ey . z
60Hz default: 60.0 Hz
Txt Text: the parameter uses text strings instead of numbers. 8 VM_POSITIVE_REF_ o [ 50Hz default. 1500.0 rpm
Bin |Binary parameter RFC-A CLAMP1 Hz / rom 60Hz default:1800.0 rpm
IP IP Address parameter RFC-S 3000.0 rpm
Mac |Mac Address parameter
Date |Date parameter (The drive has additional over-speed protection).
Time |Time parameter Open-loop
Chr Character parameter
. - i - - - Set Pr 00.002 at the required maximum output frequency for both
Fi F||Itered. so?:e pararr;]eters. WIh'Ch can h:ve r.aplcli(ly chanfglng directions of rotation. The drive speed reference is scaled between
values are filtered when displayed on the drive keypad for Pr 00.001 and Pr 00.002. [00.002] is a nominal value; slip compensation
easy.weyvmg. i _ may cause the actual frequency to be higher.
DE il?]izttlr;art;ggi.c'l;::CZiLameter selects the destination of an RFC-A / RFC-S
Rating dependent: this parameter is likely to have different Set Pr 00.002 at the required maximum motor speed for both directions
values and ranges with drives of different voltage and c|:)>f rg;agg;. The drive speed reference is scaled between Pr 00.001 and
current ratings. Parameters with this attribute will be r99.00s.
transferred to the destination drive by non-volatile storage For operating at high speeds see section 8.6 High speed operation on
RA |media when the rating of the destination drive is different page 109.
from the source drive and the file is a parameter file. 6.4.3 Ramps, speed reference selection, current
However, the values will be transferred if only the current o limit ’ ’
rating is different and the file is a difference from default type
file. R X Lk Acceleration Rate 1
ND Il:l)(;;jee;ault: The parameter is not modified when defaults are RW Num | | | | | S |
0.0 to VM_ACCEL_RATE
NG Not copied: not transferred to or from non-volatile media oL s100 Hz 5.0 s/100 Hz
during copying.
— . 0.000 to =
PT Protected: cannot be used as a destination. RFC-A ¢ VM ACCEL RATE 2.000 s/1000 rpm
us User save: parameter saved in drive EEPROM when the RFC-S "$/1000 rEm 0.200 s/1000 rpm
user initiates a parameter save.
PS Power-down save: parameter automatically saved in drive Set Pr 00.003 at the required rate of acceleration.
EEPROM when the under volts (UV) state occurs. Note that larger values produce lower acceleration. The rate applies in
both directions of rotation.
6.4.1 Parameter x.00
00.000 Parameter zero (WKL Z (17K VAVl Deceleration Rate 1
{mm.000} RW Num | | | | | us |
| | ND | NC | PT | | oL 0.0t VM_ACCEL_RATE 10.0 s/100 Hz
£ 0 to 65,535 = s/100 Hz
: RFC-A|$ 0.000 to = 2.000 s/1000 rpm
A VM_ACCEL_RATE
6.4.2 Speed limits RFC-S $/1000 rpm 0.200 /1000 rpm
(LD ARV 43 Minimum Reference Clamp
RW Num | | | | | usS | Set Pr 00.004 at the required rate of deceleration.
oL 0.0 Hz Note that larger values produce lower deceleration. The rate applies in
VM NEGATIVE REF both directions of rotation.
RFC-AI G| 'l AMP1 Hz/rpm |
0.0 rpm X R LK L W Reference Selector
RFC-S
RW Txt | | | | | us |
(When the drive is jogging, [00.001] has no effect.) oL AT A2 (O)
Open-loop A1 Preset (1),
Set Pr 00.001 at the required minimum output frequency of the drive for RFC-A 3 A2 Preset (2)*, o | M700/M701: A1 A2 (0)
both directions of rotation. The drive speed reference is scaled between Preset (3), Keypad (4), M702: Preset (3)
Pr 00.001 and Pr 00.002. [00.001] is a nominal value; slip compensation RFC-S Precision (5),
may cause the actual frequency to be higher. Keypad Ref (6)

* Available on Unidrive M700 / M701 only.
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Use Pr 00.005 to select the required frequency/speed reference as RFC-A/ RFC-S

Pr 00.007 (03.010) operates in the feed-forward path of the speed-

Setting Description control loop in the drive. See Figure 12-4 on page 166 for a schematic of
A 0 Analog pUt 1 OR analog Input 2 selectable by theT spee](c;l cont(rjc;\ller. Fog igform'atio'n on setting gp the speed controller
digital input, terminal 28 gains, refer to Chapter ptimization on page 95.
A1 Preset 1 |Analog !nput 1 OR preset frequency/speed LIl Low Frequency Voltage Boost (OL)
A2 Preset* 2 |Analog input 2 OR preset frequency/speed 00,008 {03,011 — — T Oae
Preset (3) 3 |Pre-set frequency/speed ’ {03.011} peed Controller Integral Gain Ki1 ( )
Keypad (4) 4 |Keypad mode RW Num | | | | | Us |
Precision (5) | 5 |Precision reference oL ¢ 0.0t025.0 % = 3.0%
Keypad Ref (6) | 6 |Keypad Reference RFC-A 0.10 s2/rad
) .
* Available on Unidrive M700 /M701 only. RFcs | U| 0001065535 s%rad | = 100 irad
Open-loop

WURLR(ZN 1Pl Symmetrical Current Limit
RW Num | | | | | us |

oL 165.0 %

0.0 to VM_MOTOR1_

RFC-A|$ CURRENT_LIMIT %

RFC-S

175.0 %

Pr 00.006 limits the maximum output current of the drive (and hence
maximum motor torque) to protect the drive and motor from overload.

Set Pr 00.006 at the required maximum torque as a percentage of the
rated torque of the motor, as follows:

TR
x 100 (%)
RATED

[00.006] = 7

Where:
Tr Required maximum torque
TraTED Motor rated torque

Alternatively, set Pr 00.006 at the required maximum active (torque-
producing) current as a percentage of the rated active current of the
motor, as follows:

le x 100 (%)
RATED

[00.006] =

Where:
IR Required maximum active current
IraTED Motor rated active current

6.4.4 Voltage boost, (open-loop), Speed-loop PID
gains (RFC-A / RFC-S)

LD EXA TV Open-loop Control Mode (OL)

WX L[/}l Speed Controller Proportional Gain Kp1 (RFC)

RW Txt/ us

Num
Ur S (0), Ur (1),

oL {¢ |Fixed (2), Ur Auto (3), |= Url (4)
Ur | (4), Square (5)

RFC-A 0.0300 s/rad

{¢ 10.0000 to 200.000 s/rad | =
RFC-S 0.0100 s/rad
Open-loop

There are six voltage modes available, which fall into two categories,
vector control and fixed boost. For further details, refer to Pr 00.007
{05.014} Open Loop Control Mode on page 96.

When Open-loop Control Mode (00.007) is set at Fd or SrE, set
Pr 00.008 (05.015) at the required value for the motor to run reliably at
low speeds.

Excessive values of Pr 00.008 can cause the motor to be overheated.

RFC-A/ RFC-S

Pr 00.008 (03.011) operates in the feed-forward path of the speed-
control loop in the drive. See Figure 12-4 on page 166 for a schematic of
the speed controller. For information on setting up the speed controller
gains, refer to Chapter 8 Optimization on page 95.

WLOLER(LX kYl Dynamic V to F Select (OL)

Speed Controller Differential Feedback Gain
Kd 1 (RFC)

00.009 {03.012}

RW ' | | | [US]
oL ¢ off(0)oron(1) | Off (0)
RFC-A

0.00000 to > 0.00000 1/rad
RFC-S 0.65535 1/rad
Open-loop

Set Pr 00.009 (05.013) at 0 when the V/f characteristic applied to the
motor is to be fixed. It is then based on the rated voltage and frequency
of the motor.

Set Pr 00.009 at 1 when reduced power dissipation is required in the
motor when it is lightly loaded. The V/f characteristic is then variable
resulting in the motor voltage being proportionally reduced for lower
motor currents. Figure 6-3 shows the change in V/f slope when the
motor current is reduced.

RFC-A / RFC-S

Pr 00.009 (03.012) operates in the feedback path of the speed-control
loop in the drive. See Figure 12-4 Menu 3 RFC-A, RFC-S logic diagram
on page 166 for a schematic of the speed controller. For information on
setting up the speed controller gains, refer to Chapter 8 Optimization on
page 95.
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Figure 6-3 Fixed and variable V/f characteristics component and a reactive component, which can form a resultant
current vector as shown in the following diagram.
Active Total current
Motor current A
voltage
0.09=1
AC supply
voltage 4
I: IMOTOR
0.09=0 —
Magnetising c'urrent
The active current is the torque producing current and the reactive
current is the magnetizing or flux-producing current.
Frequency
[(OY RN 1748 Torque Producing Current
RO Bit Fl | | ND | NC | PT | |
6.4.5 Monitoring oL
(UL R{CRIS ) Motor Rpm RFC-A | {f | VM_DRIVE_CURRENT A |>
RO Bit | | | | | us | RFC-S
oL | +180000 rpm =
Open-loo When the motor is being driven below its rated speed, the torque is
P P proportional to [00.013].

Pr 00.010 (05.004) indicates the value of motor speed that is estimated

from the following:

02.001 Post Ramp Reference
00.042 Number Of Motor Poles

6.4.6 Jog reference, Ramp mode selector, Stop and
torque mode selectors

Pr 00.014 is used to select the required control mode of the drive as

(VRGN IV} 3 Speed Feedback follows:
RO Num [ FI | | ND | NC | PT | |
T (OB XAk Torque Mode Selector
3 VM_SPEED rpm = RW | Num | | | [ [US]
RFC-S oL ¢ Oor1 = 0
RFC-A /| RFC-S RFC-A
— . . ¢ Oto5 = 0
Pr 00.010 (03.002) indicates the value of motor speed that is obtained RFC-S
from the speed feedback.
WORGEROEN DYl Output Frequency (OL) Setting Open-Loop RFC-A/S
(WGOIER(EX I }SP1 Position (RFC) 0 Frequency control Speed control
RO Num | FI | | ND | NG | PT | | 1 Torque control Torque control
oL 2 Torque control with speed override
VM_SPEED_FREQ_ - -
¢ = 3 Coiler/uncoiler mode
RFC-A REF Hz .
4 Speed control with torque feed-
RFC-S |{ 0 to 65535 = forward
5 Bi-directional torque control with
Open-loop and RFC-A speed override

Pr 00.011 displays the frequency at the drive output.

RFC-S

Pr 00.011 displays the position of the encoder in mechanical values of 0
to 65,535. There are 65,536 units to one mechanical revolution.

[V PR(ZX I Current Magnitude
RO Bit Fl | | ND | NC | PT | |
oL
0.000 to
RFC-A | {3 | VM_DRIVE_CURRENT_ |=
UNIPOLAR A
RFC-S

Pr 00.012 displays the rms value of the output current of the drive in
each of the three phases. The phase currents consist of an active

WVOKER{17X1Z 8 Ramp Mode Select
RW Txt | | |

03]
Fast (0), Standard (1),
oL ¢ Std boost (2) = Standard (1)
RFC-A
{#| Fast(0), Standard (1) |= Standard (1)
RFC-S

Pr 00.015 sets the ramp mode of the drive as shown below:

0: Fast ramp
Fast ramp is used where the deceleration follows the programmed

deceleration rate subject to current limits. This mode must be used if a
braking resistor is connected to the drive.
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1: Standard ramp RFC-A / RFC-S

Standard ramp is used. During deceleration, if the voltage rises to the
standard ramp level (Pr 02.008) it causes a controller to operate, the
output of which changes the demanded load current in the motor. As the
controller regulates the link voltage, the motor deceleration increases as
the speed approaches zero speed. When the motor deceleration rate
reaches the programmed deceleration rate the controller ceases to
operate and the drive continues to decelerate at the programmed rate. If
the standard ramp voltage (Pr 02.008) is set lower than the nominal DC
bus level the drive will not decelerate the motor, but it will coast to rest.
The output of the ramp controller (when active) is a current demand that
is fed to the frequency changing current controller (Open-loop modes) or
the torque producing current controller (RFC-A or RFC-S modes). The
gain of these controllers can be modified with Pr 00.038 and Pr 00.039.

Controller
operational

DC Bus voltage

Motor Speed

Programmed
deceleration

rate

2: Standard ramp with motor voltage boost

This mode is the same as normal standard ramp mode except that the
motor voltage is boosted by 20 %. This increases the losses in the
motor, dissipating some of the mechanical energy as heat giving faster
deceleration.

A first order filter, with a time constant defined by Pr 00.017, is provided
on the current demand to reduce acoustic noise and vibration produced
as a result of position feedback quantisation noise. The filter introduces
alag in the speed loop, and so the speed loop gains may need to be
reduced to maintain stability as the filter time constant is increased.

P1 Thermistor Fault Detection
RW | Txt | L1

oL
None (0)
RFC-A|{§ Temperature (1) = Temperature (1)
Temperature and short (2)
RFC-S

Defines the fault detection for the P1 thermistor input:

P1 Thermistor Fault Detection (03.123) Fault detection

0: None

No detection active

1: Temperature Over temperature detection

Over temperature and short

2: Temp and short circuit detection

If over temperature detection is enabled a Thermistor.001 trip is initiated
if P1 Thermistor Feedback (03.119) is above the level defined by P1
Thermistor Trip Threshold (03.120). The trip cannot be reset until P1
Thermistor Feedback (03.119) is below P1 Thermistor Reset Threshold
(03.121).

If short circuit detection is enabled then a Th Short Circuit.001 is initiated
if P1 Thermistor Feedback (03.119) is below 50 Ohms.

R (X 728 Ramp Enable
RW Bit ! ! T

| US |
oL |§ =
RFC-A
& Off (0) or On (1) = Oon (1)
RFC-S

Setting Pr 00.016 to O allows the user to disable the ramps. This is
generally used when the drive is required to closely follow a speed
reference which already contains acceleration and deceleration ramps.

AR R(IFA KL Analog Input 2 Mode*
RW Num | | | | | US|
oL 4-20 mA Low (-4),
20-4 mA Low (-3),
RFC-A 4-20 mA Hold (-2),
20-4 mA Hold (-1),
g 0-20 mA (0), 20-0 mA (1), = Vot (6)

RFC-S 4-20 mA Trip (2),

20-4 mA Trip (3), 4-20 mA

(4), 20-4 mA (5), Volt (6)

* Not applicable to Unidrive M702.

In modes 2 and 3 a current loop loss trip is generated if the current falls
below 3 mA.

In modes -4, -3, 2 and 3 the analog input level goes to 0.0 % if the input
current falls below 3 mA.

In modes -2 and -1 the analog input remains at the value it had in the

{ggg;z} Digital Input 6 Destination* previous sample before the current fell below 3mA.
’ Pr Value Pr string Comments
RW | Num |DE| | |PT|US|
4 4-20 MA L. 4-20 mA low value on current
oL|{ 00.000 to 59.999 = 06.031 B -20 mA Low loss (1)
N . L 20-4 mA low value on current
Not applicable to Unidrive M702. -3 20-4 mA Low loss (1)
Open-loop A 420 A Hold 4-20 mA hold at level before
Pr 00.017 sets the destination of digital input T29. B -<U MA Ho loss on current loss
XU r W Current Reference Filter Time Constant -1 20-4 mA Hold 20-4 mA hold at level before
loss on current loss
RW__ | Num L || US| 0 0-20 mA
RFC-A 1 20-0 mA
T 0.0 to 25.0 ms = 0.0 ms 0-0 mA :
RFC-S 2 4-20 mA Trip 4-20 mA trip on current loss
3 20-4 mA Trip 20-4 mA trip on current loss
4 4-20 mA
5 20-4 mA
6 Volt
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(VOPIR(YAX VI Analog Input 2 Destination* (K2R KN VAVl Preset Reference 1

RW Num | DE | | | PT | us | RW Num | | | | | us |
oL oL
RFC-A|{!| 00.000t059.999 |= 01.037 RFCA|g| VMSPEEDFREQ o 0.0
RFC-S RFC-S
* Not applicable to Unidrive M702.
Pr 00.020 sets the destination of analog input 2. ARl St Reference 2
RW Num | | | | us |
(VO PAR( YA XY Analog Input 3 Mode* oL
RW_| Tt L | | US| RFC-A|g| VM-SPEED_FREQ_ o, 0.0
oL REF ’
Volt (6), Therm Short Cct RFC-S
RFC-A|{§ (7), Thermistor (8), = Volt (6)
Therm No Trip (9)
RFC-S (PR (L N17%) 3 Preset Reference 3 (OL)
* Not applicable to Unidrive M702. (KPR 1133l Overspeed Threshold (RFC)
RW Num | | | | us |

Pr value Pr string Comments oL 8 VM_SPEED_FREQ_

5 VoIt REF Hz

Temperature measurement input with RFC-A = 00
7 Therm Short Cct o i ¢ 0 to 40000 rpm

short circuit detection RFC-S
8 Thermistor Temperature measurement without short Oponoop

circuit detection

9 Therm No Trip Temperature measurement input with no

If the preset reference has been selected (see Pr 00.005), the speed at
which the motor runs is determined by these parameters.

The frequency/speed limits affect the drive when jogging as follows:

trips
RFC-A/ RFC-S
(K70 AN (1} Bipolar Reference Enable If the speed feedback (Pr 00.010) exceeds this level in either direction,
RW Bit | | | | | VS | an overspeed trip is produced. If this parameter is set to zero, the
oL overspeed threshold is automatically set to 120 % x
SPEED_FREQ_MAX.
RFC-A|{§ OFF (0) or On (1) = OFF (0)
BECE LDV N17ZY Il Preset Reference 4 (OL)
WPy KXYyl P1 Rotary Lines Per Revolution (RFC)
Pr 00.022 determines whether the reference is uni-polar or bi-polar as RW Num | | | | us |
follows:
VM_SPEED_FREQ
oL - " - |= 0.0
Pr 00.022 Function ¢ REF Hz
RFC-A 1024
0 Unipolar speed/frequency reference [ A RFC-S ¢ 1to 100000 = 2096
Open-loop
1 Bipolar speed/frequency reference PR VA, Refer to Pr 00.024 to Pr 00.026
RFC-A/ RFC-S
Enter in Pr 00.027 the number of lines per revolution of the drive
(VORI Jog Reference encoder.
RW Num | | | | | us |
oL T 0.0 104000 Hz = 0.0 (KRG Enable Auxiliary Key
RW Txt | | | | | us |
RFC-A
4 0.0 to 4000.0 rpm = 0.0 oL Disabled (0)
RFC- ’
S RFC-A | {% Forward/Reverse (1), |= Disabled (0)
Enter the required value of jog frequency/speed. RFC-S Run Reverse (2)

When a keypad is installed, this parameter enables the forward/reverse

key.

Frequency-limit parameter Limit applies
Pr 00.001 Minimum reference clamp No
Pr 00.002 Maximum reference clamp Yes
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Open-loop

When the drive is enabled with Pr 00.033 = 0, the output frequency

starts at zero and ramps to the required reference. When the drive is

oL enabled when Pr 00.033 has a non-zero value, the drive performs a
start-up test to determine the motor speed and then sets the initial output

RFC-A | {} 0 to 999 = -
frequency to the synchronous frequency of the motor. Restrictions may

RFC-S be placed on the frequencies detected by the drive as follows:

This parameter shows the number of the data block last transferred from Pr 00.033 Pr string Function

a NV Media Card to the drive. 0 Disable |Disabled

. 1 Enable Detect all frequencies
AL R VI i Parameter Cloning 2 Fwd only |Detect positive frequencies only
RW Txt | | | NC | | us* | 3 Rev only |Detect negative frequencies only
oL
None (0), Read (1), RFC-A
RFC-A|{} | Program (2), Auto (3), |= None (0) -
Boot (4) The Rated Frequency (00.047) and Rated Speed (00.045) are used to
RFC-S define the rated slip of the motor. The rated slip is used in sensorless

* Only a value of 3 or 4 in this parameter is saved.

NOTE

If Pr 00.030 is equal to 1 or 2 this value is not transferred to the
EEPROM or the drive. If Pr 00.030 is set to a 3 or 4 the value is
transferred.

Pr String |Pr value Comment
None 0 Inactive
Read 1 Read parameter set from the NV Media Card
Program 2 Programming a parameter set to the NV Media
Card
Auto 3 Auto save
Boot 4 Boot mode

For further information, please refer to Chapter 10 NV Media Card
Operation on page 139.

(VDY RGLOEX ) Drive Rated Voltage
RO Txt | | ND | NC | PT | |

oL

- 200 V (0), 400 V (1),
RFC-A| | ‘s75v(2) 690V (3) |~
RFC-S

Pr 00.031 indicates the voltage rating of the drive.

(IEYRE AKXyl Maximum Heavy Duty Rating
RO Num | | ND | NC | PT | |

oL
RFC-A | {
RFC-S

0.000t0 99999.999 A |=

Pr 00.032 indicates the maximum continuous Heavy Duty current rating.

WOVGEER(KD I Catch A Spinning Motor (OL)

[VORER(ENE Yl Rated Speed Optimisation Select (RFC-A)

RW Txt | | | | | US|

Disable (0), Enable (1),
Fwd Only (2), =
Rev Only (3)

oL 03 Disable (0)

Disabled (0),
Classic Slow (1),
Classic Fast (2),

U Combined (3), =
VARs Only (4),
Voltage Only (5)

RFC-A Disabled (0)

mode (Sensorless Mode Active (03.078) = 1) to correct the motor speed
with load. When this mode is active Rated Speed Optimisation Select
(00.033) has no effect.

If sensorless mode is not active (Sensorless Mode Active (03.078) = 0)
the rated slip is used in the motor control algorithm and an incorrect
value of slip can have a significant effect on the motor performance. If
Rated Speed Optimisation Select (00.033) = 0 then the adaptive control
system is disabled. However, if Rated Speed Optimisation Select
(00.033) is set to a non-zero value the drive can automatically adjust the
Rated Speed (00.045) to give the correct value of rated slip. Rated
Speed (00.045) is not saved at power-down, and so when the drive is
powered-down and up again it will return to the last value saved by the
user. The rate of convergence and the accuracy of the adaptive
controller reduces at low output frequency and low load. The minimum
frequency is defined as a percentage of Rated Frequency (00.047) by
Rated Speed Optimisation Minimum Frequency (05.019). The minimum
load is defined as a percentage of rated load by Rated Speed
Optimisation Minimum Load (05.020). The adaptive controller is enabled
when a motoring or regenerative load rises above Rated Speed
Optimisation Minimum Load (05.020) + 5 %, and is disabled again when
it falls below Rated Speed Optimisation Minimum Load (05.020). For
best optimisation results the correct values of Stator Resistance
(05.017), Transient Inductance (05.024), Stator Inductance (05.025),
Saturation Breakpoint 1 (05.029), Saturation Breakpoint 2 (05.062),
Saturation Breakpoint 3 (05.030) and Saturation Breakpoint 4 (05.063)
should be used.

WIOEZ RG]}l User security code
RW Num | |

ND | NC | PT | US |
oL
RFC-A|{ 0 to 2311 = 0
RFC-S

If any number other than 0 is programmed into this parameter, user
security is applied so that no parameters except Pr 00.049 can be
adjusted with the keypad. When this parameter is read via a keypad it
appears as zero. For further details refer to section 5.9.3 User Security
Code on page 46.
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* Only applicable to Unidrive M701.

This parameter defines the communications protocol used by the
EIA485 comms port on the drive. This parameter can be changed via the
drive keypad, via a Solutions Module or via the comms interface itself. If
it is changed via the comms interface, the response to the command
uses the original protocol. The master should wait at least 20 ms before
send a new message using the new protocol. (Note: ANSI uses 7 data
bits, 1 stop bit and even parity; Modbus RTU uses 8 data bits, 2 stops
bits and no parity).

Safety Product Mechanical Electrical Getting Basic Running Optimizati Drive NV Media Card | Onboard | Advanced Di . UL
information | information | installation installation started parameters the motor ptimization communication Operation PLC parameters iagnostics information
(VKL RG LN 7Z Yl Serial Mode* Register mode Register address

RW Txt | | | | | US| Standard (mm x 100) + ppp - 1 where mm < 162 and ppp < 99
oL 82 NP (0), 8 1 NP (1), Modified (mm x 256) + ppp - 1 where mm < 63 and ppp < 255
8 1EP (2),81 0P (3), ) ; ; ;
RFC-A 82 NP M (4), Changing the parameters does not immediately change the serial
81 NP M (5) communications settings. See Reset Serial Communications (11.020)
81EP M (6) for more details.
810PM(7), 72 NP (8), (ELREEN L W Serial Baud Rate*
¢ 7 1NP (9),71EP (10), = 82NP(0) { }
RFC-S 710P (11), RW | T | | | US|
72NP M (12), oL 300 (0), 600 (1), 1200 (2),
71 NP M (13), 2400 (3), 4800 (4),
71EP M (14), RFC-A|#| 9600 (5), 19200 (6), |= 19200 (6)
71 0P M (15) RFC-S 38400 (7), 57600 (8),
76800 (9), 115200 (10)

* Only applicable to Unidrive M701.

This parameter can be changed via the drive keypad, via a Solutions
Module or via the comms interface itself. If it is changed via the comms
interface, the response to the command uses the original baud rate. The
master should wait at least 20 ms before send a new message using the
new baud rate.

WY RG LN VX)W Serial Address*
RW Num | | | |
oL

The core drive always uses the Modbus rtu protocol and is always a
slave. Serial Mode (00.035) defines the data format used by the serial
comms interface. The bits in the value of Serial Mode (00.035) define the
data format as follows. Bit 3 is always O in the core product as 8 data bits
are required for Modbus rtu. The parameter value can be extended in
derivative products which provide alternative communications protocols
if required.

Bits 3 2

1and 0

Stop bits and Parity

0 = 2 stop bits, no parity
1 =1 stop bit, no parity

2 = 1 stop bit, even parity
3 = 1 stop bit, odd parity

Number of data bits
0 = 8 bits
1 =7 bits

Register mode
0 = Standard
1 = Modified

Format

Bit 2 selects either standard or modified register mode. The menu and
parameter numbers are derived for each mode as given in the following
table. Standard mode is compatible with Unidrive SP. Modified mode is
provided to allow register numbers up to 255 to be addressed. If any
menus with numbers above 63 should contain more than 99 parameters,
then these parameters cannot be accessed via Modbus rtu.

| US |

Pr Value Pr String

0 82NP RFC-A| {8 1to 247 = 1

1 8 1 NP

2 81EP RFC-S

3 810P * Only applicable to Unidrive M701.

4 82NP M Used to define the unique address for the drive for the serial interface.

o 8 1NPM The drive is always a slave address 0 is used to globally address all

6 81EPM slaves, and so this address should not be set in this parameter

! 810PM WVOEYRPZ X k[Pl Active IP Address*

8 72 NP

RO 1P | | | NC | PT | |
9 71NP
10 71EP oL 00001
.0.0.0 to

" 710P RFC-AIS | os5o55055285 |

12 72NPM RFC-S

13 71NPM

14 71EPM * Only applicable to Unidrive M700 and Unidrive M702.

15 710PM

(kL R{IZX kY Current Controller Kp Gain
RW Num | | | |
oL

| US |
20
RFC-A | {§ 0 to 30000 =
150
RFC-S
(VR R(IZAA LY Current Controller Ki Gain
RW Num | | | | | us |
oL ¢ = 40
RFC-A 0 to 30000
= 2000
RFC-S

These parameters control the proportional and integral gains of the
current controller used in the open loop drive. The current controller
either provides current limits or closed loop torque control by modifying
the drive output frequency. The control loop is also used in its torque
mode during line power supply loss, or when the controlled mode
standard ramp is active and the drive is decelerating, to regulate the flow
of current into the drive.
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00.040
{05.012} Auto-tune
RW Num | | | NC | | |

oL { 0to2 =

RFC-A|{ 0to5 = 0

RFC-S | {¢ Oto6 =
Open-Loop

There are two autotune tests available in open loop mode, a stationary
and a rotating test. A rotating autotune should be used whenever
possible so the measured value of power factor of the motor is used by
the drive.

+ A stationary autotune can be used when the motor is loaded and it is
not possible to remove the load from the motor shaft. The stationary
test measures the Stator Resistance (05.017), Transient Inductance
(05.024), Maximum Deadtime Compensation (05.059) and Current
At Maximum Deadtime Compensation (05.060) which are required
for good performance in vector control modes (see Open Loop
Control Mode (00.007), later in this table). The stationary autotune
does not measure the power factor of the motor so the value on the
motor nameplate must be entered into Pr 00.043. To perform a
Stationary autotune, set Pr 00.040 to 1, and provide the drive with
both an enable signal (terminal 31 on Unidrive M700 / M701 and
terminal 11 and 13 on Unidrive M702) and a run signal (terminal 26
or 27 on Unidrive M700 / M701 and terminal 7 or 8 on
Unidrive M702).

» Arotating autotune should only be used if the motor is unloaded. A
rotating autotune first performs a stationary autotune, as above, then
a rotating test is performed in which the motor is accelerated with
currently selected ramps up to a frequency of Rated Frequency
(05.006) x 2/3, and the frequency is maintained at that level for 4
seconds. Stator Inductance (05.025) is measured and this value is
used in conjunction with other motor parameters to calculate Rated
Power Factor (00.043). To perform a Rotating autotune, set
Pr 00.040 to 2, and provide the drive with both an enable signal
(terminal 31 on Unidrive M700/ M701 and terminal 11 & 13 on
Unidrive M702) and a run signal (terminal 26 or 27 on Unidrive M700
/M701 and terminal 7 or 8 on Unidrive M702).

Following the completion of an autotune test the drive will go into the
inhibit state. The drive must be placed into a controlled disable condition
before the drive can be made to run at the required reference. The drive
can be put in to a controlled disable condition by removing the Safe
Torque Off signal from terminal 31 on Unidrive M700 / M701 and
terminal 11 & 13 on Unidrive M702, setting the Drive Enable (06.015) to
OFF (0) or disabling the drive via the Control Word (06.042) and Control
Word Enable (06.043).

RFC-A

There are four autotune tests available in RFC-A mode, a stationary test,
a rotating test, two mechanical load measurement tests. A stationary
autotune will give moderate performance whereas a rotating autotune
will give improved performance as it measures the actual values of the
motor parameters required by the drive. A mechanical load
measurement test should be performed separately to a stationary or
rotating autotune.

NOTE

It is highly recommended that a rotating autotune is performed
(Pr 00.040 set to 2).

+ A stationary autotune can be used when the motor is loaded and it is
not possible to remove the load from the motor shaft. The stationary
autotune measures the Stator Resistance (05.017) and Transient
Inductance (05.024) of the motor. These are used to calculate the
current loop gains, and at the end of the test the values in Pr 00.038
and Pr 00.039 are updated. A stationary autotune does not measure
the power factor of the motor so the value on the motor nameplate

must be entered into Pr 00.043. To perform a Stationary autotune,
set Pr 00.040 to 1, and provide the drive with both an enable signal
(terminal 31 on Unidrive M700/ M701 and terminal 11 & 13 on
Unidrive M702) and a run signal (terminal 26 or 27 on Unidrive M700
/M701 and terminal 7 or 8 on Unidrive M702).

« Arotating autotune should only be used if the motor is unloaded. A
rotating autotune first performs a stationary autotune, a rotating test
is then performed which the motor is accelerated with currently
selected ramps up to a frequency of Rated Frequency (00.047) x 2/
3, and the frequency is maintained at the level for up to 40 s. During
the rotating autotune the Stator Inductance (05.025), and the motor
saturation breakpoints (Pr 05.029, Pr 05.030, Pr 06.062 and
Pr 05.063) are modified by the drive. The Motor Rated Power Factor
(00.043) is also modified by the Stator Inductance (05.025). The No-
Load motor core losses are measured and written to No-Load Core
Loss (04.045). To perform a Rotating autotune, set Pr 00.040 to 2,
and provide the drive with both an enable signal (terminal 31 on
Unidrive M700 / M701 and terminal 11 and 13 on Unidrive M702)
and a run signal (terminal 26 or 27 on Unidrive M700 / M701 and
terminal 7 or 8 on Unidrive M702).

Following the completion of an autotune test the drive will go into the
inhibit state. The drive must be placed into a controlled disable condition
before the drive can be made to run at the required reference. The drive
can be put in to a controlled disable condition by removing the Safe
Torque Off signal from terminal 31 on Unidrive M700 / M701 and
terminal 11 and 13 on Unidrive M702, setting the Drive Enable (06.015)
to OFF (0) or disabling the drive via the control word (Pr 06.042 &

Pr 06.043).

RFC-S

There are five autotune tests available in RFC-S mode, a stationary
autotune, a rotating autotune, two mechanical load measurement tests
and a locked rotor test to measure load dependent parameters.

«  Stationary Autotune

The stationary autotune can be used when the motor is loaded and it is
not possible uncouple the load from motor shaft. This test can be used to
measure all the necessary parameters for basic control. During the
stationary autotune, a test is performed to locate the flux axis of the
motor. However this test may not be able to calculate such an accurate
value for the Position Feedback Phase Angle (00.043) as compared to
rotating autotune. A stationary test is performed to measure Stator
Resistance (05.017), Ld (05.024), Maximum Deadtime Compensation
(05.059), Current At Maximum Deadtime Compensation (05.060), No
Load Lq (05.072). If Enable Stator Compensation (05.049) = 1 then
Stator Base Temperature (05.048) is made equal to Stator Temperature
(05.046). The Stator Resistance (05.017) and the Ld (05.024) are then
used to set up Current controller Kp Gain (00.038) and Current
Controller Ki Gain (00.039). If sensorless mode is not selected then
Position Feedback Phase Angle (00.043) is set up for the position from
the position feedback interface selected with Motor Control Feedback
Select (03.026). To perform a Stationary autotune, set Pr 00.040 to 1,
and provide the drive with both an enable signal (terminal 31 on Unidrive
M700/M701 and terminal 11 & 13 on Unidrive M702) and a run signal
(terminal 26 or 27 on Unidrive M700 / M701 and terminal 7 or 8 on
Unidrive M702).

* Rotating Autotune

The rotating autotune must be performed on unloaded motor. This test
can be used to measure all the necessary parameters for the basic
control and parameters for cancelling the effects of the cogging torque.

During the rotating autotune, Rated Current (00.046) is applied and the
motor is rotated by 2 electrical revolutions (i.e. up to 2 mechanical
revolutions) in the required direction. If sensorless mode is not selected
then the Position Feedback Phase Angle (00.043) is set-up for the
position from the position feedback interface selected with Motor Control
Feedback Select (03.026). A stationary test is then performed to
measure Stator Resistance (05.017), Ld (05.024), Maximum Deadtime
Compensation (05.059), Current At Maximum Deadtime Compensation
(05.060) and No Load Lq (05.072). Stator Resistance (05.017) and Ld
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(05.024) are used to set up Current Controller Kp Gain (00.038) and
Current Controller Ki Gain (00.039). This is only done once during the
test, and so the user can make further adjustments to the current
controller gains if required. To perform a Rotating autotune, set

Pr 00.040 to 2, and provide the drive with both an enable signal
(terminal 31 on Unidrive M700/ M701 and terminal 11 and 13 on
Unidrive M702) and a run signal (terminal 26 or 27 on Unidrive M700 /
M701 and terminal 7 or 8 on Unidrive M702).

00.041 ) —
{05.018} Maximum Switching Frequency
oL 2 kHz (0), 3 kHz (1),
RFCA| 4kHz (2), 6 kHz (3), |= 3 kHz (1)
8 kHz (4), 12 kHz (5),
RFC-S 16 kHz (6) = SRz 3)

This parameter defines the required switching frequency. The drive may
automatically reduce the actual switching frequency (without changing
this parameter) if the power stage becomes too hot. A thermal model of
the IGBT junction temperature is used based on the heatsink
temperature and an instantaneous temperature drop using the drive
output current and switching frequency. The estimated IGBT junction
temperature is displayed in Pr 07.034. If the temperature exceeds

135 °C the switching frequency is reduced if this is possible (i.e >3 kHz).
Reducing the switching frequency reduces the drive losses and the
junction temperature displayed in Pr 07.034 also reduces. If the load
condition persists the junction temperature may continue to rise again
above 145 °C and the drive cannot reduce the switching frequency
further the drive will initiate an ‘OHt Inverter’ trip. Every second the drive
will attempt to restore the switching frequency to the level set in

Pr 00.041.

The full range of switching frequencies is not available on all ratings of
Unidrive M. See section 8.5 Switching frequency on page 109, for the
maximum available switching frequency for each drive rating.

6.4.7 Motor parameters

(WK ZyROLX AP Number Of Motor Poles
RW Num | | | |

| US|
oL N
; Automatic (0)
Automatic (0) to
RFC-A|§ 480 Poles (240)
RFC-S = 6 Poles (3)
Open-loop

This parameter is used in the calculation of motor speed, and in applying
the correct slip compensation. When Automatic (0) is selected, the
number of motor poles is automatically calculated from the Rated
Frequency (00.047) and the Rated Speed rpm (00.045). The number of
poles = 120 * rated frequency / rpm rounded to the nearest even
number.

RFC-A

This parameter must be set correctly for the vector control algorithms to
operate correctly. When Automatic (0) is selected, the number of motor
poles is automatically calculated from the Rated Frequency (00.047) and
the Rated Speed (00.045) rpm. The number of poles = 120 * rated
frequency / rpm rounded to the nearest even number.

RFC-S

This parameter must be set correctly for the vector control algorithms to
operate correctly. When Automatic (0) is selected the number of poles is
setto 6.

(VX R(LNL 1} Rated Power Factor (OL)
(VX R(x X171yl Position Feedback Phase Angle (RFC)

RW  [Num| ] ] ] ] US|
oL ¢ 0.000 to 1.000 = 0.850
RFC-A |{ 0.000 to 1.000 = 0.850
RFC-S |§| 00103599°  |= 0.0°

The power factor is the true power factor of the motor, i.e. the angle
between the motor voltage and current.

Open-loop

The power factor is used in conjunction with the motor rated current

(Pr 00.046) to calculate the rated active current and magnetizing current
of the motor. The rated active current is used extensively to control the

drive, and the magnetizing current is used in vector mode Rs
compensation. It is important that this parameter is set up correctly.

This parameter is obtained by the drive during a rotational autotune. If a
stationary autotune is carried out, then the nameplate value should be
entered in Pr 00.043.

RFC-A

If the stator inductance (Pr 05.025) contains a non-zero value, the power
factor used by the drive is continuously calculated and used in the vector
control algorithms (this will not update Pr 00.043).

If the stator inductance is set to zero (Pr 05.025) then the power factor
written in Pr 00.043 is used in conjunction with the motor rated current
and other motor parameters to calculate the rated active and
magnetizing currents which are used in the vector control algorithm.

This parameter is obtained by the drive during a rotational autotune. If a
stationary autotune is carried out, then the nameplate value should be
entered in Pr 00.043.

RFC-S

The phase angle between the rotor flux in a servo motor and the
encoder position is required for the motor to operate correctly. If the
phase angle is known it can be set in this parameter by the user.
Alternatively the drive can automatically measure the phase angle by
performing a phasing test (see autotune in RFC-S mode Pr 00.040).
When the test is complete the new value is written to this parameter. The
encoder phase angle can be modified at any time and becomes effective
immediately. This parameter has a factory default value of 0.0 °, but is
not affected when defaults are loaded by the user.

00.044 {05.009} XA D
RW  |Num T RA | |

| US |
oL 200 V drive: 230 V
0to 50Hz default 400 V drive: 400 V
RFC-A| 3| VM_AC_VOLTAGE_ |= |60Hz default 400 V drive: 460 V
SET 575V drive: 575 V
RFC-S 690 V drive: 690 V

Enter the value from the rating plate of the motor.

00.045 {05.008} R
RW Num T ! !

[0S ]
50 Hz default: 1500 rpm
o $|  0t035940mm 12 641, Gefault 1800 rpm
RFC-A = 50 Hz defaultf 1450.00 rpm
0.00 to 33000.00 rpm 60 Hz default: 1750.00 rpm
RFCS | = 3000.00 rpm
Open-loop

This is the speed at which the motor would rotate when supplied with its
base frequency at rated voltage, under rated load conditions

(= synchronous speed - slip speed). Entering the correct value into this
parameter allows the drive to increase the output frequency as a
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function of load in order to compensate for this speed drop. 6.4.8 Operating-mode selection
Slip compensation is disabled if Pr 00.045 is set to 0 or to synchronous -
Speed, or if Pr 05.027 is set to 0. 00.048 {11031} User Drive Mode
If slip compensation is required this parameter should be set to the value RW Txt | | ND | NC | PT | |
from the rating plate of the motor, which should give the correct rpm for a oL = Open-loop (1)
hot machine. Sometimes it will be necessary to adjust this when the
drive is commissioned because the nameplate value may be inaccurate. RFC-A 8 Open-loop (1), RFC-A (2), = RFC-A (2)
Slip compensation will operate correctly both below base speed and RFC-S RFC-S (3), Regen (4) [ RFC-S (3)
within the field weakening region. Slip compensation is normally used to
correct for the motor speed to prevent speed variation with load. The Regen = Regen (4)

rated load rpm can be set higher than synchronous speed to deliberately
introduce speed droop. This can be useful to aid load sharing with
mechanically coupled motors.

RFC-A

Rated speed is used with motor rated frequency to determine the full
load slip of the motor which is used by the vector control algorithm.
Incorrect setting of this parameter can result in the following:

» Reduced efficiency of motor operation

* Reduction of maximum torque available from the motor

*  Failure to reach maximum speed

*  Over-current trips

* Reduced transient performance

* Inaccurate control of absolute torque in torque control modes

The nameplate value is normally the value for a hot machine, however,
some adjustment may be required when the drive is commissioned if the
nameplate value is inaccurate.

The rated speed rpm can be optimized by the drive (For further
information, refer to section 8.1.2 RFC-A mode on page 98).

RFC-S
Rated Speed (00.045) is used as follows:
1. Operation without position feedback, i.e. Sensorless Mode Active

(03.078) = 1.
2. Where the motor operates above this speed and flux weakening is
active.

3. In the motor thermal model.

The settings for Pr 00.048 are as follows:

Setting Operating mode
1 Open-loop
2 RFC-A
3 RFC-S
4 Regen

This parameter defines the drive operating mode. Pr mm.000 must be
set to ‘1253’ (European defaults) or ‘1254’ (USA defaults) before this
parameter can be changed. When the drive is reset to implement any
change in this parameter, the default settings of all parameters will be
set according to the drive operating mode selected and saved in
memory.

6.4.9 Status information

(WZERGLNZ VIl User Security Status
RW Txt | | | ND | PT | |

oL Menu 0 (0), All Menus (1),
Read-only Menu 0 (2),
RFC-A| ¢ Read-only (3), = Menu 0 (0)
Status Only (4),
RFC-S No Access (5)

This parameter controls access via the drive keypad as follows:

Security N
The units for Rated Speed (00.045) are always rpm even if a linear level Description
motor is used and Linear Speed Select (01.055) = 1. 0 All writable parameters are available to be edited but
(Menu 0) |only parameters in Menu 0O are visible.
00.046 {05.007} LGl Rl 1 All writable parameters are visible and available to be
RW | Num | | RA | | | US| (All Menus) |edited.
oL 2 s
i All parameters are read-only. Access is limited to Menu 0
RFC-A|{ 0.000 to = Maxmugalt-ilsavy Py (Read-only parzmeters only. g
VM_RATED_CURRENT 00 0392 Menu 0)
RFC-S (00.032) 3 All parameters are read-only however all menus and
(Read-only) |parameters are visible.
Enter the name-plate value for the motor rated current. 4 The keypad remains in status mode and no parameters
(Status Only)|can be viewed or edited.
00.047 Rated Frequenc The keypad remains in status mode and no parameters
{05.006} q y 5 can be viewed or edited. Drive parameters cannot be
RW | | | | | Us | (No Access) |accessed via a comms / fieldbus interface in the drive or
oL 3 50059501 any option module.
.0to .OHz .
= 50 Hz default: 50.0 Hz The keypad can adjust this parameter even when user security is set.
RFC-A @ 0.0 to 550.0 Hz 60 Hz default: 60.0 Hz -
(VOLLRE RN Pl Software Version
RFC-S | { = RO | Num | | ND [NC | PT | |
Open-loop and RFC-A oL
Enter the value from the rating plate of the motor. RFC-A | {§ 0 to 99999999 =
RFC-S

The parameter displays the software version of the drive.
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(WOLYRGVOEYS4 M Action On Trip Detection
RW Bin | | | |

| US|

oL
RFC-A | {3
RFC-S

0to 31

Each bit in this parameter has the following functions:

trip is cleared. If this bit is 1 then this feature is disabled.

Open-loop mode

RFC-A and RFC-S modes

Reference Selected (01.001)

Reference Selected (01.001)

Pre-skip Filter Reference (01.002)

Pre-skip Filter Reference (01.002)

Pre-ramp Reference (01.003)

Pre-ramp Reference (01.003)

Post Ramp Reference (02.001)

Post Ramp Reference (02.001)

Frequency Slaving Demand
(03.001)

Final Speed Reference (03.001)

Speed Feedback (00.010)

Bit Function
: _ B Speed Error (03.003)
? gt_°p ‘T” ”O”‘L'mpm"_"”t trips | _ Speed Controller Output (03.004)
> Dfsable b:" '”gl resistor overload detection Current Magnitude (00.012) Current Magnitude (00.012)
!sab ep as.e 0SS .stop _ B Torque Producing Current
3 |Disable braking resistor temperature monitoring Torque Producing Current (00.013) (00.013)
4 |Disable parameter freeze on trip Magnetising Current (04.017) Magnetising Current (04.017)
Output Frequency (00.011 Output Frequency (00.011
Example utput Frequency ( ) utput Frequency ( )

Pr 00.051 =8 (1000ynary) Th Brake Res trip is disabled
Pr00.051 =12 (1100ynary) Th Brake Res and phase loss trip is disabled

Stop on non-important trips

If bit 0 is set to one the drive will attempt to stop before tripping if any of
the following trip conditions are detected: /0O Overload, An Input 1 Loss,
An Input 2 Loss or Keypad Mode.

Disable braking resistor overload detection
For details of braking resistor overload detection mode see Pr 10.030.

Disable phase loss trip

Normally the drive will stop when the input phase loss condition is
detected. If this bit is set to 1 the drive will continue to run and will only
trip when the drive is brought to a stop by the user.

Disable braking resistor temperature monitoring

Size 3, 4 and 5 drives have an internal user install braking resistor with a
thermistor to detect overheating of the resistor. As default bit 3 of

Pr 00.051 is set to zero, and so if the braking resistor and its thermistor
is not installed the drive will produce a trip (Th Brake Res) because the
thermistor appears to be open-circuit. This trip can be disabled so that
the drive can run by setting bit 3 of Pr 00.051 to one. If the resistor is
installed then no trip is produced unless the thermistor fails, and so bit 3
of Pr 00.051 can be left at zero. This feature only applies to size 3, 4 and
5 drives. For example if Pr 00.051 = 8, then Th Brake Res trip will be
disabled.

Disable parameter freeze on trip

If this bit is 0 then the parameters listed below are frozen on trip until the

Output Voltage (05.002)

Output Voltage (05.002)

Output Power (05.003)

Output Power (05.003)

D.c. Bus Voltage (05.005)

D.c. Bus Voltage (05.005)

Analog Input 1 (07.001)*

Analog Input 1 (07.001)*

Analog Input 2 (07.002)*

Analog Input 2 (07.002)*

Analog Input 3 (07.003)*

Analog Input 3 (07.003)*

*Not applicable to Unidrive M702

WOVOEYRG VD)l Reset Serial Communications*
RW Bit | | ND | NC | | |

oL
RFC-A | {3
RFC-S

Off (0) or On (1)

= Off (0)

* Only applicable to Unidrive M701.

When Serial Address (00.037), Serial Mode (00.035), Serial Baud Rate
(00.036), Minimum Comms Transmit Delay (11.026) or Silent Period
(11.027) are modified the changes do not have an immediate effect on
the serial communications system. The new values are used after the
next power-up or if Reset Serial Communications (00.052) is set to one.
Reset Serial Communications (00.052) is automatically cleared to zero
after the communications system is updated.

(VO R(1ZX LY Motor Thermal Time Constant
RW Num | | | |

| US|

oL
RFC-A | {
RFC-S

1.0 t0 3000.0 s

= 89.0s

Pr 00.053 is the motor thermal time constant of the motor, and is used
(along with the motor rated current Pr 00.046, and total motor current
Pr 00.012) in the thermal model of the motor in applying thermal

protection to the motor.

For further details, refer to section 8.4 Motor thermal protection on

page 108.
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7  Running the motor

This chapter takes the new user through all the essential steps to
running a motor for the first time, in each of the possible operating
modes.

Electrical Getting Basic
installation started

For information on tuning the drive for the best performance, see
Chapter 8 Optimization on page 95.
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Ensure that no damage or safety hazard could arise from the
motor starting unexpectedly.

The values of the motor parameters affect the protection of
the motor.
The default values in the drive should not be relied upon.

It is essential that the correct value is entered in Pr 00.046

Rated Current. This affects the thermal protection of the
motor.

be acceptable depending on the application. The user must

check in Pr 01.017 and ensure that the keypad reference
has been set to 0.

If the drive is started using the keypad it will run to the speed
& defined by the keypad reference (Pr 01.017). This may not

Speed and position feedback

Suitable devices are:

* Incremental encoder (A, B or F, D with or without Z) with
commutation signals (U, V, W)

» Incremental encoder with forward and reverse outputs (F, R with or
without Z) and commutation outputs (U, V, W)

*  SINCOS encoder (with Stegmann Hiperface, EnDat or SSI
communications protocols)

+ EnDat absolute encoder

* Resolver

7.2 Changing the operating mode

Changing the operating mode returns all parameters to their default
value, including the motor parameters. User Security Status (Pr 00.049)
and User Security Code (Pr 00.034) are not affected by this procedure).

Procedure
Use the following procedure only if a different operating mode is
required:

1. Enter either of the following values in Pr mm.000, as appropriate:
1253 (50 Hz AC supply frequency)
1254 (60 Hz AC supply frequency)

2. Change the setting of Pr 00.048 as follows:

If the intended maximum speed affects the safety of the
machinery, additional independent over-speed protection
must be used.

71 Quick start connections

7.1.1 Basic requirements

This section shows the basic connections which must be made for the
drive to run in the required mode. For minimal parameter settings to run
in each mode please see the relevant part of section 7.3 Quick start
commissioning / start-up on page 78.

Table 7-1 Minimum control connection requirements for each

control mode

Drive control method Eequirements

Pr 00.048 setting Operating mode
00.048 1 Open-loop
t Open-loop
2 RFC-A
3 RFC-S
4 Regen
Regen

Drive enable
Speed / Torque reference
Run forward / Run reverse

Terminal mode

Keypad mode Drive enable

Drive enable

Communications link N .
Communications link

Table 7-2 Minimum control connection requirements for each
mode of operation

Operating mode Requirements

Open loop mode Induction motor

RFC — A mode

(with speed feedback) Induction motor with speed feedback

RFC - S mode (with speed and
position feedback)

Permanent magnet motor with speed
and position feedback

Speed feedback

Suitable devices are:

* Incremental encoder (A, B or F, D with or without Z)

* Incremental encoder with forward and reverse outputs (F, R with or
without Z)

»  SINCOS encoder (with, or without Stegmann Hiperface, EnDat or
SSI communications protocols)

« EnDat absolute encoder

* Resolver

The figures in the second column apply when the communications
interface is used.

3. Either:
+ Pressthered reset button
» Toggle the reset digital input

» Carry out a drive reset through the communications interface by
setting Pr 10.038 to 100 (ensure that Pr. mm.000 returns to 0).
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Safety Product Mechanical Electrical Getting Basic Running Drive NV Media Card | Onboard | Advanced UL

wired to interrupt the AC supply in the
= L1 L2 L3 event of a fault. This is not required if the
optional internal braking resistor is used

Open loop

RFC-A RFC-S
Sensorless Sensorless

RFC-A RFC-S

information information installation installation started parameters the motor Optimization communication Operation PLC parameters Diagnostics information
Figure 7-1 Minimum connections to get the motor running in any operating mode for Unidrive M700 / M701 (size 3 and 4)
ABraking resistor
(optional)
' di O
TEE NE
SE ov
® 4 +10V
Speed
® 5 reference
= input
T = Sl
@le
- Q| 7
Communications I i,
port* ® ® 8
NE
K= 4 Q)10
S Q| 11 T
Terminal AB sc SCEnDat | EnDat | Resolver O i = e
AB Servo | Hiperface| sc ssi ssi T g
1 A Cos A (Cos) Data Cos H 1 = r
\ osref \ (Cos\ ata\ os
: N i e Q21 m
a B\ Sinref B\ (Sin\) | CLK\ Sin L — H
< bty bty | Freere [Rert ﬂ = )] 22 24V |
7 u = Sl n
8 U\ —
=
5 " &=z > a
]
2 w = O |
13 25
i — O
g 8 26 RUN FWD M
5 : s =0 Sl 27 RUN REV 0
®
15 1 D T ® 28 d
Position feedback 7 — — ® o 1o (S _——— e
connector 15 way D-type** L1le2leslulviw K
Q|30
\ e
KX y
Safe Torque Off
(drive enable) p
. a
Induction Servo motor
motor (permanent d
magnet)
o
i i i : Keypad d
! ! ! | Optional item, must
i i i ! / \ be installed e
! 1 1 1 for keypad mode
L 1 I
| — J\@ | !
i i i et -
_ Fi
: P LML AR | o
1 ] —
|  fLrLee | |
1 1
1
] zz® | ' )
: ! [ SR A @ Marker pulse optional
1
i i @ Thermal overload for braking resistor
! ' to protect against fire risk. This must be
1 1
1 1
! |
1
I I
1
I
1
I
1
I

* Ethernet fieldbus communication ports on Unidrive M700 and EIA 485 serial communication ports on Unidrive M701.
** Position feedback port.
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Open loop

RFC-A
Sensorless

RFC-S
Sensorless

fof ok

L1 L2 L3

Optional item, must
be installed
for keypad mode

Safety Product Mechanical Electrical Getting Basic Running Obtimization Drive NV Media Card | Onboard | Advanced Diagnostics UL
information information installation installation started parameters the motor P communication Operation PLC parameters 9 information
igu - inimu i unning i i idrivi iz

Figure 7-2 Minimum connections to get the motor running in any operating mode for Unidrive M702 (size 3 and 4
ABraking resistor
(optional)
| #
SEE
e =
° ﬁ & o} ()
Communications Hl o
port* ® I
e — | T kTS
s
[©]
= Ol T
Terminal AB sc SC EnDat | EnDat | Resolver O ] H = ® 2 24V e
AB Servo | Hiperface| SCSSI ssi —=
1 A Cos A (Cos) Data Cos H = r
2 A\ Cosref | A\ (Cos\) | Data\ | Cos L = ® 3
3 B Sin B (Sin) CLK Sin H = m
a4 B\ Sinref B\ (Sin\) CLK\ Sin L =L ® 4 .
s z Data Data Freeze | RefH I3 | = |
6 z\ Data\ Data\ Freeze Ref L
: - : |2 Q| 5 n
8 U\ — =
?o \\//\ == ® 6 a
11 w CLK = i I
= W CEN = Sl 7 RUN FWD
+ [——]
14 ov
i Thermistor Tnpat / Sl 8 RUN REV
IE 6 M
e NE o
5 1 O So&
10 6 S ® 10 d
15 11 o\ —t—{--—-z————-—-—-—-——
— A — ® 11 Safe Torque Off 1 e
Position feedback ==
connector 15 way D-type** / Ll e2lslulviw ® 12 K
\ ® 13 Safe Torque Off 2 e
. a
Induction Servo motor
motor (permanent d
magnet)
o
e

Marker pulse optional

Thermal overload for braking resistor

to protect against fire risk. This must be
wired to interrupt the AC supply in the
event of a fault. This is not required if the
optional internal braking resistor is used

RFC-A

RFC-S

* Ethernet fieldbus communication ports.

** Position feedback port.
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Safety Product Mechanical Electrical Getting Basic Running Optimization Drive NV Media Card | Onboard | Advanced Diagnostics UL
information information installation installation started parameters the motor P communication Operation PLC parameters 9 information
Figure 7-3 Minimum connections to get the motor running in any operating mode for Unidrive M700 / M701 (size 5)
Braki ist
/N Peptona QJ 1
Q| 2
@ Sl 3 ov
+10V
Q) 4
Speed
® 5 reference
+ — | BR .
input
5
Ol 7
=
Communications P|OIC R
port* I Q) 8
“ NE
A 10
Terminal AB sC SC EnDat EnDat Resolver ™~ - ® T
AB Servo Hiperface| sc ssi ssi =
1 A Cos A (Cos) Data Cos H T o 2 ® 11
2 A\ Cosref A\ (Cos\) | Data\ | CosL e
3 B Sin B (Sin) CLK Sin H O H =
a4 B\ Sinref B\ (Sin\) CLK\ Sin L J g r
5 z Data Data Freeze | Ref H )7 - E1
6 z\ Data\ Data\ Freeze Ref L
=
== > ([[E SE m
° v == |
10 W\ = ® 22 24V
11 wW % ® 23 n
12 WA i
13 +V ‘ o % a
14 ov M
15 Thermistor Input | i % a ® 24 |
[=—==]
= =l Q|25
5 1
g — Rl — NEE wnrwo | M
15 1"
=N Sl 27 RUN REV 0
Position feedback d
connector 15 way D-type** S| 28 e
L1|L2(L3 ® oY | N — -
SE K
Q) 31 y
Safe Torque Off
(drive enable) p
- a
Induction Servo motor
motor (permanent d
magnet)
: M
I 1
| J o
i Keypad d
I . .
| / \ Optional item, must
i be installed e
1 for keypad mode
®

W >

JUuL
St

A
B
4

E_L)

F

/. ./. - fe @ Marker pulse optional

@ Thermal overload for braking resistor
to protect against fire risk. This must be
wired to interrupt the AC supply in the
= L1 L2 L3 event of a fault. This is not required if the
optional internal braking resistor is used

Open loop
RFC-A RFC-S
Sensorless Sensorless

RFC-A RFC-S

* Ethernet fieldbus communication ports on Unidrive M700 and EIA 485 serial communication ports on Unidrive M701.
** Position feedback port.
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E

Open loop

RFC-A
Sensorless

i)

RFC-S
Sensorless

/.

RFC-A

RFC-S

= L1 L2 L3

Marker pulse optional

Safety Product Mechanical Electrical Getting Basic Running Obtimization Drive NV Media Card | Onboard | Advanced Diagnostics UL
information information installation installation started parameters the motor P communication Operation PLC parameters 9 information
Figure 7-4 Minimum connections to get the motor running in any operating mode for Unidrive M702 (size 5)
Braking resistor
A (optional)
@
+ — | BR
5k
Communications 0| le|[e B
port* I Q) 1
i Sl 2 24v
Terminal AB sc SC EnDat | EnDat | Resolver N ® 3 T
AB Servo Hiperface] sc ssi Ssi
1 A Cos A (Cos) Data Cos H 1o [¢) £z ® 4 e
2 A\ Cosref A\ (Cos\) Data\ Cos L
3 B Sin B (Sin) CLK Sin H =
a B\ Sinref B\ (Sin\) | CLK\ Sin L O { = ® 5 r
5 z Data Data Freeze | Ref H T
6 2\ Data\ Data\ Freeze | Ref L P | Al T ® 6 m
7 u
5 Sl e !
s ) > = Sl 7 RUN FWD i
10 % =
11 w Sk n = NE RUN REV n
12 WA\ CLK\ ! _%
13 +V H g ® 9 a
14 ov
15 Thermistor Input I % H |
é == Qj 10
5 1 © a JHJ 1 Safe Torque Off 1
10 6 | —— O K M
15 11 Sl 12 o
=g [O ©
Position feedback ® 13 Safe Torque Off 2 d
connector 15 way D-type** K
[ L1213 A e
a
Induction S
O ervo motor
motor (permanent M
) magnet)
| | 0
a e d
i .
! E 1 Keypad e
! | 1 / \ Optional item, must
! i 1 be installed
! 1 | for keypad mode
! \E :
H N~ MmN =—-————_———— e —— =
H _ i Fuses
1 A :
|
| I ! —
! B ! AA
H BB
i
1
i
1
i
1
i

Thermal overload for braking resistor

to protect against fire risk. This must be
wired to interrupt the AC supply in the
event of a fault. This is not required if the
optional internal braking resistor is used

* Ethernet fieldbus communication ports.

** Position feedback port.
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Figure 7-5 Minimum connections to get the motor running in any operating mode for Unidrive M700 / M701 (size 6)
Braking resistor
(optional) -
Size 6 only
.:] { QO 1
Q) 2
SE ov
[t [BR +10V
Q) 4
Speed
® 5 reference
input
VK
Ol 7
Communications
port* g 8
9
, Sl 10
= Sl 1 T
i nDat | EnDat | resolver
o] e | ] S5 | 5 [ O ETE E e
1 A Cos A (Cos) Data Cos H T6e5 £3 6600 r
2 A\ Cosref A\ (Cos\) | Data\ Cos L =
in (Sin) in m
: S Y e Ie O 21 !
5 z Data Data Freeze Ref H
6 2\ Data\ Data\ Freeze | Ref L H ‘%D ® 22 24V rI]
7 u
\
: 2 J SEE a
10 N ol " ® o4
e s I
3 v Q|25
15 Thermistor Input M
"E © @mio (© o] | )| 26 RUN FWD .
m 27 RUN REV
5 : 5 SIS q
10 6 S © Q|28
15 " L2 13 U VvV W e
Position feedback ® 9= ———————1 -
connector 15 way D-type** | L1 | L2 | L3| U | V|W| ® 30 K
e
Q31 y
Safe Torque Off
(drive enable) p
. a
Induction
Servo motor
@y
motor (permanent d
magnet)
(0]
1 ' . .
i E i ! Optional iten}:e)rfl?si d
I )
| ; i ! TN be installed | €
! ! Ve ! 1 for keypad mode
I
a —E :
VO BREEEEEEEE T N ol mmMmMmMmMe————e—e e ——— —
i 1 1 I
_ Fi
i P LML AR | [] [] [] wees
1 1 _ | _ I
| | _IIles | A |
I ! =1 I
1 | B B
] zz® : : B | )
| [ |uU 1 Y R A @ Marker pulse optional
1 I I
i | =
| :—'—LV v i @ Thermal overload for braking resistor
! T 1w Wi to protect against fire risk. This must be
! ! _ : wired to interrupt the AC supply in the
Open |00p ! :J]—ZZ = L1 L2 L3 event of a fault.
1 I @:
1
RFC-A RFC-A .
1
I
Sensorless Sensorless !

* Ethernet fieldbus communication ports on Unidrive M700 and EIA 485 serial communication ports on Unidrive M701.

** Position feedback port.
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Induction
motor I-J

e Servo motor
(permanent
magnet)

U|V|W|+

e

Open loop

RFC-A
Sensorless

RFC-S
Sensorless

RFC-A

RFC-S

/

L1 L2 L3

Safety Product Mechanical Electrical Getting Basic Running Obtimization NV Media Card | Onboard | Advanced Diagnostics
information information installation installation started parameters the motor P communication Operation PLC parameters 9
Figure 7-6 Minimum connections to get the motor running in any operating mode for Unidrive M702 (size 6)
Braking resistor
(optional) -
Size 6 only
Communications
port*
Terminal AB sc SC EnDat EnDat Resolver ® 1 T
AB Servo Hiperface| scssi ssi
1 A Cos A (Cos) Data Cos H ® 2 24V e
2 A\ Cosref A\ (Cos\) | Data\ Cos L r
3 B Sin B (Sin) CLK Sin H ® 3
a4 B\ Sinref B\ (Sin\) CLK\ Sin L m
5 z Data Data Freeze Ref H
6 2\ Data\ Data\ Freeze | Ref L ® 4 i
7 u
8 u\
: > Q) 5 n
10 A\
1 n Ql 6 a
13
ia ov \ Sl 7 RUN FWD |
15 Thermistor Input |
i 8 RUN REV
ofe = i M
= 9
5 1 ] - O 0
5 Qo d
15 S P ST T R A ) ) — | S A g H N N
Position feedback Q| 1 Safe Torque Off 1 e
connector 15 way D-type** L1]L2|L3|U|V|W ® 12
| ® 13 Safe Torque Off 2

Keypad
Optional item, must
be installed

for keypad mode

Poo QT <OX

] Fuses

- @ Marker pulse optional

@ Thermal overload for braking resistor

to protect against fire risk. This must be
wired to interrupt the AC supply in the
event of a fault.

* Ethernet fieldbus communication ports.
** Position feedback port.
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Safety
information

Product
information

Electrical
installation

Mechanical
installation

Basic
parameters

Getting
started

Running A
Optimization

Drive
communication

NV Media Card
Operation

Onboard
PLC

Advanced

Diagnostics
parameters

UL
information

Figure 7-7 Minimum connections to get the motor running in any operating mode for Unidrive M700 / M701 (size 7 onwards)

L1 L2 L3

L]

Input line
reactor*

© X} [+ 3
PE foc -oc
Communications

port**

Terminal AB sc SC EnDat | EnDat | Resolver
AB S Hi f: sc ssi Sssi
ervo iperface| 7 8 9 10 11 = =
1 A Cos A (Cos) Data Cos H
2 A\ Cosref A\ (Cos\) | Data\ | CosL
3 B Sin B (Sin) CLK Sin H =
a B\ Sinref B\ (Sin\) | CLK\ | SinL =
5 z Data Data Freeze | RefH e
6 = Data\ Data\ Freeze | Ref L d ==
7 [¥] o=
8 O\ = il
E) v =
10 %N =
11 w =
B wy =
13 -V =
14 ov G = =
15 Thermistor Input @) | =
i 5| ©
oo,

Position feedback
connector 15 way D-type

P

Induction Servo motor
motor (permanent
magnet)

Open loop

RFC-A
Sensorless

RFC-A
Sensorless

0 i

=5
o[t

— |

Braking resistor
(optional)

RFC-A

RFC-S

S| 1
Q) 2
® 3 ov
® 4 +10V
Speed
f
g 0 o
6
Sl 7
Q)| 8
VE
Sl 10
Sl 1 T
e
r
Sl 21 m
)| 22 24v I'I]
Q|23 a
Q|24 |
Q|25
| 26 RUN FWD M
Q|27 RUN REV 0
)| 28 g
Of29]--------1 -
Q|30 }e(
Q|31 y
Safe Torque Off
(drive enable) p
a
d
M
(0}
Keypad d
Optional item, must
be installed e
for keypad mode
@ Marker pulse optional
@ Thermal overload for braking resistor

to protect against fire risk. This must be
wired to interrupt the AC supply in the
event of a fault.

* Required for size 9E, 10 and 11.
** Ethernet fieldbus communication ports on Unidrive M700 and EIA 485 serial communication ports on Unidrive M701.

*** Position feedback port.
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Position feedback
connector 15 way D-type

E

1

ok

Induction Servo motor
motor ‘-I (permanent
magnet)
ulvw[+ i ;
3 ; {E i
— [ A&
Mries |
‘ zz® |
Open loop
RFC-A RFC-A
Sensorless Sensorless

Braking resistor
(optional)

RFC-A

RFC-S

Keypad

Optional item, must
be installed

for keypad mode

@ Marker pulse optional

Safety Product Mechanical Electrical Getting Basic Running Obtimization Drive NV Media Card | Onboard | Advanced Diagnostics UL
information information installation installation started parameters the motor P communication Operation PLC parameters 9 information
Figure 7-8 Minimum connections to get the motor running in any operating mode for Unidrive M702 (size 7 onwards)
L1 L2 L3
[] [] [] Fuses
Input line
reactor*
L [*]
f==—==1
PE -DC| = ===
==
© © © SE=l 0@ @——mmmmmm———
= =—24
M N [ Ol 1
24V
Communications ® 2
OB
Sk T
i SC EnD: EnDat esolver
Terminal AB?:rVO il(l:perface scr;sla( ss1 Resel 7 89E1011 ® 5 e
1 A Cos A (Cos) Data Cos H r
: S eSS et et Q) 6 m
a4 B\ Sinref B\ (Sin\) CLK\ Sin L — H
s z Data Data Freeze | Ref H ® 7 RUN FWD |
6 z\ Data\ Data\ Freeze
& o S 8 RUN REV n
9 v a
10 \
i W Sl 9 I
\
5 v | _ Q10
4 oV s LD E Ay e LN ) = (] ] et - - ] - - - — -
rmistor Inpu 5
= he rorinput ‘ 2 ‘ @ © . ® 1" Safe Torque Off 1 M
oLy, Q|12 o
5 1
10 6 4 ® 13 Safe Torque Off 2 d
15 1 e

Do QW T<OX

@ Thermal overload for braking resistor
to protect against fire risk. This must be
wired to interrupt the AC supply in the
event of a fault.

* Required for size 9E, 10 and 11.
** Ethernet fieldbus communication ports.

*** Position feedback port.
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information information installation installation started parameters the motor P communication Operation PLC parameters 9 information
7.3  Quick start commissioning / start-up
7.3.1  Open loop
Action Detail

Before power-up

Ensure:

*  The drive enable signal is not given (terminal 31 on Unidrive M700 / M701 and terminal 11 & 13 on
Unidrive M702).

* Run signal is not given

*  Motor is connected

Power-up the drive

Verify that Open Loop mode is displayed as the drive powers up. If the mode is incorrect see section 5.6
Changing the operating mode on page 45.

Ensure:

»  Drive displays ‘Inhibit’

If the drive trips, see section 13 Diagnostics on page 245.

Enter motor
nameplate details

Enter:

*  Motor rated frequency in Pr 00.047 (Hz)

*  Motor rated current in Pr 00.046 (A)
Motor rated speed in Pr 00.045 (rpm)

IP55

V[ Hz [ min' [ kW [coso] A

Mot X XXXXXXXXX
No XXXXXXXXXX kg
I.clF_°C 40 s S1

A 230 | 50 |1445 |2.20/0.80 |8.50
+  Motor rated voltage in Pr 00.044 (V) - check if A or A connection - 400 ‘CN :‘MJW, “‘9°§
A 240 50‘ 1445‘2 20‘076 850 2
A 415 490 3
JEPI) ol h
Set maximum Enter: Il
frequency *  Maximum frequency in Pr 00.002 (Hz)
Enter: +oon ' '
. Acceleration rate in Pr 00.003 (s/100 Hz) : d h
Set acceleration / Decelerati in Pr 00.004 (s/100 Hz) (If braki istor installed, set Pr 00.015 = Fast. Al ’ !
deceleration rates eceleration rate in Pr 00. (s z) (If braking resistor installed, sgt r 00. = Fast. Also : 1
ensure Pr 10.030 and Pr 10.031 and Pr 10.061 are set correctly, otherwise premature ‘Brake R Too ! !
Hot’ trips may be seen). i i
003 “ooa !

Motor thermistor
set-up

The motor thermistor connection is made through the drive encoder port (terminal 15). The thermistor
type is selected in P71 Thermistor Type (03.118). On Unidrive M700 / M701, the motor thermistor can be
selected in Pr 07.015. Refer to Pr 07.015 for further information.

Autotune

The drive is able to perform either a stationary or a rotating autotune. The motor must be at a standstill
before an autotune is enabled. A rotating autotune should be used whenever possible so the measured
value of power factor of the motor is used by the drive.

A rotating autotune will cause the motor to accelerate up to 2/3 base speed in the direction
selected regardless of the reference provided. Once complete the motor will coast to a
stop. The enable signal must be removed before the drive can be made to run at the
required reference.

The drive can be stopped at any time by removing the run signal or removing the drive
enable.

» A stationary autotune can be used when the motor is loaded and it is not possible to uncouple the
load from the motor shaft. A stationary autotune measures the stator resistance and the transient
inductance in the motor. These are required for good performance in vector control modes. A
stationary autotune does not measure the power factor of the motor so the value on the motor
nameplate must be entered into Pr 00.043.

*  Arotating autotune should only be used if the motor is uncoupled. A rotating autotune first performs
a stationary autotune before rotating the motor at 2/3 base speed in the direction selected. The
rotating autotune measures the power factor of the motor.

To perform an autotune:

» Set Pr00.040 = 1 for a stationary autotune or set Pr 00.040 = 2 for a rotating autotune

*  Close the Drive Enable signal (terminal 31 on Unidrive M700 / M701 and terminal 11 & 13 on
Unidrive M702). The drive will display 'Ready’.

»  Close the run signal (terminal 26 or 27 on Unidrive M700 / M701 and terminal 7 or 8 on Unidrive
M702). The upper row of the display will flash ’Auto Tune’ while the drive is performing the
autotune.

*  Wait for the drive to display 'Ready’ or ‘Inhibit’ and for the motor to come to a standstill.

If the drive trips, see Chapter 13 Diagnostics on page 245.

* Remove the drive enable and run signal from the drive.

cos @

ol

Save parameters

Select 'Save Parameters' in Pr mm.000 (alternatively enter a value of 1001 in Pr mm.000) and press
the red reset button or toggle the reset digital input.

Run

Drive is now ready to run

7D
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Safety Product Mechanical Electrical Getting Basic Running Obtimization Drive NV Media Card | Onboard | Advanced Diagnostics UL
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7.3.2 RFC - A mode (with position feedback)

Induction motor with position feedback
For simplicity only an incremental quadrature encoder will be considered here. For information on setting up one of the other supported speed
feedback devices, refer to section 7.3.5 RFC-Sensorless on page 83.

Action

Detail

Before power-up

Ensure:

«  The drive enable signal is not given (terminal 31 on Unidrive M700 / M701 and terminal 11 & 13 on Unidrive M702).
*  Run signal is not given

*  Motor and feedback device are connected

Power-up the

Verify that RFC-A mode is displayed as the drive powers up. If the mode is incorrect see section 5.6 Changing the
operating mode on page 45.
Ensure:

«  Drive encoder Lines Per Revolution (LPR) in Pr 03.034 (set according to encoder)

«  Drive encoder termination resistor setting in Pr 03.039:
0 = A-A\, B-B\, Z-Z\ termination resistors disabled
1 = A-A\, B-B\, termination resistors enabled, Z-Z\ termination resistors disabled
2 = A-A\, B-B\, Z-2\ termination resistors enabled

drive «  Drive displays ‘Inhibit’

If the drive trips, see Chapter 13 Diagnostics on page 245.

Incremental encoder basic set-up

Enter:

«  Drive encoder type in Pr 03.038 = AB (0): Quadrature encoder

«  Encoder power supply in Pr. 03.036 =5V (0),8V (1) or 15V (2).

If output voltage from the encoder is >5 V, then the termination resistors must be disabled Pr 03.039 to 0.
Set motor . . .
feedback Setting the encoder voltage supply too high for the encoder could result in damage to the feedback
parameters device.

Enter motor
nameplate details

»  Motor rated frequency in Pr 00.047 (Hz)
*  Motor rated current in Pr 00.046 (A)
¢ Motor rated speed in Pr 00.045 (rpm)

*  Motor rated voltage in Pr 00.044 (V) - check if A or A connection

Set maximum
speed

Enter: Maximum speed in Pr 00.002 (rpm)

Set acceleration /
deceleration rates

Enter:

«  Acceleration rate in Pr 00.003 (s/1000 rpm)

*  Deceleration rate in Pr 00.004 (s/1000 rpm) (If braking resistor installed, set Pr 00.015 = Fast. Also ensure Pr 10.030,
Pr10.031 and Pr 10.061 are set correctly, otherwise premature ‘Brake R Too Hot' trips may be seen).

1000rpm

003

]

Motor thermistor
set-up

The motor thermistor connection is made through the drive encoder port (terminal 15). The thermistor type is selected
in P1 Thermistor Type (03.118). On Unidrive M700 / M701, the motor thermistor can be selected in Pr 07.015. Refer to
Pr 07.015 for further information.

Autotune

The drive is able to perform either a stationary or a rotating autotune. The motor must be at a standstill before an
autotune is enabled. A stationary autotune will give moderate performance whereas a rotating autotune will give
improved performance as it measures the actual values of the motor parameters required by the drive.

A rotating autotune will cause the motor to accelerate up to 2/3 base speed in the direction selected
regardless of the reference provided. Once complete the motor will coast to a stop. The enable
signal must be removed before the drive can be made to run at the required reference.The drive

[ WARNING | can be stopped at any time by removing the run signal or removing the drive enable.

« A stationary autotune can be used when the motor is loaded and it is not possible to uncouple the load from the
motor shaft. The stationary autotune measures the stator resistance and transient inductance of the motor. These
are used to calculate the current loop gains, and at the end of the test the values in Pr 00.038 and Pr 00.039 are
updated. A stationary autotune does not measure the power factor of the motor so the value on the motor
nameplate must be entered into Pr 00.043.

«  Arotating autotune should only be used if the motor is uncoupled. A rotating autotune first performs a stationary
autotune before rotating the motor at 2/3 base speed in the direction selected. The rotating autotune measures the
stator inductance of the motor and calculates the power factor.

To perform an autotune:

«  Set Pr00.040 = 1 for a stationary autotune or set Pr 00.040 = 2 for a rotating autotune

*  Close the drive enable signal (terminal 31 on Unidrive M700 / M701 and terminal 11 & 13 on Unidrive M702). The
drive will display 'Ready’.

«  Close the run signal (terminal 26 or 27 on Unidrive M700 / M701 and terminal 7 or 8 on Unidrive M702). The
upper row of the display will flash ‘Auto Tune’ while the drive is performing the autotune.

«  Wait for the drive to display 'Ready’ or ‘Inhibit’ and for the motor to come to a standstill. If the drive trips, see
Chapter 13 Diagnostics on page 245.

*  Remove the drive enable and run signal from the drive.

cos &

saturation

+—— break-

" points

N rpm

Save parameters

Select 'Save Parameters' in Pr mm.000 (alternatively enter a value of 1001 in Pr mm.000) and press red
reset button or toggle the reset digital input.

Run

Drive is now ready to run
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7.3.3 RFC-A mode (Sensorless control)

Induction motor with sensorless control

Action

Detail

Before power-up

Ensure:

« The drive enable signal is not given (terminal 31 on Unidrive M700 / M701 and terminal 11 & 13 on
Unidrive M702).

¢ Run signal is not given

*  Motor is connected

Power-up the
drive

Verify that RFC-A mode is displayed as the drive powers up. If the mode is incorrect see section 5.6 Changing
the operating mode on page 45.

Ensure:

«  Drive displays ‘Inhibit’

If the drive trips, see Chapter 13 Diagnostics on page 245.

Select RFC-A
(Sensorless
control) mode
and disable
encoder wire-
break trip

« Set Pr03.024 = 1 or 3 to select RFC-A Sensorless mode
« Set Pr03.040 = 0000 to disable the wire break

Enter motor
nameplate
details

Enter:

*  Motor rated frequency in Pr 00.047 (Hz)
«  Motor rated current in Pr 00.046 (A)

*  Motor rated speed in Pr 00.045 (rpm)

+  Motor rated voltage in Pr 00.044 (V) - check if A or A connection

Set maximum
speed

Enter:
«  Maximum speed in Pr 00.002 (rpm)

Setacceleration/
deceleration
rates

Enter:

*  Acceleration rate in Pr 00.003 (s/1000rpm)

*  Deceleration rate in Pr 00.004 (s/1000rpm) (If braking resistor installed, set Pr 00.015 = Fast. Also ensure
Pr 10.030, Pr 10.031 and Pr 10.061 are set correctly, otherwise premature ‘Brake R Too Hot’ trips may be
seen).

1000rpm

003 ==

Motor thermistor
set-up

The motor thermistor connection is made through the drive encoder port (terminal 15). The thermistor type is
selected in P71 Thermistor Type (03.118). On Unidrive M700 / M701, the motor thermistor can be selected in
Pr 07.015. Refer to Pr 07.015 for further information.

——

Select or
deselect catch a
spinning motor
mode

If catch a spinning motor mode is not required then set Pr 06.009 to 0.

If catch a spinning motor mode is required then leave Pr 06.009 at the default of 1, but depending on the size
of the motor the value in Pr 05.040 may need to be adjusted.

Pr 05.040 defines a scaling function used by the algorithm that detects the speed of the motor. The default
value of Pr 05.040 is 1 which is suitable for small motors (<4 kW). For larger motors the value in Pr 05.040 will
need to be increased. Approximate values of Pr 05.040 for different motor sizes are as follows, 2 for 11 kW, 3
for 55 kW and 5 for 150 kW. If the value of Pr 05.040 is too large the motor may accelerate from standstill
when the drive is enabled. If the value of this parameter is too small the drive will detect the motor speed as
zero even if the motor is spinning.

Autotune

The drive is able to perform either a stationary or a rotating autotune. The motor must be at a standstill before
an autotune is enabled. A stationary autotune will give moderate performance whereas a rotating autotune will
give improved performance as it measures the actual values of the motor parameters required by the drive.

It is highly recommended that a rotating autotune is performed (Pr 00.040 set to 2).

A rotating autotune will cause the motor to accelerate up to 2/3 base speed in the direction selected
regardless of the reference provided. Once complete the motor will coast to a stop. The enable
signal must be removed before the drive can be made to run at the required reference.

The drive can be stopped at any time by removing the run signal or removing the drive enable.

« A stationary autotune can be used when the motor is loaded and it is not possible to uncouple the load
from the motor shaft. The stationary autotune measures the stator resistance and transient inductance of
the motor. These are used to calculate the current loop gains, and at the end of the test the values in
Pr 00.038 and Pr 00.039 are updated. A stationary autotune does not measure the power factor of the
motor so the value on the motor nameplate must be entered into Pr 00.043.

« Arotating autotune should only be used if the motor is uncoupled. A rotating autotune first performs a
stationary autotune before rotating the motor at 2/3 base speed in the direction selected. The rotating
autotune measures the stator inductance of the motor and calculates the power factor.

To perform an autotune:

« Set Pr00.040 = 1 for a stationary autotune or set Pr 00.040 = 2 for a rotating autotune

«  Close the drive enable signal (terminal 31 on Unidrive M700 / M701 and terminal 11 & 13 on Unidrive
M702). The drive will display 'Ready’ or ‘Inhibit’.

*  Close the run signal (terminal 26 or 27 on Unidrive M700 / M701 and terminal 7 or 8 on Unidrive M702).
The upper row of the display will flash 'Auto Tune’ while the drive is performing the autotune.

«  Wait for the drive to display 'Ready’ or ‘Inhibit’ and for the motor to come to a standstill.

If the drive trips, see Chapter 13 Diagnostics on page 245.

* Remove the drive enable and run signal from the drive.

cos @

T saturation
Nm «~—— break-
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N rpm
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Action

Detail

Save parameters

Select 'Save Parameters' in Pr . alternatively enter a value o in Pr .000) and press red
reset button or toggle the reset digital input.

Run

Drive is now ready to run

O,

7.3.4 RFC-S mode (with position feedback)
Permanent magnet motor with position feedback

For simplicity only an incremental quadrature encoder with commutation outputs will be considered here. For information on setting up one of the
other supported speed feedback devices, refer to section 7.3.5 RFC-Sensorless on page 83.

Action

Detail

Before power-
up

Ensure:

+ The drive enable signal is not given (terminal 31 on Unidrive M700 / M701 and terminal 11 & 13 on Unidrive
M702).

* Run signal is not given

*  Motor and feedback device are connected

Power-up the
drive

Verify that RFC-S mode is displayed as the drive powers up. If the mode is incorrect see section 5.6 Changing the
operating mode on page 45.

Ensure:

»  Drive displays ‘inhibit’

If the drive trips, see Chapter 13 Diagnostics on page 245.

Set motor
feedback
parameters

Incremental encoder basic set-up

Enter:

+  Drive encoder type in Pr. 03.038 = AB Servo (3): Quadrature encoder with commutation outputs
*  Encoder power supply in Pr. 03.036 =5V (0), 8V (1) or 15V (2).

If output voltage from the encoder is >5 V, then the termination resistors must be disabled Pr 03.039 to 0.

Setting the encoder voltage supply too high for the encoder could result in damage to the feedback device,

»  Drive encoder Pulses Per Revolution in Pr 03.034 (set according to encoder)

»  Drive encoder termination resistor setting in Pr 03.039:
0 = A-A\, B-B\, Z-Z\ termination resistors disabled
1 = A-A\, B-B\, termination resistors enabled, Z-Z\ termination resistors disabled
2 = A-A\, B-B\, Z-Z\ termination resistors enabled

Enter motor
nameplate
details

Enter:
*  Motor rated current in Pr 00.046 (A)

Ensure that this equal to or less than the Heavy Duty rating of the drive otherwise ‘Motor Too Hot’ trips may
occur during the autotune.
*  Number of poles in Pr 00.042

*  Motor rated voltage in Pr 00.044 (V)

Set maximum
speed

Enter:
*  Maximum speed in Pr 00.002 (rpm)

Set
acceleration /
deceleration
rates

Enter:
*  Acceleration rate in Pr 00.003 (s/1000 rpm)
+  Deceleration rate in Pr 00.004 (s/1000 rpm) (If braking resistor installed, set Pr 00.015 = Fast. Also ensure
Pr 10.030, Pr 10.031 and Pr 10.061 are set correctly, otherwise premature ‘Brake R Too Hot’ trips may be seen).

00|

=y

o

Motor
thermistor
set-up

The motor thermistor connection is made through the drive encoder port (terminal 15). The thermistor type is
selected in P1 Thermistor Type (03.118). On Unidrive M700 / M701, the motor thermistor can be selected in
Pr 07.015. Refer to Pr 07.015 for further information.

i
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Action Detail
The drive is able to perform either a stationary or a rotating autotune. The motor must be at a standstill before an
autotune is enabled. A stationary autotune will give moderate performance whereas a rotating autotune will give
improved performance as it measures the actual values of the motor parameters required by the drive.The drive is
able to perform a stationary, rotating, mechanical load measurement or locked rotor test autotune. The motor must
be at a standstill before an autotune is enabled. It is suggested that a rotating auto tune is used for accurate
measurement for position feedback phase angle.
+ A stationary autotune can be used when the motor is loaded and it is not possible to uncouple the load from the
motor shaft. A stationary autotune is performed to locate the flux axis of the motor. The stationary autotune
measures the stator resistance, inductance in flux axis, maximum deadtime compensation, inductance in torque
axis with no load on the motor and current at maximum deadtime compensation of the motor. These are used to
calculate the current loop gains, and at the end of the test the values in Pr 00.038 and Pr 00.039 are updated. If
Sensorless mode is not selected then Position Feedback Phase Angle (00.043) is set-up for the selected
position feedback.
* Avrotating autotune should only be used if the motor is uncoupled. The rotating autotune will rotate the motor by 0
up to 2 mechanical revolutions in the direction selected, regardless of the reference provided to obtain the
position feedback phase angle. A stationary autotune is then performed to obtain stator resistance, inductance in 0
Autotune flux axis, maximum deadtime compensation, inductance in torque axis with no load on the motor and current at
maximum deadtime compensation of the motor. From the above obtained parameters the current loop gains are
calculated, and at the end of the test the values in Pr 00.038 and Pr 00.039 are updated.
The rotating autotune will rotate the motor by up to 2 mechanical revolutions in the direction selected,
regardless of the reference provided. After a short delay, the motor is further rotated through a electrical
revolution. The enable signal must be removed before the drive can be made to run at the required
reference. The drive can be stopped at any time by removing the run signal or removing the drive enable.
To perform an autotune:
» Set Pr00.040 = 1 for a stationary autotune, Pr 00.040 = 2 for a rotating autotune.
+  Close the run signal (terminal 26 or 27 on Unidrive M700 / M701 and terminal 7 or 8 on Unidrive M702).
*  Close the drive enable signal (terminal 31 on Unidrive M700 / M701 and terminal 11 & 13 on Unidrive M702).
The upper row of the display will flash 'Auto Tune' while the drive is performing the test.
»  Wait for the drive to display 'Ready’ or 'Inhibit' and for the motor to come to a standstill.
If the drive trips it cannot be reset until the drive enable signal (terminal 31 on Unidrive M700 / M701 and terminal 11
& 13 on Unidrive M702) has been removed. See section 13 Diagnostics on page 245.
* Remove the drive enabled and run signal from the drive.
Save Select 'Save Parameters' in Pr MM.000 (alternatively enter a value of 1001 in Pr MM.000) and press red
parameters reset button or toggle the reset digital input.
Run Drive is now ready to run

©)
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Diagnostics information

7.3.5 RFC-Sensorless
Permanent magnet motor without position feedback

up

Action Detail
Ensure:
The drive enable signal is not given (terminal 31 on Unidrive M700/M701 and terminal 11 & 13 on Unidrive
Before power- M702)

* Run signal is not given
*  Motor is connected

Power-up the
drive

Verify that RFC-S mode is displayed as the drive powers up. If the mode is incorrect see section 5.6 Changing the
operating mode on page 45, otherwise restore parameter defaults (see section 5.8 Restoring parameter defaults on
page 45).

Ensure:

»  Drive displays ‘inhibit’

If the drive trips, see Chapter 13 Diagnostics on page 245.

Enter motor
nameplate
details

Enter:

*  Motor rated current in Pr 00.046 (A)
Ensure that this equal to or less than the Heavy Duty rating of the drive otherwise ‘Motor Too Hot’ trips may
occur during the autotune.

*  Number of poles in Pr 00.042

*  Motor rated voltage in Pr 00.044 (V)

Set maximum
speed

Enter:
*  Maximum speed in Pr 00.002 (rpm)

Set
acceleration /
deceleration
rates

Enter:

»  Acceleration rate in Pr 00.003 (s/1000 rpm). It is recommended that the ramp rates are increased from the
default value of 0.200 s/1000 rpm.

+  Deceleration rate in Pr 00.004 (s/1000 rpm) (If braking resistor installed, set Pr 00.015 = Fast. Also ensure
Pr 10.030, Pr 10.031 and Pr 10.061 are set correctly, otherwise premature ‘Brake R Too Hot’ trips may be seen).

003 =]

Set stop
mode

Enter:
*  Set Stop Mode to Ramp in Pr 06.001

Set hold zero
speed

Enter:
»  Set Hold Zero Speed to Off (0) in Pr 06.008.

The drive is able to perform a stationary autotune. The motor must be at a standstill before an autotune is enabled. A

stationary autotune will give moderate performance.

+ A stationary autotune is performed to locate the flux axis of the motor. The stationary autotune measures the
stator resistance, inductance in flux axis, inductance in torque axis with no load on the motor and values relating
to deadtime compensation from the drive. Measured values are used to calculate the current loop gains, and at
the end of the test the values in Pr 00.038 and Pr 00.039 are updated.

To perform an autotune:

R,

Autotune + Set Pr00.040 = 1 or 2 for a stationary autotune. (Both perform the same tests). Ld
+  Close the run signal (terminal 26 or 27 on Unidrive M700/M701 and terminal 7 or 8 on Unidrive M702). Notosdta
» Close the drive enable signal (terminal 31 on Unidrive M700/M701 and terminal 11 & 13 on Unidrive M702). The
upper row of the display will flash 'Auto Tune' while the drive is performing the test.
»  Wait for the drive to display 'Ready’ or 'Inhibit' and for the motor to come to a standstill.
If the drive trips it cannot be reset until the drive enable signal (terminal 31) has been removed. See Chapter 13
Diagnostics on page 245.
* Remove the drive enabled and run signal from the drive.
In sensorless mode, when the motor speed is below Pr 00.045 / 10, a special low speed algorithm must be used to
Check control the motor. There are two modes available, with the mode chosen based on the saliency of the motor.
Saliency The ratio No-load Lq (Pr 00.056) / Ld (Pr 05.024) provides a measure of the saliency. If this value is > 1.1, then
Injection (0) mode may be used. Current (2) mode may be used (but with limitations). If this value is < 1.1, then
Current (2) mode must be used (this is the default of Pr 05.064).
Save Select 'Save Parameters' in Pr mm.000 (alternatively enter a value of 1001 in Pr mm.000) and press red
parameters reset button or toggle the reset digital input.
Run Drive is now ready to run
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7.4  Setting up a feedback device
7.41 P1 position interface

This section shows the parameter settings which must be made to use each of the compatible feedback device types with P1 position interface on the
drive. For more information on the parameters listed here please refer to the Parameter Reference Guide.

Table 7-3 Parameters required for feedback device set-up on the P1 position interface

AB, FD, FR,
Parameter AB Fs;’;’:nf : :gm Hingace E:gat EnDat | SCSSI | SSI |SCBIiSS| BiSS |Resolver
SC Servo
P1 Marker Mode (03.031) v
P1 Rotary Turns Bits (03.033) P ° ° v v v v
P1 Rotary Lines Per Revolution (03.034) v ° ° v v
P1 Comms Bits (03.035) ° ° ° v v v v
P1 Supply Voltage (03.036)* v v v v v v v v
P1 Comms Baud Rate (03.037) v v v v v v
P1 Device Type (03.038) v v v v v v v v v
P1 Auto—configuration Select (03.041) v v v
P1 SSI Binary Mode (03.048) v v v v
P1 Resolver Poles (03.065) v
P1 Resolver Excitation (03.066) v
P1 Additional Configuration (03.074) v v

v Information required to be entered by the user.
e Parameter can be set-up automatically by the drive through auto-configuration parameter. Must be set by the user if auto-configuration is disabled
(i.e. Pr 03.041 = Disabled (0)).

Pr 03.036: If the output voltage from the encoder is >5 V, then termination resistors must be disabled by setting Pr 03.039 to 0.

Table 7-3 shows a summary of the parameters required to set-up each feedback device. More detailed information follows.

7.4.2 P1 position interface: Detailed feedback device commissioning / start-up information

Standard quadrature encoder with or without commutation signals (A, B, Zor A, B, Z, U, V, W), or

Sincos encoder wi i VW commutation signals

AB (0) for a quadrature encoder without commutation signals *
AB Servo (3) for a quadrature encoder with commutation signals

SC (6) for a Sincos encoder without commutation signals *

SC Servo (12) for a Sincos encoder with commutation signals

5V (0),8V (1)or15V (2)

Supply Voltage (03.036)

If output voltage from the encoder is >5 V, then the termination resistors must be disabled. Set Pr 03.039 to 0
Rotary Line Per Revolution (03.034) Set to the number of lines or sine waves per revolution of the encoder.

0 = A, B, Z termination resistors disabled

1 = A, B termination resistors enabled and Z termination resistors disabled
2 = A, B, Z termination resistors enabled

Device Type (03.038)

Termination Select (03.039)
(AB or AB Servo only)

Bit L
Description

X | x | x | 11 No action is taken unless marker flag is zero before marker event occurs

Marker Mode (03.031) x| x | 1] x] Pro03.028 and Pr 03.058 are set to zero

Pr 03.028, Pr 03.029, Pr 03.030 and the related part of Pr 03.058 are not reset.
Pr 03.058 is transferred to Pr 03.059 and Pr 03.032 is set to 1.

Undefined state region range is reduced from -30 mV to 30 mV. The marker pulse
is only recognized if the pulse is 10 us wide.

Bit _
Description
Error Detection Level (03.040)

X | x | x | 1 | Enable wire break detection

11 x| x| x | Disable trips Encoder 1 to Encoder 6

* These settings should only be used in RFC-A mode. If used in RFC-S mode a phase offset test must be performed after every power up.
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Incremental encoder with Frequency and Direction (F and D) or Forward and Reverse (CW and CCW) signals with or without commutation

signals.

FD (1) for frequency and direction signals without commutation signals*
FR (3) for forward and reverse signals without commutation signals*

FD Servo (4) for frequency and direction signals with commutation signals
FR Servo (5) for forward and reverse signals with commutation signals

5V (0),8V (1) or15V (2)

Device Type (03.038)

NOTE

Supply Voltage (03.036) _

If output voltage from the encoder is >5 V, then the termination resistors must be disabled. Set Pr 03.039 to
0

Rotary Line Per Revolution (03.034) Set to the number of pulses per revolution of the encoder divided by 2.

0 =F or CW, D or CCW, Z termination resistors disabled

Termination Select (03.039) 1=F or CW, D or CCW termination resistors enabled and Z termination resistors disabled
2 = For CW, D or CCW, Z termination resistors enabled

Bit i
Description

X | X | X | 1] No action is taken unless marker flag is zero before marker event occurs

Marker Mode (03.031) X | x| 1] x| Pro03.028 and Pr 03.058 are set to zero

Pr 03.028, Pr 03.029, Pr 03.030 and the related part of Pr 03.058 are not reset.
Pr 03.058 is transferred to Pr 03.059 and Pr 03.032 is set to 1.

Undefined state region range is reduced from -30 mV to 30 mV. The marker pulse
is only recognized if the pulse is 10 us wide.

Bit o
Description
Error Detection Level (03.040)

x | x | x | 1| Enable wire break detection

X | Disable trips Encoder 1 to Encoder 7

* These settings should only be used in RFC-A mode. If used in RFC-S mode a phase offset test must be performed after every power up.

Absolute Sincos encoder with Hiperface or EnDat serial communication, or

Absolute EnDat communication only encoder

SC Hiperface (7) for a Sincos encoder with Hiperface serial communications

Device Type (03.038) EnDat (8) for an EnDat communications only encoder
SC EnDat (9) for a Sincos encoder with EnDat serial communications
Supply Voltage (03.036) 5V (0),8V (1)or15V (2)

Auto-configuration is enabled at default and automatically sets up the following parameters.
Rotary Turns Bits (03.033)

Rotary Lines Per Revolutions (03.034)

Comms Bits (03.035)

These parameters can be entered manually when Pr 03.041 is set to Disabled (0).

Auto-configuration Select (03.041)

Comms Baud Rate (03.037) 100 k, 200 k, 300 k, 400 k, 500k, 1 M, 1.5M,2 M, 4 M
Bit —
Description
Error Detection Level (03.040) x | x| x | 1] Enable wire break detection

x | x | 1| x | Enable phase error detection

X | X | Disable trips Encoder 1 to Encoder 6

So for example, to enable the wire break and phase error detection, set Pr 03.040 to 0011.
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Absolute SSI communications only encoder, or Absolute Sincos encoder with SSI communications

SSI (10) for a SSI communications only encoder
SC SSI (11) for a Sincos encoder with SSI serial communications

Supply Voltage (03.036) 5V (0),8V(1)or15V (2)
Rotary Line Per Revolution (03.034) Set the number of sine waves per revolution of the encoder
Off = Gray Code

Device Type (03.038)

SSI Binary Mode (03.048) On = Binary Mode
Rotary Turns Bits (03.033) Set to the number of turns bits for the encoder (this is normally 12 bits for a SSI encoder)
Comms Bits (03.035) Total number of bits of position information (this is usually 25 bits for a SSI encoder)
Comms Baud Rate (03.037) 100 k, 200 k, 300 k, 400 k, 500 k, 1 M, 1.5M,2 M, 4 M
Bit e
Description
] X | X | x [ 1] Enable wire break detection

Error Detection Level (03.040) -

x | x | 1| x | Enable phase error detection

x | 1] x | x | Enable SSI power supply alarm bit monitor

1| x| x | x | Disable trips Encoder 1 to Encoder 6

So for example, to enable the wire break and phase error detection, set Pr 03.040 to 0011.
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BiSS or SC BiSS setup

P1 Device Type (03.038)

BiSS (13) for a BiSS communications only encoder
SC BiSS (17) for Sincos encoder with BiSS communications

Supply Voltage (03.036)

5V (0),8V (1) or15V (2)

P1 Rotary Turns Bits (03.033)

Set to the number of turns bits for the encoder.

Some BiSS encoders include zero padding either before or after the turns information (see P17 Additional
Configuration (03.074) below). P1 Rotary Turns Bits (03.033) should include the actual turns bits and the
additional padding.

(03.034)

P1 Rotary Lines Per Revolution

SC BiSS only
Set to the number sine waves per revolution for the encoder.

P1 Comms Bits (03.035)

Set to the Total number of bits of position information in the comms message from the encoder excluding
the warning and error bits. It is always assumed there is one warning bit and one error bit. The length of
the position information includes any zero padding that is included by the encoder.

Turns Turns Position Position
Padding Padding /E /W | CRC
- |

P1 Comms Bits (03.035)

Comms Baud Rate (03.037)

BiSS only

Set the baud required baud rate. 2Mbaud or 4Mbaud is likely to be required.

Any baud rate that is within the range specified for the encoder may be used. The line delay is measured
during initialisation, and is used to compensate this delay during communications with the encoder.
Therefore there is no timing based restriction on the length of the cable between the position feedback
interface and the encoder. However, care should be taken to ensure that the wiring arrangement and the
type of cable used are suitable for the selected baud rate and the distance between the position interface
and the encoder. See P1 Low Speed Update Rate Active (03.063) in the Parameter Reference Guide for
more details on timing restrictions related to the drive sample times.

P1 Calculation Time (03.060)

The calculation time (t.,) may be longer than the default given in parameter 03.060. This time is referred
to as tysy in the BiSS specification and is the time from the first rising edge of the MA signal to the rising

edge of the start bit. It may be necessary to check this time with a scope if the encoder does not
communicate and the data is not available from the encoder datasheet.

P1 Additional Configuration (03.074)

The CRC polynomial and rotary turns and position padding need to be configured in this parameter. This
information should be available on the encoder datasheet.

P1 Additional Configuration (03.074) provides configuration information, not covered by the other set-up
parameters, for the position feedback device connected to the P1 position feedback interface and is
specific to the type of device being used.

This parameter is split into 3 fields as shown below.

Decimal Digits 9-6 5-3 2-0
CRC polynomial | Rotary Turns Padding | Rotary Position Padding
Commonly used value | 0067 000 000

CRC polynomial

The CRC polynomial is a bit representation of the terms of a polynomial used to generate the CRC applied
to the position and the additional data transferred to/from the encoder via the BiSS communications

channel. The standard value is 0067 which in hexadecimal is 0x0043, or in binary form is 0000 0000 0100
0011. The bits that are set to one show which terms exist in the polynomial. The standard value has bits 6,

1 and 0 set to one and gives the polynomial normally used with BiSS encoders which is X8+x1+1. If the
encoder uses a different polynomial then this can be selected with the four digits (9-6). The maximum
value is 511 (0x01FF), and so a polynomial up to degree 10 can be set up.

Rotary Turns Padding and Rotary Position Padding

The turns, and position within a turn, provided by a rotary encoder may not completely fill the number of
bits provided. The unfilled bits will be padded with zeros. The total number of bits provided for the turns
including zero padding is given by P71 Rotary Turns Bits (03.033). The zero padding is given by decimal
digits 5 to 3 of P71 Additional Configuration (03.074). Digits 4 and 3 give the number of bits and digit 5
specifies whether the padding is on the left (0) or on the right (1). For example a value of 104 would
specify 4 padding bits on the right of the turns data. The default value of 000 specifies no padding. If the
padding value is outside the range +/-16 then an Encoder 14 is initiated. The total number of bits provided
for position within a turn is given by:

P1 Comms Bits (03.035) - P1 Rotary Turns Bits (03.033).

The zero padding is given by decimal digits 2 to 0 of P17 Additional Configuration (03.074) in the same
manner as is used for the turns padding. It is not possible to specify zero padding for linear encoders.
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Device Type (03.038)

UVW commutation signal only encoders*

Commutation Only (16) for a quadrature encoder with commutation signals*

Supply Voltage (03.036)

5V (0),8V (1)or15V (2)

Error Detection Level (03.040)

Set to zero to disable wire break detection

* This feedback device provides very low resolution feedback and should not be used for applications requiring a high level of performance.

Due to the low resolution of UVYW communication only encoders, it is recommended that the P71 Feedback Filter (03.042) is set to its maximum value.
A value of 1 ms to 2 ms may also be required in the Current Reference Filter (00.017) and it is also recommended that the speed loop gains are set
to a low value to obtain stable operation.

Resolver
Device Type (03.038)

Resolver (14)

Resolver Poles (03.065)

Set number of Resolver poles
2 poles (1) to 20 poles (10)

Resolver Excitation (03.066)

Set Resolver excitation voltage and frequency
6kHz 3V (0), 8kHz 3V (1), 6kHz 2V (2), 8kHz 2V (3)

Error Detection Level (03.040)

Bit

Description

X | x | x [ 1] Enable wire break detection

X | X | X ¥ Disable trips Encoder 1 to Encoder 6

So for example, to enable the wire break error detection, set Pr 03.040 to 0001.
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7.4.3 P2 position interface

This section shows the parameter settings which must be made to use each of the compatible feedback device types with the P2 position interface on
the drive. For more information on the parameters listed here please refer to the Parameter Reference Guide. If the position feedback device
connected to the P2 position interface is required to be used for motor control feedback then Pr 03.026 will need to be set to P2 Drive (1).

Table 7-4 Parameters required for feedback device set-up on the P2 position interface

Parameter AB, FD, FR EnDat SSI BiSS

P2 Marker Mode (03.131) v

P2 Rotary Turns Bits (03.133) ° ° v
P2 Rotary Lines Per Revolution (03.134) v

P2 Comms Bits (03.135) ° ° v
P2 Comms Baud Rate (03.137) v v v
P2 Device Type (03.138) v v v v
P2 Auto—configuration Select (03.141) v

P2 Additional Configuration (03.174) v

v Information required to be entered by the user.
e Parameter can be set-up automatically by the drive through auto-configuration. Parameter must be set by the user if auto-configuration is
disabled (i.e. Pr 03.141 = Disabled (0)).

The P2 position interface does not have its own independent power supply output. Therefore, any position feedback device connected to the P2
position interface must either share the P1 power supply output on pin 13 of the 15-way D-type, or be supplied from an external source.

NOTE

The termination resistors are always enabled on the P2 position interface. Wire break detection is not available when using AB, FD or FR position
feedback device types on the P2 position interface.

Table 7-4 shows a summary of the parameters required to set-up each feedback device. More detailed information follows.

Standard quadrature encoder (A, B, Z)

Device Type (03.138) AB (1) for a quadrature encoder
Rotary Line Per Revolution (03.134) Set to the number of lines per revolution of the encoder
Bit e
Description

X | X | X | 11 No action is taken unless marker flag is zero before marker event occurs
Marker Mode (03.131) x | x | 1] x | Pro3.128 and Pr 03.158 are set to zero

Pr 03.128, Pr 03.129, Pr 03.130 and the related part of Pr 03.158 are not reset.
Pr 03.158 is transferred to Pr 03.159 and Pr 03.132 is set to 1.

1| x | x | x | This Bit in has no effect.

Incremental encoder with Frequency and Direction (F and D), or Forward and Reverse (CW and CCW) signals

FD (2) for frequency and direction signals without commutation signals
FR (3) for forward and reverse signals without commutation signals

Rotary Line Per Revolution (03.134) Set to the number of pulses per revolution of the encoder divided by 2

Device Type (03.138)

Bit _n
Description

X | X | X | 11 No action is taken unless marker flag is zero before marker event occurs
Marker Mode (03.131) x | x| 1|x| Pr03.128 and Pr 03.158 are set to zero

Pr 03.128, Pr 03.129, Pr 03.130 and the related part of Pr 03.158 are not reset.
Pr 03.158 is transferred to Pr 03.159 and Pr 03.132 is set to 1.

1| x| x | x | This Bit in has no effect.
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Absolute EnDat communication only encoder

Device Type (03.138) EnDat (4) for an EnDat communications only encoder

Auto-configuration is enabled at default and automatically sets up the following parameters:
Rotary Turns Bits (03.133)

Comms Bits (03.135)

These parameters can be entered manually when Pr 03.141 is set to Disabled (0).

Auto-configuration Select (03.141)

Comms Baud Rate (03.137) 100 k, 200 k, 300 k, 400 k, 500k, 1 M, 1.5M,2 M, 4 M

Error Detection Level (03.140) Description

1| x | x | x | Disable trips Encoder 4 to Encoder 6

Absolute SSI communications only encoder

Device Type (03.138) SSI (5) for a SSI communications only encoder

Off (0) = Gray Code

SSI Binary Mode (03.148) On (1) = Binary Mode

Rotary Turns Bits (03.133) Set to the number of turns bits for the encoder (this is usually 12 bits for a multi-turn SSI encoder)
Comms Bits (03.135) Total number of bits of position information for the encoder (this is usually 25 bits for a multi-turn SSI
encoder)
Comms Baud Rate (03.137) 100 k, 200 k, 300 k, 400 k, 500 k, 1 M, 1.5M,2 M, 4 M
Bit e
Description

Error Detection Level (03.140)

X | 1| x| x | Enable SSI power supply alarm bit monitor
1| x | x | x | Disable trips Encoder 4 to Encoder 6
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BiSS or SC BiSS setup
P2 Device Type (03.138)

BiSS (6) for a BiSS communications only encoder

Supply Voltage (03.036)

5V (0),8V (1)or15V (2)

P2 Rotary Turns Bits (03.133)

Set to the number of turns bits for the encoder.

Some BiSS encoders include zero padding either before or after the turns information (see P2 Additional
Configuration (03.174) below). P2 Rotary Turns Bits (03.133) should include the actual turns bits and the
additional padding.

P2 Comms Bits (03.135)

Set to the Total number of bits of position information in the comms message from the encoder excluding
the warning and error bits. It is always assumed there is one warning bit and one error bit. The length of
the position information includes any zero padding that is included by the encoder.

Turns Turns Position Position
Padding Padding /E /W | CRC
- |

P2 Comms Bits (03.135)

P2 Comms Baud Rate (03.137)

BiSS only

Set the baud required baud rate. 2Mbaud or 4Mbaud is likely to be required.

Any baud rate that is within the range specified for the encoder may be used. The line delay is measured
during initialisation, and used to compensate this delay during communications with the encoder.
Therefore there is no timing based restriction on the length of the cable between the position feedback
interface and the encoder. However, care should be taken to ensure that the wiring arrangement and the
type of cable used are suitable for the selected baud rate and the distance between the position interface
and the encoder. See P2 Low Speed Update Rate Active (03.163) in the Parameter Reference Guide for
more details on timing restrictions related to the drive sample times.

P2 Calculation Time (03.160)

The calculation time (t;5) may be longer than the default given in parameter 03.160. This time is referred
to as tysy in the BiSS specification and is the time from the first rising edge of the MA signal to the rising

edge of the start bit. It may be necessary to check this time with a scope if the encoder does not
communicate and the data is not available from the encoder datasheet.

P2 Additional Configuration (03.174)

The CRC polynomial and rotary turns and position padding need to be configured in this parameter. This
information should be available on the encoder datasheet.

P2 Additional Configuration (03.174) provides configuration information, not covered by the other set-up
parameters, for the position feedback device connected to the P2 position feedback interface and is
specific to the type of device being used.

This parameter is split into 3 fields as shown below.

Decimal Digits 9-6 5-3 2-0
CRC polynomial | Rotary Turns Padding | Rotary Position Padding
Commonly used value |0067 000 000

CRC polynomial

The CRC polynomial is a bit representation of the terms of a polynomial used to generate the CRC applied
to the position and the additional data transferred to/from the encoder via the BiSS communications

channel. The standard value is 0067 which in hexadecimal is 0x0043, or in binary form is 0000 0000 0100
0011. The bits that are set to one show which terms exist in the polynomial. The standard value has bits 6,

1 and 0 set to one and gives the polynomial normally used with BiSS encoders which is X8+X1+1. If the
encoder uses a different polynomial then this can be selected with the four digits (9-6). The maximum
value is 511 (0x01FF), and so a polynomial up to degree 10 can be set up.

Rotary Turns Padding and Rotary Position Padding

The turns, and position within a turn, provided by a rotary encoder may not completely fill the number of
bits provided. The unfilled bits will be padded with zeros. The total number of bits provided for the turns
including zero padding is given by P2 Rotary Turns Bits (03.133). The zero padding is given by decimal
digits 5 to 3 of P2 Additional Configuration (03.174). Digits 4 and 3 give the number of bits and digit 5
specifies whether the padding is on the left (0) or on the right (1). For example a value of 104 would
specify 4 padding bits on the right of the turns data. The default value of 000 specifies no padding. If the
padding value is outside the range +/-16 then an Encoder 14 is initiated. The total number of bits provided
for position within a turn is given by:

P2 Comms Bits (03.135) — P2 Rotary Turns Bits (03.133).

The zero padding is given by decimal digits 2 to 0 of P2 Additional Configuration (03.174) in the same
manner as is used for the turns padding. It is not possible to specify zero padding for linear encoders.
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7.5 Encoder Simulation Output Set-up

The drive supports four modes of encoder simulation output.

* Hardware mode - Incremental signals (AB, FD, FR)
+ Software mode - Incremental signals (AB, FD, FR)
» Software mode - Ratio
* Software mode - Absolute SSI data
The availability of the encoder simulation output on the 15-way D-type on the drive is dependent on the type of feedback device connected to the P1
position interface. See Table 4-9 on page 32 for more information on the availability of the encoder simulation output. The status of the encoder
simulation output can be seen in Encoder Simulation Status (03.086) as follows:
None (0) The encoder simulation output is not enabled or is not available
Full (1) Full encoder simulation with marker output is available
No Marker (2) Encoder simulation without marker output is available

This section shows the parameter settings which must be made to use the encoder simulation output on the drive. For more information on the
parameters listed here please refer to the Parameter Reference Guide.

7.51 Hardware mode - Incremental signals (AB, FD, or FR)
Hardware mode provides incremental signals derived via hardware from the P1 position feedback interface on the drive, with negligible delay. The
supported incremental output signals are AB, FD and FR. Hardware mode only produces an output when the input device connected to the P1

position interface is AB, FD, FR, SC, SC Hiperface, SC EnDat or SC SSI type devices. It should be noted that with a SINCOS source device the
output is based on the zero crossings of the sine wave inputs and does not include interpolation.

Hardware mode set-up
Encoder Simulation Source (03.085) This parameter must be set to 03.029 to select the P1 position interface as the source.
Encoder Simulation Mode (03.088) Set to a value of Hardware (0)

This parameter defines the divider ratio between the device connected to the P1 position feedback
interface and the output.

0=1/1
1=1/2
Encoder Simulation Hardware Divider 2=1/4
(03.089) 3=1/8
4=1/16
5=1/32
6=1/64
7=1/128

0 = The marker output is derived directly from the marker input
1 = The incremental output signals are adjusted on each marker event so that the A and B are high
with an AB type output, or F is high with an FD or FR type output

Encoder Simulation Hardware Marker Lock
(03.090)

AB/Gray (0) for a AB quadrature output signals
Encoder Simulation Output Mode (03.098) | FD/Binary (1) for Frequency and Direction output signals
FR/Binary (2) for Forward and Reverse output signals

7.5.2 Software mode - Incremental signals (AB, FD, or FR)

In software mode the encoder simulation output is derived via software from the selected source with a minimum delay of 250 us which may be
extended with Encoder Simulation Sample Period (03.087). For incremental output signals, the resolution of the output can be defined by either
selecting the required output lines per revolution or by an output ratio.

Lines per revolution
The output resolution of the encoder simulation output is defined by Encoder Simulation Output Lines Per Revolution (03.092).

AB quadrature output signals, software mode setup — Lines per revolution

Set to the parameter number of the position source
Pr 03.029 to use the P1 position interface on the drive as the source.

Encoder Simulation Source (03.085) Pr 03.129 to use the P2 position interface on the drive as the source.
This parameter can be set to any other valid position reference generated by the drive or an option
module.

Encoder Simulation Mode (03.088) Set to a value of Lines Per Rev (1)

Encoder Simulation Output Lines Per
Revolution (03.092)

Encoder Simulation Output Mode (03.098) | ABI/Gray (0) for a AB quadrature output signals

Set to the required output lines per revolution. The maximum output lines per revolution are 16384.
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Frequency and Direction or Forward and Reverse output signals, software mode setup — Lines per revolution

Encoder Simulation Source (03.085)

Set to the parameter number of the position source
Pr 03.029 to use the P1 position interface on the drive as the source.
Pr 03.129 to use the P2 position interface on the drive as the source.

module.

This parameter can be set to any other valid position reference generated by the drive or an option

Encoder Simulation Mode (03.088)

Set to a value of Lines Per Rev (1)

Encoder Simulation Output Lines Per
Revolution (03.092)

is required, set this parameter to 1000.

Set to the required output pulse per revolution divided by 2. For example if 2000 pulses per revolution

Encoder Simulation Output Mode (03.098)

FD/Binary (1) for Frequency and Direction output signals
FR/Binary (2) for Forward and Reverse output signals
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Ratio

In ratio mode the resolution of the input source is based on a 16 bit position feedback device (i.e. equivalent to an AB quadrature encoder with a
resolution of 16384 lines per revolution). The output resolution of the encoder simulation output is defined by the ratio of Encoder Simulation
Numerator (03.093) and Encoder Simulation Denominator (03.094).

AB quadrature output signals, software mode setup — Ratio

Frequency and Directi r Forward and Reverse output signals, software mode setup

Set to the parameter number of the position source

Pr 03.029 to use the P1 position interface on the drive as the source.

Encoder Simulation Source (03.085) Pr 03.129 to use the P2 position interface on the drive as the source.

This parameter can be set to any other valid position reference generated by the drive or an
option module.

Encoder Simulation Mode (03.088) Set to a value of Ratio (2)

Encoder Simulation Numerator (03.093) and
Encoder Simulation Denominator (03.094)

Set these two parameters to give the required output ratio.

AB/Gray (0) for a AB quadrature output signals
Encoder Simulation Output Mode (03.098) FD/Binary (1) for Frequency and Direction output signals
FR/Binary (2) for Forward and Reverse output signals

Software mode - Absolute SSI data

In software mode the encoder simulation output is derived via software from the selected source with a minimum delay of 250 us which may be
extended with Encoder Simulation Sample Period (03.087). In SSI output mode drive will simulate an SSI encoder, where the number of bits and the
format of the position message can be adjusted.

Absolute SSI data, software mode setup

Set to the parameter number of the position source

Pr 03.029 to use the P1 position interface on the drive as the source.

Encoder Simulation Source (03.085) Pr 03.129 to use the P2 position interface on the drive as the source.

This parameter can be set to any other valid position reference generated by the drive or an
option module.

Encoder Simulation Mode (03.088) Set to a value of SSI (3)

Encoder Simulation SSI Turns Bits (03.096) Set to the number of bits representing the number of turns in the position message.
Encoder Simulation SSI Comms Bits (03.097) | Set to the number bits in the whole position message.

AB/Gray (0) for position data in Gray code format

FD/Binary (1) or FR/Binary (2) for position data in binary format

Encoder Simulation Output Mode (03.098)
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8 Optimization

This chapter takes the user through methods of optimizing the drive set-up and maximize the performance. The auto-tuning features of the drive
simplify the optimization tasks.

8.1 Motor map parameters
8.1.1  Open loop motor control
Pr 00.046 {05.007} Rated Current

The rated current parameter must be set to the maximum continuous current of the motor. (See section 8.2 Maximum motor rated current on

page 108, for information about setting this parameter higher than the maximum Heavy Duty current rating). The motor rated current is used in
the following:

e Current limits (see section 8.3 Current limits on page 108, for more information)

* Motor thermal overload protection (see section 8.4 Motor thermal protection on page 108, for more information)

*  Vector mode voltage control (see Open Loop Control Mode (00.007), later in this table)

« Slip compensation (see Enable Slip Compensation (05.027), later in this table)

*  Dynamic V/F control

Defines the maximum continuous motor current

Pr 00.044 {05.009} Rated Voltage Defines the voltage applied to the motor at rated frequency
Pr 00.047 {05.006} Rated Frequency Defines the frequency at which rated voltage is applied

Output Output voltage characteristic

voltage A

The Rated Voltage (00.044) and the Rated Frequency (00.047) are used Proo.od4 -
to define the voltage to frequency characteristic applied to the motor (see
Open Loop Control Mode (00.007), later in this table). The Rated
Frequency (00.047) is also used in conjunction with the motor rated r00.084/2 |eeeeenn
speed to calculate the rated slip for slip compensation (see Rated Speed i
(00.045), later in this table).

>

»>
Pr00.047/2  Pr00.047 Output
frequency

Pr 00.045 {05.008} Rated Speed Defines the full load rated speed of the motor

Pr 00.042 {05.011} Number Of Motor Poles Defines the number of motor poles

The motor rated speed and the number of poles are used with the motor rated frequency to calculate the rated slip of induction machines in Hz.
Rated slip (Hz) = Motor rated frequency - (Number of pole pairs x [Motor rated speed / 60]) = 00.047 = (99—5!3 X O_Qé%ﬁ)

If Pr 00.045 is set to 0 or to synchronous speed, slip compensation is disabled. If slip compensation is required this parameter should be set to the
nameplate value, which should give the correct rpm for a hot machine. Sometimes it will be necessary to adjust this when the drive is commissioned
because the nameplate value may be inaccurate. Slip compensation will operate correctly both below base speed and within the field-weakening
region. Slip compensation is normally used to correct for the motor speed to prevent speed variation with load. The rated load rpm can be set higher
than synchronous speed to deliberately introduce speed droop. This can be useful to aid load sharing with mechanically coupled motors.

Pr 00.042 is also used in the calculation of the motor speed display by the drive for a given output frequency. When Pr 00.042 is set to ‘Automatic’,
the number of motor poles is automatically calculated from the rated frequency Pr 00.047, and the motor rated speed Pr 00.045.

Number of poles = 120 x (Rated Frequency (00.047) / Rated Speed (00.045)) rounded to the nearest even number.
Pr 00.043 {05.010} Rated Power Factor Defines the angle between the motor voltage and current

The power factor is the true power factor of the motor, i.e. the angle between the motor voltage and current. The power factor is used in conjunction
with the Rated Current (00.046), to calculate the rated active current and magnetising current of the motor. The rated active current is used
extensively to control the drive, and the magnetising current is used in vector mode stator resistance compensation. It is important that this
parameter is set up correctly. The drive can measure the motor rated power factor by performing a rotating autotune (see Autotune (Pr 00.040),
overleaf).
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Pr 00.040 {05.012} Autotune

There are two autotune tests available in open loop mode, a stationary and a rotating test. A rotating autotune should be used whenever possible so
the measured value of power factor of the motor is used by the drive.

» A stationary autotune can be used when the motor is loaded and it is not possible to remove the load from the motor shaft. The stationary test
measures the Stator Resistance (05.017), Transient Inductance (05.024), Maximum Deadtime Compensation (05.059) and Current At
Maximum Deadtime Compensation (05.060) which are required for good performance in vector control modes (see Open Loop Control Mode
(00.007), later in this table). The stationary autotune does not measure the power factor of the motor so the value on the motor nameplate must
be entered into Pr 00.043. To perform a Stationary autotune, set Pr 00.040 to 1, and provide the drive with both an enable signal (terminal 31 on
Unidrive M700 / M701 and terminal 11 & 13 on Unidrive M702) and a run signal (terminal 26 or 27 on Unidrive M700 / M701 and terminal 7 or 8
on Unidrive M702).

» A rotating autotune should only be used if the motor is unloaded. A rotating autotune first performs a stationary autotune, as above, then a
rotating test is performed in which the motor is accelerated with currently selected ramps up to a frequency of Rated Frequency (05.006) x 2/3,
and the frequency is maintained at that level for 4 seconds. Stator Inductance (05.025) is measured and this value is used in conjunction with
other motor parameters to calculate Rated Power Factor (05.010). To perform a Rotating autotune, set Pr 00.040 to 2, and provide the drive with
both an enable signal (terminal 31 on Unidrive M700 / M701 and terminal 11 & 13 on Unidrive M702) and a run signal (terminal 26 or 27 on
Unidrive M700 / M701 and terminal 7 or 8 on Unidrive M702).

Following the completion of an autotune test the drive will go into the inhibit state. The drive must be placed into a controlled disable condition
before the drive can be made to run at the required reference. The drive can be put in to a controlled disable condition by removing the Safe Torque
Off signal from terminal 31 on Unidrive M700/ M701 and terminal 11 & 13 on Unidrive M702, setting the Drive Enable (06.015) to OFF (0) or
disabling the drive via the Control Word (06.042) and Control Word Enable (06.043).

Pr 00.007 {05.014} Open Loop Control Mode

There are several voltage modes available which fall into two categories, vector control and fixed boost.

Vector control

Vector control mode provides the motor with a linear voltage characteristic from 0 Hz to motor Rated Frequency (00.047), and then a constant
voltage above motor rated frequency. When the drive operates between motor rated frequency/50 and motor rated frequency/4, full vector based
stator resistance compensation is applied. When the drive operates between motor rated frequency/4 and motor rated frequency/2 the stator
resistance compensation is gradually reduced to zero as the frequency increases. For the vector modes to operate correctly the Rated Power
Factor (00.043), Stator Resistance (05.017) are all required to be set up accurately. The drive can be made to measure these by performing an
autotune (see Pr 00.040 Autotune). The drive can also be made to measure the stator resistance automatically every time the drive is enabled or
the first time the drive is enabled after it is powered up, by selecting one of the vector control voltage modes.

(0) Ur S = The stator resistance is measured and the parameter for the selected motor map is over-written each time the drive is made to run.
This test can only be done with a stationary motor where the flux has decayed to zero. Therefore this mode should only be used if the motor is
guaranteed to be stationary each time the drive is made to run. To prevent the test from being done before the flux has decayed there is a period
of 1 second after the drive has been in the ready state during which the test is not done if the drive is made to run again. In this case, previously
measured values are used. Ur S mode ensures that the drive compensates for any change in motor parameters due to changes in temperature.
The new value of stator resistance is not automatically saved to the drive's EEPROM.

(1) Ur = The stator resistance is not measured. The user can enter the motor and cabling resistance into the Stator Resistance (05.017).
However this will not include resistance effects within the drive inverter. Therefore if this mode is to be used, it is best to use an autotune test
initially to measure the stator resistance.

(3) Ur_Auto = The stator resistance is measured once, the first time the drive is made to run. After the test has been completed successfully
the Open Loop Control Mode (00.007) is changed to Ur mode. The Stator Resistance (05.017) parameter is written to, and along with the Open
Loop Control Mode (00.007), are saved in the drive's EEPROM. If the test fails, the voltage mode changes to Ur mode but Stator Resistance
(05.017) is not updated.

(4) Ur | = The stator resistance is measured when the drive is first made to run after each power-up. This test can only be done with a stationary
motor. Therefore this mode should only be used if the motor is guaranteed to be stationary the first time the drive is made to run after each
power-up. The new value of stator resistance is not automatically saved to the drive's EEPROM.
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Pr 00.007 {05.014} Open Loop Control Mode (cont)
Fixed boost

The stator resistance is not used in the control of the motor, instead a fixed characteristic with low frequency voltage boost as defined by parameter
Pr 00.008, is used. Fixed boost mode should be used when the drive is controlling multiple motors. There are two settings of fixed boost available:
(2) Fixed = This mode provides the motor with a linear voltage characteristic from 0 Hz to Rated Frequency (00.047), and then a constant voltage
above rated frequency.

(5) Square = This mode provides the motor with a square law voltage characteristic from 0 Hz to Rated Frequency (00.047), and then a constant
voltage above rated frequency. This mode is suitable for variable torque applications like fans and pumps where the load is proportional to the
square of the speed of the motor shaft. This mode should not be used if a high starting torque is required.

For both these modes, at low frequencies (from OHz to ¥z x Pr 00.047) a voltage boost is applied defined by Pr 00.008 as shown below:

vol har: risti
Output Output vo tagFedc aracteristic Output 4 Output voltage characteristic
voltage A (Fd) voltage (Square)
Pr00.044{-——— === ====----- :
Pr 00.044 |
Pr 00.008 + [(freq/Pr 00.047)° x (Pr 00.044 - Pr 00 408)]
1
1
1
1
1
\ |
1
Pr00.044 /2 1
1
1
1
1
. |
. : : 1
Voltage boost : : Voltage boost 1
Pr00.008| |: : : . Proc.oog | ! .
Lad L
Pr00.047 /2 Pr00.047 Output Pr00.047 Output
frequency frequency

Pr 05.027 Enable Slip Compensation

When a motor, being controlled in open loop mode, has load applied a characteristic of the motor is that the output speed droops in proportion to the
load applied as shown:

Demanded speed

Shaft speed

Load

In order to prevent the speed droop shown above slip compensation should be enabled. To enable slip compensation Pr 05.027 must be setto a 1
(this is the default setting), and the motor rated speed must be entered in Pr 00.045 (Pr 05.008).

The motor rated speed parameter should be set to the synchronous speed of the motor minus the slip speed. This is normally displayed on the
motor nameplate, i.e. for a typical 18.5 kW, 50 Hz, 4 pole motor, the motor rated speed would be approximately 1465 rpm. The synchronous speed
for a 50 Hz, 4 pole motor is 1500 rpm, so therefore the slip speed would be 35 rpm. If the synchronous speed is entered in Pr 00.045, slip
compensation will be disabled. If too small a value is entered in Pr 00.045, the motor will run faster than the demanded frequency. The synchronous
speeds for 50 Hz motors with different numbers of poles are as follows:

2 pole = 3000 rpm, 4 pole = 1500 rpm, 6 pole =1000 rpm, 8 pole = 750 rpm
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8.1.2 RFC-A mode
Induction motor with Position feedback

Pr 00.046 {05.007} Motor Rated Current Defines the maximum motor continuous current

The motor rated current parameter must be set to the maximum continuous current of the motor. (See section 8.2 Maximum motor rated current on
page 108, for information about setting this parameter higher than the maximum Heavy Duty current rating.) The motor rated current is used in the
following:

*  Current limits (see section 8.3 Current limits on page 108, for more information).
* Motor thermal overload protection (see section 8.4 Motor thermal protection on page 108, for more information)
«  Vector control algorithm

Pr 00.044 {05.009} Rated Voltage Defines the voltage applied to the motor at rated frequency

Pr 00.047 {05.006} Rated Frequency Defines the frequency at which rated voltage is applied

The Rated Voltage (00.044) and the Rated Frequency (00.047) are used

to define the voltage to frequency characteristic applied to the motor (see Output Output voltage characteristic
Open Loop Control Mode (00.007), later in this table). The motor rated voliage A

frequency is also used in conjunction with the motor rated speed to Pr00.04d |

calculate the rated slip for slip compensation (see motor Rated Speed
(00.045), later in this table).

Pr00.044/2}---------- /
Pr00.047/2  Pr00.047 Output
frequency
Pr 00.045 {05.008} Rated Speed Defines the full load rated speed of the motor
Pr 00.042 {05.011} Number Of Motor Poles Defines the number of motor poles

The motor rated speed and motor rated frequency are used to determine the full load slip of the motor which is used by the vector control algorithm.
Incorrect setting of this parameter has the following effects:

* Reduced efficiency of motor operation

* Reduction of maximum torque available from the motor

* Reduced transient performance

» Inaccurate control of absolute torque in torque control modes

The nameplate value is normally the value for a hot motor; however, some adjustment may be required when the drive is commissioned if the
nameplate value is inaccurate. Either a fixed value can be entered in this parameter or an optimization system may be used to automatically adjust
this parameter (see Rated Speed Optimisation Select (00.033), later in this table).

When Pr 00.042 is set to 'Automatic’, the number of motor poles is automatically calculated from the motor Rated Frequency (00.047), and the
motor Rated Speed (00.045).

Number of poles = 120 x (Motor Rated Frequency (00.047 / Motor Rated Speed (00.045) rounded to the nearest even number.

Pr 00.043 {5.10} Rated Power Factor Defines the angle between the motor voltage and current

The power factor is the true power factor of the motor, i.e. the angle between the motor voltage and current. If the Stator Inductance (05.025) is set
to zero then the power factor is used in conjunction with the motor Rated Current (00.046) and other motor parameters to calculate the rated active
and magnetising currents of the motor, which are used in the vector control algorithm. If the stator inductance has a non-zero value this parameter
is not used by the drive, but is continuously written with a calculated value of power factor. The stator inductance can be measured by the drive by
performing a rotating autotune (see Autotune (Pr 00.040), later in this table).
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Pr 00.040 {05.012} Autotune

There are four autotune tests available in RFC-A mode, a stationary autotune, a rotating autotune, two mechanical load measurement tests. A
stationary autotune will give moderate performance whereas a rotating autotune will give improved performance as it measures the actual values of
the motor parameters required by the drive. A mechanical load measurement test should be performed separately to a stationary or rotating
autotune.

NOTE

It is highly recommended that a rotating autotune is performed (Pr 00.040 set to 2).

« A stationary autotune can be used when the motor is loaded and it is not possible to remove the load from the motor shaft. The stationary
autotune measures the Stator Resistance (05.017) and Transient Inductance (05.024) of the motor. These are used to calculate the current loop
gains, and at the end of the test the values in Pr 00.038 and Pr 00.039 are updated. A stationary autotune does not measure the power factor of
the motor so the value on the motor nameplate must be entered into Pr 00.043. To perform a Stationary autotune, set Pr 00.040 to 1, and
provide the drive with both an enable signal (terminal 31 on Unidrive M700 / M701 and terminal 11 & 13 on Unidrive M702) and a run signal
(terminal 26 or 27 on Unidrive M700 / M701 and terminal 7 or 8 on Unidrive M702).

« Arotating autotune should only be used if the motor is unloaded. A rotating autotune first performs a stationary autotune, a rotating test is then
performed which the motor is accelerated with currently selected ramps up to a frequency of Rated Frequency (00.047) x 2/3, and the frequency
is maintained at the level for up to 40 s. During the rotating autotune the Stator Inductance (05.025), and the motor saturation breakpoints
(Pr 05.029, Pr 05.030, Pr 06.062 and Pr 05.063) are modified by the drive. The Motor Rated Power Factor (00.043) is also modified by the
Stator Inductance (05.025). The No-Load motor core losses are measured and written to No-Load Core Losses (04.045). To perform a Rotating
autotune, set Pr 00.040 to 2, and provide the drive with both an enable signal (terminal 31 on Unidrive M700 / M701 and terminal 11 & 13 on
Unidrive M702) and a run signal (terminal 26 or 27 on Unidrive M700 / M701 and terminal 7 or 8 on Unidrive M702).

* Mechanical load measurement test using signal injection.

This test measures the mechanical characteristic of the motor and load by rotating the motor at the speed defined by the present speed
reference and injecting a series of speed test signals. This test should only be used provided all the basic control parameters have been set-up
correctly and the speed controller parameters should be set to conservative levels, such as the default values, so that the motor is stable when
it runs. The test measures the motor and load inertia, which can be used in automatic set-up of the speed controller gains and in producing a
torque feed-forward term. If Mechanical Load Test Level (05.021) is left at its default value of zero then the peak level of the injection signal will
be 1 % of the maximum speed reference subject to a maximum of 500 rpm. If a different test level is required then Mechanical Load Test Level
(05.021) should be set to a non-zero value to define the level as a percentage of the maximum speed reference, again subject to a maximum of
500 rpm. The user defined speed reference which defines the speed of the motor should be set to a level higher than the test level, but not high
enough for flux weakening to become active. In some cases however, it is possible to perform the test at zero speed provided the motor is free
to move, but it may be necessary to increase the test signal from the default value. The test will give the correct results when there is a static
load applied to the motor and in the presence of mechanical damping. This test should be used if possible, however for sensorless mode, or if
the speed controller cannot be set up for stable operation an alternative test is provided (Autotune (00.040) = 4) where a series of torque levels
are applied to accelerate and decelerate the motor to measure the inertia.

1. A rotating test is performed in which the motor is accelerated with the currently selected ramps up to the currently selected speed

reference, and this speed is maintained for the duration of the test. The Motor And Load Inertia (03.018) is set-up.

To perform this autotune test, set Pr 00.040 to 3 and provide the drive with both an enable signal (on terminal 31 on Unidrive M700 / M701 and

terminal 11 & 13 on Unidrive M702) and a run signal (terminal 26 or 27 on Unidrive M700 / M701 and terminal 7 or 8 on Unidrive M702).

*  Mechanical load measurement test using applied torque.

Auto-tune test 3 should normally be used for mechanical load measurement, but under some circumstances this test may be used as an alternative.
This test will not give such accurate results as test 3 if the motor rated speed is not set to the correct value for the motor. Also this test is likely to
give incorrect results if standard ramp mode is active. A series of progressively larger torque levels are applied to the motor (20 %, 40 % ... 100 %
of rated torque) to accelerate the motor up to 3/4 x Rated Speed (00.045) to determine the inertia from the acceleration/deceleration time. The test
attempts to reach the required speed within 5 s, but if this fails the next torque level is used. When 100 % torque is used the test allows 60 s for the
required speed to be reached, but if this is unsuccessful, an Autotune 1 trip is initiated. To reduce the time taken for the test it is possible to define
the level of torque to be used for the test by setting Mechanical Load Test Level (05.021) to a non-zero value. When the test level is defined the test
is only carried out at the defined test level and 60 s is allowed for the motor to reach the required speed. It should be noted that if the maximum
speed allows for flux weakening then it may not be possible to achieve the required torque level to accelerate the motor fast enough. If this is the
case, the maximum speed reference should be reduced.

1. The motor is accelerated in the required direction up to 3/4 of the maximum speed reference and then decelerated to zero speed.
2. The test is repeated with progressively higher torques until the required speed is reached.
3. Motor And Load Inertia (03.018) and Inertia Times 1000 (04.033) are set up.

To perform this autotune test, set Pr 00.040 to 4 and provide the drive with both an enable signal (on terminal 31 on Unidrive M700 / M701 and
terminal 11 & 13 on Unidrive M702) and a run signal (terminal 26 or 27 on Unidrive M700 / M701 and terminal 7 or 8 on Unidrive M702).

Following the completion of an autotune test the drive will go into the inhibit state. The drive must be placed into a controlled disable condition
before the drive can be made to run at the required reference. The drive can be put in to a controlled disable condition by removing the Safe Torque
Off signal from terminal 31 on Unidrive M700 / M701 and terminal 11 & 13 on Unidrive M702, setting the Drive Enable (06.015) to Off (0) or disabling
the drive via the control word (Pr 06.042 & Pr 06.043).
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Pr 00.033 {05.016} Rated Speed Optimisation Select

The Rated Frequency (00.047) and Rated Speed (00.045) are used to define the rated slip of the motor. The rated slip is used in sensorless mode
(Sensorless Mode Active (03.078) = 1) to correct the motor speed with load. When this mode is active Rated Speed Optimisation Select (00.033)
has no effect.

If sensorless mode is not active (Sensorless Mode Active (03.078) = 0) the rated slip is used in the motor control algorithm and an incorrect value of
slip can have a significant effect on the motor performance. If Rated Speed Optimisation Select (00.033) = 0 then the adaptive control system is
disabled. However, if Rated Speed Optimisation Select (00.033) is set to a non-zero value the drive can automatically adjust the Rated Speed
(00.045) to give the correct value of rated slip. Rated Speed (00.045) is not saved at power-down, and so when the drive is powered-down and up
again it will return to the last value saved by the user. The rate of convergence and the accuracy of the adaptive controller reduces at low output
frequency and low load. The minimum frequency is defined as a percentage of Rated Frequency (00.047) by Rated Speed Optimisation Minimum
Frequency (05.019). The minimum load is defined as a percentage of rated load by Rated Speed Optimisation Minimum Load (05.020). The
adaptive controller is enabled when a motoring or regenerative load rises above Rated Speed Optimisation Minimum Load (05.020) + 5%, and is
disabled again when it falls below Rated Speed Optimisation Minimum Load (05.020). For best optimisation results the correct values of Stator
Resistance (05.017), Transient Inductance (05.024), Stator Inductance (05.025), Saturation Breakpoint 1 (05.029), Saturation Breakpoint 2
(05.062), Saturation Breakpoint 3 (05.030) and Saturation Breakpoint 4 (05.063) should be used.

Pr 00.038 {04.013} / Pr 00.039 {04.014} Current Loop Gains

The current loop gains proportional (Kp) and integral (Ki) gains control the response of the current loop to a change in current (torque) demand. The
default values give satisfactory operation with most motors. However, for optimal performance in dynamic applications it may be necessary to
change the gains to improve the performance. The Current Controller Kp Gain (00.038) is the most critical value in controlling the performance. The
values for the current loop gains can be calculated by performing a stationary or rotating autotune (see Autotune Pr 00.040, earlier in this table) the
drive measures the Stator Resistance (05.017) and Transient Inductance (05.024) of the motor and calculates the current loop gains.

This will give a step response with minimum overshoot after a step change of current reference. The proportional gain can be increased by a factor
of 1.5 giving a similar increase in bandwidth; however, this gives a step response with approximately 12.5 % overshoot. The equation for the integral
gain gives a conservative value. In some applications where it is necessary for the reference frame used by the drive to dynamically follow the flux
very closely (i.e. high speed Sensorless RFC-A induction motor applications) the integral gain may need to have a significantly higher value.
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Speed Loop Gains (Pr 00.007 {03.010}, Pr 00.008 {03.011}, Pr 00.009 {03.012})

The speed loop gains control the response of the speed controller to a change in speed demand. The speed controller includes proportional (Kp)
and integral (Ki) feed forward terms, and a differential (Kd) feedback term. The drive holds two sets of these gains and either set may be selected for
use by the speed controller with Pr 03.016. If Pr 03.016 = 0, gains Kp1, Ki1 and Kd1 (Pr 00.007 to Pr 00.009) are used, and if Pr 03.016 = 1, gains
Kp2, Ki2 and Kd2 (Pr 03.013 to Pr 03.015) are used. Pr 03.016 may be changed when the drive is enabled or disabled. If the load is predominantly
a constant inertia and constant torque, the drive can calculate the required Kp and Ki gains to give a required compliance angle or bandwidth
dependant on the setting of Pr 03.017.

Speed Controller Proportional Gain (Kp), Pr 00.007 {03.010} and Pr 03.013

If the proportional gain has a value and the integral gain is set to zero the controller will only have a proportional term, and there must be a speed
error to produce a torque reference. Therefore as the motor load increases there will be a difference between the reference and actual speeds. This
effect, called regulation, depends on the level of the proportional gain, the higher the gain the smaller the speed error for a given load. If the
proportional gain is too high either the acoustic noise produced by speed feedback quantization becomes unacceptable, or the stability limit is
reached.

Speed Controller Integral Gain (Ki), Pr 00.008 {03.011} and Pr 03.014

The integral gain is provided to prevent speed regulation. The error is accumulated over a period of time and used to produce the necessary torque
demand without any speed error. Increasing the integral gain reduces the time taken for the speed to reach the correct level and increases the
stiffness of the system, i.e. it reduces the positional displacement produced by applying a load torque to the motor. Unfortunately increasing the
integral gain also reduces the system damping giving overshoot after a transient. For a given integral gain the damping can be improved by
increasing the proportional gain. A compromise must be reached where the system response, stiffness and damping are all adequate for the
application. For RFC-A Sensorless mode, it is unlikely that the integral gain can be increased much above 0.50.

Differential Gain (Kd), Pr 00.009 {0 3.012} and Pr 03.015

The differential gain is provided in the feedback of the speed controller to give additional damping. The differential term is implemented in a way that
does not introduce excessive noise normally associated with this type of function. Increasing the differential term reduces the overshoot produced
by under-damping, however, for most applications the proportional and integral gains alone are sufficient.

There are six methods of tuning the speed loop gains dependant on the
setting of Pr 03.017:

1. Pr03.017 =0, User set-up. Speed demand
This involves the connecting of an oscilloscope to analog output 1 to
monitor the speed feedback.

Give the drive a step change in speed reference and monitor the Insuffcient proportional
response of the drive on the oscilloscope. gain [00.007]

The proportional gain (Kp) should be set up initially. The value
should be increased up to the point where the speed overshoots and
then reduced S“ghtly Excessive proportional
The integral gain (Ki) should then be increased up to the point where gain [00.007]

the speed becomes unstable and then reduced slightly.

It may now be possible to increase the proportional gain to a higher
value and the process should be repeated until the system response Excessive integral gain
matches the ideal response as shown. (00008

The diagram shows the effect of incorrect P and | gain settings as
well as the ideal response.

2. Pr03.017 = 1, Bandwidth set-up Ideal response
If bandwidth based set-up is required, the drive can calculate Kp and
Ki if the following parameters are set up correctly:

RRudl

Pr 03.020 - Required bandwidth, Pr03.017=4-6

Pr 03.021 - Required damping factor, If Speed Controller Set-up Method (03.017) is set to a value from 4 to 6

Pr 03.018 - Motor and load inertia. the Speed Controller Proportional Gain Kp1 (03.010) and Speed
The drive can be made to measure the motor and load inertia by Controller Integral Gain Ki1 (03.011) are automatically set up to give
performing a mechanical load measurement autotune (see Autotune  the bandwidths given in the table below and a damping factor of unity.
Pr 00.040, earlier in this table). These settings give low, standard or high performance.

3. Pr03.017 = 2, Compliance angle set-up
) ) . . Speed Controller .
If compliance angle based set-up is required, the drive can calculate Performance Bandwidth
L . . Set-up Method (03.017)
Kp and Ki if the following parameters are set up correctly:
Pr 03.019 - Required compliance angle, 4 Low 5Hz
Pr 03.021 - Required damping factor, 5 Standard 25Hz
Pr 03.018 - Motor and load inertia The drive can be made to 6 High 100 Hz
measure the motor and load inertia by performing a mechanical
load measurement autotune (see Autotune Pr 00.040, earlierin 6. Pr03.017 =7
this table). If Speed Controller Set-up Method (03.017) = 7 then Speed Controller
4. Pr03.017 = 3, Kp gains times 16 Proportional Gain Kp1 (03.010), Speed Controller Integral Gain Ki1 (03.011)
If Speed Controller Set-up Method (03.017) = 3 the selected and Speed Controller Differential Feedback Gain Kd1 (03.012) are set up to
proportional gain used by the drive is multiplied by 16. give a closed-loop speed controller response that approximates to a first

order system with a transfer function of 1/ (st + 1), where T= 1/®bw and

wbw = 27T X Bandwidth (03.020). In this case the damping factor is

meaningless, and Damping Factor (03.021) and Compliance Angle (03.019)
have no effect.
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8.1.3 RFC-A Sensorless mode
Induction motor without position feedback

Pr 00.046 {05.007} Motor Rated Current Defines the maximum motor continuous current

The motor rated current parameter must be set to the maximum continuous current of the motor. (See section 8.2 Maximum motor rated current on
page 108, for information about setting this parameter higher than the maximum Heavy Duty current rating.) The motor rated current is used in the
following:

*  Current limits (see section 8.3 Current limits on page 108, for more information).
* Motor thermal overload protection (see section 8.4 Motor thermal protection on page 108, for more information)
«  Vector control algorithm

Pr 00.044 {05.009} Rated Voltage Defines the voltage applied to the motor at rated frequency

Pr 00.047 {05.006} Rated Frequency Defines the frequency at which rated voltage is applied

The Rated Voltage (00.044) and the Rated Frequency (00.047) are used

to define the voltage to frequency characteristic applied to the motor (see Output Output voltage characteristic
Open Loop Control Mode (00.007), later in this table). The motor rated voliage A

frequency is also used in conjunction with the motor rated speed to Pr00.04d |

calculate the rated slip for slip compensation (see motor Rated Speed
(00.045), later in this table).

Pr00.044/2}---------- /
Pr00.047/2  Pr00.047 Output
frequency
Pr 00.045 {05.008} Rated Speed Defines the full load rated speed of the motor
Pr 00.042 {05.011} Number Of Motor Poles Defines the number of motor poles

The motor rated speed and motor rated frequency are used to determine the full load slip of the motor which is used by the vector control algorithm.
Incorrect setting of this parameter has the following effects:

* Reduced efficiency of motor operation

* Reduction of maximum torque available from the motor

* Reduced transient performance

» Inaccurate control of absolute torque in torque control modes

The nameplate value is normally the value for a hot motor; however, some adjustment may be required when the drive is commissioned if the
nameplate value is inaccurate. Either a fixed value can be entered in this parameter or an optimization system may be used to automatically adjust
this parameter (see Rated Speed Optimization Select (05.016), later in this table).

When Pr 00.042 is set to 'Automatic’, the number of motor poles is automatically calculated from the motor Rated Frequency (00.047), and the
motor Rated Speed (00.045).

Number of poles = 120 x (Motor Rated Frequency (00.047 / Motor Rated Speed (00.045) rounded to the nearest even number.

Pr 00.043 {5.010} Rated Power Factor Defines the angle between the motor voltage and current

The power factor is the true power factor of the motor, i.e. the angle between the motor voltage and current. If the Stator Inductance (05.025) is set
to zero then the power factor is used in conjunction with the motor Rated Current (00.046) and other motor parameters to calculate the rated active
and magnetising currents of the motor, which are used in the vector control algorithm. If the stator inductance has a non-zero value this parameter
is not used by the drive, but is continuously written with a calculated value of power factor. The stator inductance can be measured by the drive by
performing a rotating autotune (see Autotune (Pr 00.040), later in this table).
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Pr 00.040 {05.012} Autotune

There are three autotune tests available in RFC-A mode, a stationary test, a rotating test and a mechanical load measurement test. A stationary
autotune will give moderate performance whereas a rotating autotune will give improved performance as it measures the actual values of the motor
parameters required by the drive. A mechanical load measurement test should be performed separately to a stationary or rotating autotune.

It is highly recommended that a rotating autotune is performed (Pr 00.040 set to 2).

« A stationary autotune can be used when the motor is loaded and it is not possible to remove the load from the motor shaft. The stationary
autotune measures the Stator Resistance (05.017) and Transient Inductance (05.024) of the motor. These are used to calculate the current loop
gains, and at the end of the test the values in Pr 00.038 and Pr 00.039 are updated. Maximum Deadtime Compensation (05.059) and Current At
Maximum Deadtime Compensation (05.060) for the drive are also measured. Additionally, if Enable Stator Compensation (05.049) = 1, then
Stator Base Temperature (05.048) is made equal to Stator Temperature (05.046). A stationary autotune does not measure the power factor of
the motor so the value on the motor nameplate must be entered into Pr 00.043. To perform a stationary autotune, set Pr 00.040 to 1, and
provide the drive with both an enable signal (terminal 31 on Unidrive M700 / M701 and terminal 11 & 13 on Unidrive M702) and a run signal
(terminal 26 or 27 on Unidrive M700 / M701 and terminal 7 or 8 on Unidrive M702).

» Arotating autotune should only be used if the motor is unloaded. A rotating autotune first performs a stationary autotune, a rotating test is then
performed in which the motor is accelerated with currently selected ramps up to a frequency of Rated Frequency (00.047) x 2/3, and the
frequency is maintained at the level for up to 40 s. During the rotating autotune the Stator Inductance (05.025), and the motor saturation
breakpoints (Pr 05.029, Pr 05.030, Pr 06.062 and Pr 05.063) are modified by the drive. The power factor is also modified for user information
only, but is not used after this point as the stator inductance is used in the vector control algorithm instead. To perform a Rotating autotune, set
Pr 00.040 to 2, and provide the drive with both an enable signal (terminal 31 on Unidrive M700 / M701 and terminal 11 & 13 on Unidrive M702)
and a run signal (terminal 26 or 27 on Unidrive M700 / M701 and terminal 7 or 8 on Unidrive M702).

+ The mechanical load measurement test can measure the total inertia of the load and the motor. This is used to set the speed loop gains
(see Speed loop gains) and to provide torque feed-forwards when required during acceleration.

Applied torque (sensorless mode) This test may give inaccurate results, if the motor rated speed is not set to the correct value for the motor,
or if standard ramp mode is active. During the mechanical load measurement test a series of progressively larger torque levels are applied to
the motor (20 %, 40 % ... 100 % of rated torque) to accelerate the motor up to 3/4 x Rated Speed (00.045) to determine the inertia from the
acceleration/deceleration time. The test attempts to reach the required speed within 5 s, but if this fails the next torque level is used. When
100 % torque is used the test allows 60 s for the required speed to be reached, but if this is unsuccessful an Autotune 1 trip is initiated. To
reduce the time taken for the test it is possible to define the level of torque to be used for the test by setting Mechanical Load Test Level (05.021)
to a non-zero value. When the test level is defined the test is only carried out at the defined test level and 60 s is allowed for the motor to reach
the required speed. It should be noted that if the maximum speed allows for flux weakening then it may not be possible to achieve the required
torque level to accelerate the motor quickly enough. If this is the case, the maximum speed reference should be reduced. To perform a
mechanical load measurement autotune, set Pr 00.040 to 4, and provide the drive with both an enable signal (terminal 31 on Unidrive M700 /
M701 and terminal 11 & 13 on Unidrive M702) and a run signal (terminal 26 or 27 on Unidrive M700 / M701 and terminal 7 or 8 on Unidrive
M702).

Following the completion of an autotune test the drive will go into the inhibit state. The drive must be placed into a controlled disable condition
before the drive can be made to run at the required reference. The drive can be put in to a controlled disable condition by removing the Safe Torque
Off signal from terminal 31, setting the Drive Enable (06.015) to OFF (0) or disabling the drive via the control word (Pr 06.042 & Pr 06.043)

Pr 00.038 {04.013} / Pr 00.039 {04.014} Current Loop Gains

The current loop gains proportional (Kp) and integral (Ki) gains control the response of the current loop to a change in current (torque) demand. The
default values give satisfactory operation with most motors. However, for optimal performance in dynamic applications it may be necessary to
change the gains to improve the performance. The Current Controller Kp Gain (00.038) is the most critical value in controlling the performance. The
values for the current loop gains can be calculated by performing a stationary or rotating autotune (see Autotune Pr 00.040, earlier in this table) the
drive measures the Stator Resistance (05.017) and Transient Inductance (05.024) of the motor and calculates the current loop gains.

This will give a step response with minimum overshoot after a step change of current reference. The proportional gain can be increased by a factor
of 1.5 giving a similar increase in bandwidth; however, this gives a step response with approximately 12.5 % overshoot. The equation for the integral
gain gives a conservative value. In some applications where it is necessary for the reference frame used by the drive to dynamically follow the flux
very closely (i.e. high speed Sensorless RFC-A induction motor applications) the integral gain may need to have a significantly higher value.
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Speed Loop Gains (Pr 00.007 {03.010}, Pr 00.008 {03.011}, Pr 00.009 {03.012})

The speed loop gains control the response of the speed controller to a change in speed demand. The speed controller includes proportional (Kp)
and integral (Ki) feed forward terms, and a differential (Kd) feedback term. The drive holds two sets of these gains and either set may be selected for
use by the speed controller with Pr 03.016. If Pr 03.016 = 0, gains Kp1, Ki1 and Kd1 (Pr 00.007 to Pr 00.009) are used, and if Pr 03.016 = 1, gains
Kp2, Ki2 and Kd2 (Pr 03.013 to Pr 03.015) are used. Pr 03.016 may be changed when the drive is enabled or disabled. If the load is predominantly
a constant inertia and constant torque, the drive can calculate the required Kp and Ki gains to give a required compliance angle or bandwidth
dependant on the setting of Pr 03.017.

Speed Controller Proportional Gain (Kp), Pr 00.007 {03.010} and Pr 03.013

If the proportional gain has a value and the integral gain is set to zero the controller will only have a proportional term, and there must be a speed
error to produce a torque reference. Therefore as the motor load increases there will be a difference between the reference and actual speeds. This
effect, called regulation, depends on the level of the proportional gain, the higher the gain the smaller the speed error for a given load. If the
proportional gain is too high either the acoustic noise produced by speed feedback quantization becomes unacceptable, or the stability limit is
reached.

Speed Controller Integral Gain (Ki), Pr 00.008 {03.011} and Pr 03.014

The integral gain is provided to prevent speed regulation. The error is accumulated over a period of time and used to produce the necessary torque
demand without any speed error. Increasing the integral gain reduces the time taken for the speed to reach the correct level and increases the
stiffness of the system, i.e. it reduces the positional displacement produced by applying a load torque to the motor. Unfortunately increasing the
integral gain also reduces the system damping giving overshoot after a transient. For a given integral gain the damping can be improved by
increasing the proportional gain. A compromise must be reached where the system response, stiffness and damping are all adequate for the
application. For RFC-A Sensorless mode, it is unlikely that the integral gain can be increased much above 0.50.

Differential Gain (Kd), Pr 00.009 {0 3.012} and Pr 03.015

The differential gain is provided in the feedback of the speed controller to give additional damping. The differential term is implemented in a way that
does not introduce excessive noise normally associated with this type of function. Increasing the differential term reduces the overshoot produced
by under-damping, however, for most applications the proportional and integral gains alone are sufficient.

There are six methods of tuning the speed loop gains dependant on the
setting of Pr 03.017:

1. Pr03.017 = 0, User set-up. Speed demand
This involves the connecting of an oscilloscope to analog output 1 to
monitor the speed feedback.

Give the drive a step change in speed reference and monitor the
response of the drive on the oscilloscope. ;"aﬁgf[ggég(‘)g]“’PD”iO“a‘
The proportional gain (Kp) should be set up initially. The value

should be increased up to the point where the speed overshoots and
then reduced slightly.

The integral gain (Ki) should then be increased up to the point where e oy Portona!
the speed becomes unstable and then reduced slightly.

It may now be possible to increase the proportional gain to a higher
value and the process should be repeated until the system response ) )
matches the ideal response as shown. [Eﬁgﬁg']ve earalgain
The diagram shows the effect of incorrect P and | gain settings as
well as the ideal response.

2. Pr03.017 = 1, Bandwidth set-up
If bandwidth based set-up is required, the drive can calculate Kp and
Ki if the following parameters are set up correctly:

Pr 03.020 - Required bandwidth,
Pr 03.021 - Required damping factor,

Ideal response

P 0r

5.Pr03.017=4-6

Pr 03.018 - Motor and load inertia. If Speed Controller Set-up Method (03.017) is set to a value from 4 to 6 the
The drive can be made to measure the motor and load inertia by Speed Com.‘rollt'ar Proportional Gain Kpl1 (03.010) and Speed Control{er
performing a mechanical load measurement autotune (see Autotune Integral Gain Ki1 (03.011) are automatically set up to give the bandwidths
Pr 00.040, earlier in this table). given in the table below and a damping factor of unity. These settings give

3. Pr03.017 = 2, Compliance angle set-up low, standard or high performance.

If compliance angle based set-up is required, the drive can calculate Pr 03.017 Performance Bandwidth
Kp and Ki if the following paramgters are set up correctly: 4 Low 5 Hz

|IZr ggg;? - gequ!reg gomp!lan?e ztangle, 5 Standard 25 Hz

r03. - Required damping factor, -
Pr 03.018 - Motor and load inertia The drive can be made to 6 High 100 Hz

measure the motor and load inertia by performing a mechanical
load measurement autotune (see Autotune Pr 00.040, earlierin 6. Pr03.017=7

this table). If Speed Controller Set-up Method (03.017) = 7 then Speed Controller
4. Pr03.017 = 3, Kp gains times 16 Proportional Gain Kp1(03.010), Speed Controller Integral Gain Ki1 (03.011)
If Speed Controller Set-up Method (03.017) = 3 the selected and Speed Controller Differential Feedback Gain Kd1 (03.012) are set up to
proportional gain used by the drive is multiplied by 16. give a closed-loop speed controller response that approximates to a first

order system with a transfer function of 1/ (sT + 1), where T= 1/wbw and

wbw = 27T X Bandwidth (03.020). In this case the damping factor is

meaningless, and Damping Factor (03.021) and Compliance Angle (03.019)
have no effect.
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8.1.4 RFC-S mode
Permanent magnet motor with Position feedback

Pr 00.046 {05.007} Rated Current Defines the maximum motor continuous current

The motor rated current parameter must be set to the maximum continuous current of the motor. The motor rated current is used in the following:

«  Current limits (see section 8.3 Current limits on page 108, for more information)
*  Motor thermal overload protection (see section 8.4 Motor thermal protection on page 108, for more information)

Pr 00.042 {05.011} Number Of Motor Poles Defines the number of motor poles

The number of motor poles parameter defines the number of electrical revolutions in one whole mechanical revolution of the motor. This parameter
must be set correctly for the control algorithms to operate correctly. When Pr 00.042 is set to "Automatic" the number of poles is 6.

Pr 00.040 {05.012} Autotune

There are four autotune tests available in RFC-S mode, a stationary autotune, a rotating autotune, mechanical load measurement tests to measure load
dependent parameters.

«  Stationary Autotune

The stationary autotune can be used when the motor is loaded and it is not possible uncouple the load from motor shaft. This test can be used to
measure all the necessary parameters for basic control. During the stationary autotune, a test is performed to locate the flux axis of the motor. However
this test may not be able to calculate such an accurate value for the Position Feedback Phase Angle (00.043) as compared to rotating autotune. A
stationary test is performed to measure Stator Resistance (05.017), Ld (05.024), Maximum Deadtime Compensation (05.059), Current At Maximum
Deadltime Compensation (05.060), No Load Lq (05.072). If Enable Stator Compensation (05.049) = 1 then Stator Base Temperature (05.048) is made
equal to Stator Temperature (05.046). The Stator Resistance (05.017) and the Ld (05.024) are then used to set up Current controller Kp Gain (00.038)
and Current Controller Ki Gain (00.039). If sensorless mode is not selected then Position Feedback Phase Angle (00.043) is set up for the position from
the position feedback interface selected with Motor Control Feedback Select (03.026). To perform a Stationary autotune, set Pr 00.040 to 1, and provide
the drive with both an enable signal (terminal 31 on Unidrive M700 / M701 and terminal 11 & 13 on Unidrive M702) and a run signal (terminal 26 or 27
on Unidrive M700 / M701 and terminal 7 or 8 on Unidrive M702).

*  Rotating Autotune

The rotating autotune must be performed on unloaded motor. This test can be used to measure all the necessary parameters for the basic control and
parameters for cancelling the effects of the cogging torque.

During the rotating autotune, Rated Current (00.046) is applied and the motor is rotated by 2 electrical revolutions (i.e. up to 2 mechanical revolutions)
in the required direction. If sensorless mode is not selected then the Position Feedback Phase Angle (00.043) is set-up for the position from the position
feedback interface selected with Motor Control Feedback Select (03.026). A stationary test is then performed to measure Stator Resistance (05.017),
Ld (05.024), Maximum Deadtime Compensation (05.059), Current At Maximum Deadtime Compensation (05.060) and No Load Lq (05.072). Stator
Resistance (05.017) and Ld (05.024) are used to set up Current Controller Kp Gain (00.038) and Current Controller Ki Gain (00.039). This is only done
once during the test, and so the user can make further adjustments to the current controller gains if required. To perform a Rotating autotune, set

Pr 00.040 to 2, and provide the drive with both an enable signal (terminal 31 on Unidrive M700 / M701 and terminal 11 & 13 on Unidrive M702) and a
run signal (terminal 26 or 27 on Unidrive M700 / M701 and terminal 7 or 8 on Unidrive M702).

0
0

*  Mechanical load measurement test using signal injection

The mechanical load measurement test using signal injection, measures the mechanical characteristic of the motor and load by rotating the motor at the
speed defined by the present speed reference and injecting a series of speed test signals. This test should only be used provided all the basic control
parameters (including Torque Per Amp (05.032)) have been set-up correctly and the speed controller parameters should be set to conservative levels,
such as the default values, so that the motor is stable when it runs. The test measures the motor and load inertia, which can be used in automatic set-
up of the speed controller gains and in producing a torque feed-forward term. If Mechanical Load Test Level (05.021) is left at its default value of zero
then the peak level of the injection signal will be 1 % of the maximum speed reference subject to a maximum of 500 rpm. If a different test level is
required then Mechanical Load Test Level (05.021) should be set to a non-zero value to define the level as a percentage of the maximum speed
reference, again subject to a maximum of 500 rpm. The user defined speed reference which defines the speed of the motor should be set to a level
higher than the test level, but not high enough for flux weakening to become active. In some cases, however it is possible to perform the test at zero
speed provided the motor is free to move, but it may be necessary to increase the test signal from the default value. The test will give the correct results
when there is a static load applied to the motor and in the presence of mechanical damping. This test should be used if possible, however for
sensorless mode, or if the speed controller cannot be set up for stable operation an alternative test is provided (Autotune (00.040) = 4) where a series
of torque levels are applied to accelerate and decelerate the motor to measure the inertia.

1. A rotating test is performed in which the motor is accelerated with the currently selected ramps up to the currently selected speed reference,

and this speed is maintained for the duration of the test. Motor And Load Inertia (03.018) and Inertia Times 1000 (04.033) are set up.
To perform this autotune test, set Pr 00.040 to 3 and provide the drive with both an enable signal (on terminal 31 on Unidrive M700 / M701 and terminal
11 & 13 on Unidrive M702) and a run signal (terminal 26 or 27 on Unidrive M700 / M701 and terminal 7 or 8 on Unidrive M702).
*  Mechanical load measurement using applied torque
Auto-tune test 3 should normally be used for mechanical load measurement, but under some circumstances this test may be used as an alternative.
This test is likely to give incorrect results if standard ramp mode is active. A series of progressively larger torque levels are applied to the motor (20 %,
40 % ... 100 % of rated torque) to accelerate the motor up to 3/4 x Rated Speed (00.045) to determine the inertia from the acceleration/deceleration
time. The test attempts to reach the required speed within 5s, but if this fails the next torque level is used. When 100 % torque is used the test allows 60
s for the required speed to be reached, but if this is unsuccessful, a trip is initiated. To reduce the time taken for the test it is possible to define the level
of torque to be used for the test by setting Mechanical Load Test Level (05.021) to a non-zero value. When the test level is defined the test is only
carried out at the defined test level and 60 s is allowed for the motor to reached the required speed. It should be noted that if the maximum speed allows
for flux weakening then it may not be possible to achieve the required torque level to accelerate the motor fast enough. If this is the case, the maximum
speed reference should be reduced.

1. The motor is accelerated in the required direction up to 3/4 of the maximum speed reference and then decelerated to zero speed.

2. The test is repeated with progressively higher torques until the required speed is reached.

3. Motor And Load Inertia (03.018) and Inertia Times 1000 (04.033) are set up. To perform this autotune test, set Pr 00.040 to 4 and provide the

drive with both an enable signal (on terminal 31 on Unidrive M700/M701 and terminal 11 & 13 on Unidrive M702) and a run signal (terminal 26

or 27 on Unidrive M700/M701 and terminal 7 or 8 on Unidrive M702).
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Pr 00.038 {04.013} / Pr 00.039 {04.014} Current Loop Gains

The current loop gains proportional (Kp) and integral (Ki) gains control the response of the current loop to a change in current (torque) demand. The
default values give satisfactory operation with most motors. However, for optimal performance in dynamic applications it may be necessary to
change the gains to improve the performance. The proportional gain (Pr 00.038) is the most critical value in controlling the performance. The values
for the current loop gains can be calculated by performing a stationary or rotating autotune (see Autotune Pr 00.040, earlier in this table) the drive
measures the Stator Resistance (05.017) and Transient Inductance (05.024) of the motor and calculates the current loop gains.

This will give a step response with minimum overshoot after a step change of current reference. The proportional gain can be increased by a factor
of 1.5 giving a similar increase in bandwidth; however, this gives a step response with approximately 12.5 % overshoot. The equation for the integral
gain gives a conservative value. In some applications where it is necessary for the reference frame used by the drive to dynamically follow the flux
very closely (i.e. high speed Sensorless RFC-A induction motor applications) the integral gain may need to have a significantly higher value.

Speed loop gains (Pr 00.007 {03.010}, Pr 00.008 {03.011}, Pr 00.009 {03.012})

The speed loop gains control the response of the speed controller to a change in speed demand. The speed controller includes proportional (Kp)
and integral (Ki) feed forward terms, and a differential (Kd) feedback term. The drive holds two sets of these gains and either set may be selected for
use by the speed controller with Pr 03.016. If Pr 03.016 = 0, gains Kp1, Ki1 and Kd1 (Pr 00.007 to Pr 00.009) are used, and if Pr 03.016 = 1, gains
Kp2, Ki2 and Kd2 (Pr 03.013 to Pr 03.015) are used. Pr 03.016 may be changed when the drive is enabled or disabled. If the load is predominantly
a constant inertia and constant torque, the drive can calculate the required Kp and Ki gains to give a required compliance angle or bandwidth
dependant on the setting of Pr 03.017.

Speed Controller Proportional Gain (Kp), Pr 00.007 {03.010} and Pr 03.013

If the proportional gain has a value and the integral gain is set to zero the controller will only have a proportional term, and there must be a speed
error to produce a torque reference. Therefore as the motor load increases there will be a difference between the reference and actual speeds. This
effect, called regulation, depends on the level of the proportional gain, the higher the gain the smaller the speed error for a given load. If the
proportional gain is too high either the acoustic noise produced by speed feedback quantization becomes unacceptable, or the stability limit is
reached.

Speed Controller Integral Gain (Ki), Pr 00.008 {03.011} and Pr 03.014

The integral gain is provided to prevent speed regulation. The error is accumulated over a period of time and used to produce the necessary torque
demand without any speed error. Increasing the integral gain reduces the time taken for the speed to reach the correct level and increases the
stiffness of the system, i.e. it reduces the positional displacement produced by applying a load torque to the motor. Unfortunately increasing the
integral gain also reduces the system damping giving overshoot after a transient. For a given integral gain the damping can be improved by
increasing the proportional gain. A compromise must be reached where the system response, stiffness and damping are all adequate for the
application.

Differential Gain (Kd), Pr 00.009 {03.012} and Pr 03.015

The differential gain is provided in the feedback of the speed controller to give additional damping. The differential term is implemented in a way that
does not introduce excessive noise normally associated with this type of function. Increasing the differential term reduces the overshoot produced
by under-damping, however, for most applications the proportional and integral gains alone are sufficient.
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Speed loop gains (cont) (Pr 00.007 {03.010}, Pr 00.008 {03.011}, Pr 00.009 {03.012})

There are three methods of tuning the speed loop gains dependant on
the setting of Pr 03.017:

1.

Pr 03.017 = 0, User set-up.
This involves the connecting of an oscilloscope to analog output 1 to
monitor the speed feedback.
Give the drive a step change in speed reference and monitor the
response of the drive on the oscilloscope.
The proportional gain (Kp) should be set up initially. The value
should be increased up to the point where the speed overshoots and
then reduced slightly.
The integral gain (Ki) should then be increased up to the point where
the speed becomes unstable and then reduced slightly.
It may now be possible to increase the proportional gain to a higher
value and the process should be repeated until the system response
matches the ideal response as shown.
The diagram shows the effect of incorrect P and | gain settings as
well as the ideal response.
Pr 03.017 = 1, Bandwidth set-up
If bandwidth based set-up is required, the drive can calculate Kp and
Ki if the following parameters are set up correctly:
Pr 03.020 - Required bandwidth,
Pr 03.021 - Required damping factor,
Pr 03.018 - Motor and load inertia.
The drive can be made to measure the motor and load inertia by
performing a mechanical load measurement autotune (see Autotune
Pr 00.040, earlier in this table).
Pr 03.017 = 2, Compliance angle set-up
If compliance angle based set-up is required, the drive can calculate
Kp and Ki if the following parameters are set up correctly:
Pr 03.019 - Required compliance angle,
Pr 03.021 - Required damping factor,
Pr 03.018 - Motor and load inertia The drive can be made to
measure the motor and load inertia by performing a mechanical
load autotune (see Autotune Pr 00.040, earlier in this table).
Pr 03.017 = 3, Kp gains times 16
If Speed Controller Set-up Method (03.017) = 3 the selected
proportional gain used by the drive is multiplied by 16.

Speed demand

Insufficient proportional
gain [00.007]

Excessive proportional
gain [00.007]

Excessive integral gain
[00.008]

Ideal response

KR

5. Pr03.017=4-6

If Speed Controller Set-up Method (03.017) is set to a value from 4 to
6 the Speed Controller Proportional Gain Kp1 (03.010) and Speed
Controller Integral Gain Ki1 (03.011) are automatically set up to give
the bandwidths given in the table below and a damping factor of unity.
These settings give low, standard or high performance.

Speed Controller
Set-up Method Performance Bandwidth
(03.017)
4 Low 5Hz
5 Standard 25 Hz
6 High 100 Hz
6. Pr03.017 =7

If Speed Controller Set-up Method (03.017) = 7 then Speed Controller
Proportional Gain Kp1 (03.010), Speed Controller Integral Gain Ki1
(03.011) and Speed Controller Differential Feedback Gain Kd1 (03.012)
are set up to give a closed-loop speed controller response that
approximates to a first order system with a transfer function of 1/ (st +
1), where 1= 1/wbw and wbw = 2r x Bandwidth (03.020). In this case
the damping factor is meaningless, and Damping Factor (03.021) and
Compliance Angle (03.019) have no effect.
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8.2 Maximum motor rated current If Rated Current (00.046) < Maximum Heavy Duty Current (00.032)

The maximum motor rated current allowed by the drive is greater than
the Maximum Heavy Duty Current Rating (00.032). The ratio between
the Normal Duty rating and the Maximum Heavy Duty Current Rating
(00.032) varies between drive sizes. The values for the Normal and
Heavy Duty rating can be found in the Power Installation Guide. If the
motor Rated Current (00.046) is set above the Maximum Heavy Duty
Current Rating (00.032), the current limits and the motor thermal
protection scheme are modified (see section 8.3 Current limits on

page 108 and section 8.4 Motor thermal protection on page 108 for more
information).

8.3 Current limits

The default setting for the current limit parameters is:

* 165 % (141.9 % for frame 9 and above) x motor rated torque
producing current for open loop mode

* 175 % (150 % for frame 9 and above) x motor rated torque
producing current for RFC-A and RFC-S modes

There are three parameters which control the current limits:

* Motoring current limit: power flowing from the drive to the motor

* Regen current limit: power flowing from the motor to the drive

»  Symmetrical current limit: current limit for both motoring and regen
operation

The lowest of either the motoring and regen current limit, or the

symmetrical current limit applies.

The maximum setting of these parameters depends on the values of
motor rated current, drive rated current and the power factor.

Increasing the motor rated current (Pr 00.046/05.007) above the Heavy
Duty rating (default value), will automatically reduce the current limits in
Pr 04.005 to Pr 04.007. If the motor rated current is then set to or below
the Heavy Duty rating, the current limits will be left at their reduced
values.

The drive can be oversized to permit a higher current limit setting to
provide higher accelerating torque as required up to a maximum of
1000 %.

8.4  Motor thermal protection
A dual time constant thermal model is provided to estimate the motor
temperature as a percentage of its maximum allowed temperature.

The motor thermal protection is modelled using losses in the motor. The
losses in the motor are calculated as a percentage value, so that under
these conditions the Motor Protection Accumulator (04.019) would
eventually reach 100 %.

Percentage losses = 100 % x [Load related losses + Iron losses]
Where:
Load related losses = (1 - Kgg) X [(1 / (K4 X Irated)]?

Iron losses = Kgg X (W / Wrated) '

Where:

| = Current Magnitude (00.012)

Irated = Rated Current (00.046)

Kse = Rated Iron Losses As Percentage Of Losses (04.039) / 100 %
The Motor Protection Accumulator (04.019) is given by:

Pr 04.019 = Percentage Losses x [(1 - Ky) (1 - /™) + K, (1 - e-Y2)]
Where:

T = Motor Protection Accumulator (04.019)

Ky = Motor Thermal Time Constant 2 Scaling (04.038) / 100 %

L= Motor Thermal Time Constant 1 (00.053)

22 Motor Thermal Time Constant 2 (04.037)

K, = Varies, see below

Figure 8-1 Motor thermal protection (Heavy Duty)

100 T—— 1.05

0.70 1= — Pr04.025=0
------- Pr04.025 = 1

K
0.00 ‘r ‘r
50% of base Base speed/
speed/frequency frequency

If Pr 04.025 is 0 the characteristic is for a motor which can operate at
rated current over the whole speed range. Induction motors with this
type of characteristic normally have forced cooling. If Pr 04.025 is 1 the
characteristic is intended for motors where the cooling effect of motor
fan reduces with reduced motor speed below 50 % of base speed/
frequency. The maximum value for K1 is 1.05, so that above the knee of
the characteristics the motor can operate continuously up to 105 %
current.

Figure 8-2 Motor thermal protection (Normal Duty)

1.00 A= : 1ot
oo T —— Pr04.025=0
T T Pr 04.025 = 1
0.00
t ot i

15% of 50% of Base speed/
base speed/ base speed/ frequency
frequency frequency

Both settings of Pr 04.025 are intended for motors where the cooling
effect of the motor fan reduces with reduced motor speed, but with
different speeds below which the cooling effect is reduced. If Pr 04.025
is 0 the characteristic is intended for motors where the cooling effect
reduces with motor speed below 15 % of base speed/frequency. If

Pr 04.025 is 1 the characteristic is intended for motors where the cooling
effect reduces with motor speed below 50 % of base speed/frequency.
The maximum value for K1 is 1.01, so that above the knee of the
characteristics the motor can operate continuously up to 101 % current.

When the estimated temperature in Pr 04.019 reaches 100 % the drive
takes some action depending on the setting of Pr 04.016. If Pr 04.016 is
0, the drive trips when Pr 04.019 reaches 100 %. If Pr 04.016 is 1, the
current limit is reduced to (K - 0.05) x 100 % when Pr 04.019 reaches
100 %.

The current limit is set back to the user defined level when Pr 04.019
falls below 95 %. The thermal model temperature accumulator
accumulates the temperature of the motor while the drive remains
powered-up. By default, the accumulator is set to the power down value
at power-up. If the rated current defined by Pr 00.046 is altered, the
accumulator is reset to zero.

The default setting of the thermal time constant (Pr 00.053) is 89 s which
is equivalent to an overload of 150 % for 60 s from cold.
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8.5 Switching frequency 8.6 High speed operation
The default switching frequency is 3 kHz (6 kHz in RFC-S mode), 8.6.1 Encoder feedback limits

however this can be increased up to a maximum of 16 kHz by Pr 00.041
(dependent on drive size). The available switching frequencies are
shown below.

Table 8-1 Available switching frequencies

Drive Model 2 3 4 6 8 12 16
size kHz | kHz | kHz | kHz | kHz | kHz | kHz
3
4
5
6 All v v v v v v v
7
8
9E

10202830 to

10203000

10501520 to v v v v v v v
10 10501900

10601500 to

10601780

Sososeon | | 7| ] 7
11 400 V 4 v v v v

11 575and 690V | v v 4

If switching frequency is increased from 3 kHz the following apply:

1. Increased heat loss in the drive, which means that derating to the
output current must be applied.
See the derating tables for switching frequency and ambient
temperature in the Power Installation Guide.

2. Reduced heating of the motor - due to improved output waveform
quality.

3. Reduced acoustic noise generated by the motor.

4. Increased sample rate on the speed and current controllers. A trade
off must be made between motor heating, drive heating and the
demands of the application with respect to the sample time required.

Table 8-1 Sample rates for various control tasks at each
switching frequency
Level 3,6,12 2,4,8,16 Open RFC-A
kHz kHz loop RFC-S
3 kHz - 167us 2 kHz - 250 us
4 kHz-125 us ... | Current
Level 1 6 kHz - 83 us Peak limit
12 kHz - 83 us 8 kHz - 62.5 us controllers
16 kHz - 62.5 us
2 kHz - 500 us
z W Current Speed
4kHz-250pus | ..
Level 2 250 ps limitand | controller
8 kHz - 250 us
ramps and ramps
16 kHz - 250 us
Level 3 1ms Voltage controller
Level 4 4ms Tlmg critical user
interface
Background Non—tlme critical user
interface

The maximum encoder frequency should be prevented from exceeding
500 kHz. In RFC-A and RFC-S modes the maximum speed that can be
entered in to the speed reference clamps (Pr 00.002 and Pr 00.001) can
be limited by the drive. This is defined by the following (subject to an
absolute maximum of 33,000 rpm):

500 kHz x 60
" ELPR
3.0x 107
ELPR

Maximum speed limit (rpm)

Where:

ELPR is the equivalent encoder lines per revolution and is the
number of lines that would be produced by a quadrature encoder.

* Quadrature encoder ELPR = number of lines per revolution

* Fand D encoder ELPR = number of lines per revolution / 2

*  SINCOS encoder ELPR = number of sine waves per revolution

This maximum speed limit is defined by the device selected with the
speed feedback selector (Pr 03.026), and the ELPR set for the position
feedback device. In RFC-A mode it is possible to disable this limit via
Pr 03.024, so that the drive can be switched between operation with and
without feedback when the speed becomes too high for the feedback
device.

8.6.2 Field weakening (constant power) operation
(Open loop and RFC-A mode only)

The drive can be used to run an induction machine above synchronous
speed into the constant power region. The speed continues to increase
and the available shaft torque reduces. The characteristics below show
the torque and output voltage characteristics as the speed is increased
above the rated value.

Figure 8-3 Torque and rated voltage against speed
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!
!
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1
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Care must be taken to ensure the torque available above base speed is
sufficient for the application to run satisfactorily. The saturation
breakpoint parameters (Pr 05.029, Pr 05. 030, Pr 05.062 and Pr 05.063)
found during the autotune in RFC-A mode ensure the magnetizing
current is reduced in the correct proportion for the specific motor. (In
open loop mode the magnetizing current is not actively controlled).

8.6.3 Permanent magnet motor high speed
operation

High speed servo mode is enabled by setting Pr 05.022 =1. Care must
be taken when using this mode with permanent magnet motor to avoid
damaging the drive. The voltage produced by the permanent magnet
motor magnets is proportional to speed. For high speed operation the
drive must apply currents to the motor to counter-act the flux produced

by the magnets. It is possible to operate the motor at very high speeds
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that would give a very high motor terminal voltage, but this voltage is
prevented by the action of the drive.

If however, the drive is disabled (or tripped) when the motor voltages
would be higher than the rating of the drive without the currents to
counter-act the flux from the magnets, it is possible to damage the drive.
If high speed mode is enabled the motor speed must be limited to the
levels given in the table below unless an additional hardware protection
system is used to limit the voltages applied to the drive output terminals
to a safe level.

. . Maximum safe line to line
Drive voltage Maximum motor
. voltage at the motor
rating speed (rpm) terminals (V rms)
200 400 x 1000 / (Ke x ¥2) 400 /2
400 800 x 1000 / (Ke x V2) 800 /2
575 955 x 1000 / (Ke x \2) 955 /2
690 1145 x 1000 / (Ke x V2) 1145 /2

Ke is the ratio between r.m.s. line to line voltage produced by the motor
and the speed in V/1000 rpm. Care must also be taken not to de-
magnetize the motor. The motor manufacturer should always be
consulted before using this mode.

By default, high speed operation is disabled (Pr 05.022 = 0).

It is also possible to enable high speed operation and allow the drive
to automatically limit the motor speed to the levels specified in the
table and generate an Overspeed.1 trip if the level is exceeded

(Pr 05.022 = -1).

8.6.4 Switching frequency

With a default switching frequency of 3 kHz the maximum output
frequency should be limited to 250 Hz. Ideally a minimum ratio of 12:1
should be maintained between the switching frequency and the output
frequency. This ensures the number of switchings per cycle is sufficient
to ensure the output waveform quality is maintained at a minimum level.
If this is not possible, quasi-square switching should be enabled

(Pr 05.020 =1). The output waveform will be quasi square above base
speed ensuring a symmetrical output waveform, which results in a better
quality output than would otherwise result.

8.6.5 Maximum speed / frequency

In all operating modes (Open loop, RFC-A and RFC-S) the maximum
output frequency is limited to 550 Hz. However, in RFC-S mode the
speed is also limited by the voltage constant (Ke) of the motor. Ke is a
specific constant for the servo motor being used. It can normally be
found on the motor data sheet in V/k rpm (volts per 1,000 rpm).

8.6.6 Quasi-Square wave (open-loop only)

The maximum output voltage level of the drive is normally limited to an
equivalent of the drive input voltage minus voltage drops within the drive
(the drive will also retain a few percent of the voltage in order to maintain
current control). If the motor rated voltage is set at the same level as the
supply voltage, some pulse deletion will occur as the drive output voltage
approaches the rated voltage level. If Pr 05.020 (Quasi-square wave
enable) is set to 1 the modulator will allow over modulation, so that as
the output frequency increases beyond the rated frequency the voltage
continues to increase above the rated voltage. The modulation depth will
increase beyond unity; first producing trapezoidal and then quasi-square
waveforms.

This can be used for example:

» To obtain high output frequencies with a low switching frequency
which would not be possible with space vector modulation limited to
unity modulation depth,

or

* In order to maintain a higher output voltage with a low supply
voltage.

The disadvantage is that the machine current will be distorted as the

modulation depth increases above unity, and will contain a significant

amount of low order odd harmonics of the fundamental output frequency.

NV Media Card | Onboard
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The additional low order harmonics cause increased losses and heating
in the motor.
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9 Drive communication

This section details the communication protocols supported on the drives.

The drive is supplied with either an Ethernet interface (Unidrive M700 / M702), or an EIA 485 serial communication interface (Unidrive M701).

For more information on the parameters associated with each interface and the connection details please refer to section 5.12 Communications on
page 46.

9.1 CT Modbus RTU specification (Unidrive M701)

This section describes the adaptation of the MODBUS RTU protocol offered on Control Techniques' products. The portable software class which
implements this protocol is also defined.

MODBUS RTU is a master slave system with half-duplex message exchange. The Control Techniques (CT) implementation supports the core
function codes to read and write registers. A scheme to map between MODBUS registers and CT parameters is defined. The CT implementation also
defines a 32 bit extension to the standard 16 bit register data format.

9.1.1 MODBUS RTU

Physical layer

Attribute Description

Normal physical layer for multi-drop operation EIA 485 2 wire

Bit stream Standard UART asynchronous symbols with Non Return to Zero (NRZ)
Each symbol consists of:-

Symbol 1 start b!t . o -
8 data bits (transmitted least significant bit first)
2 stop bits*

Baud rates 300, 600, 1200, 2400, 4800, 9600, 19200, 38400, 57600, 76800, 115200

* The drive will accept a packet with 1 or 2 stop bits but will always transmit 2 stop bits

RTU framing
The frame has the following basic format

SLAVE | FUNCTION o Silent
ADDRESS | CODE message data | 16bit CRC interval

Message data

The frame is terminated with a minimum silent period of 3.5 character times (for example, at 19200 baud the minimum silent period is 2 ms). Nodes

use the terminating silence period to detect the end of frame and begin frame processing. All frames must therefore be transmitted as a continuous

stream without any gaps greater or equal to the silence period. If an erroneous gap is inserted then receiving nodes may start frame processing early
in which case the CRC will fail and the frame will be discarded.

MODBUS RTU is a master slave system. All master requests, except broadcast requests, will lead to a response from an individual slave. The slave
will respond (i.e. start transmitting the response) within the quoted maximum slave response time (this time is quoted in the data sheet for all Nidec
Industrial Automation’s products). The minimum slave response time is also quoted but will never be less that the minimum silent period defined by
3.5 character times.

If the master request was a broadcast request then the master may transmit a new request once the maximum slave response time has expired.

The master must implement a message time out to handle transmission errors. This time out period must be set to the maximum slave response time
+ transmission time for the response.

minimum silence minimum silence
/ period / period
o ' Slave frame
[ i |
Master request ——frame detect—p . Slave response Master request |
| | processing !

New master request

«¢——Slave response time——p can start here

v

Time

Unidrive M700 / M701 / M702 Control User Guide 111
Issue Number: 2



Safety Product Mechanical Electrical Getting Basic Running Optimization Drive NV Media Card | Onboard | Advanced Diagnostics UL
information information installation installation started parameters the motor P communication Operation PLC parameters 9 information

9.1.2 Slave address
The first byte of the frame is the slave node address. Valid slave node addresses are 1 through 247 decimal. In the master request this byte indicates
the target slave node; in the slave response this byte indicates the address of the slave sending the response.

Global addressing

Address zero addresses all slave nodes on the network. Slave nodes suppress the response messages for broadcast requests.

9.1.3 MODBUS registers

The MODBUS register address range is 16 bit (65536 registers) which at the protocol level is represented by indexes 0 through 65535.
PLC registers

Modicon PLCs typically define 4 register 'files' each containing 65536 registers. Traditionally, the registers are referenced 1 through 65536 rather than
0 through 65535. The register address is therefore decremented on the master device before passing to the protocol.

File type Description
1 Read only bits ("coil")
2 Read / write bits ("coil")
3 Read only 16bit register
4 Read / write 16bit register

The register file type code is NOT transmitted by MODBUS and all register files can be considered to map onto a single register address space.
However, specific function codes are defined in MODBUS to support access to the "coil" registers.

All standard drive parameters are mapped to register file '4' and the coil function codes are not required.
CT parameter mapping
The Modbus register address is 16 bits in size, of which the upper two bits are used for data type selection leaving 14 bits to represent the parameter

address, taking into account the slave increments the address value by 1, this results in a theoretical maximum parameter address of 163.84 (limited
to 162.99 in software) when the default standard addressing mode (see Serial Mode (11.024)) is used.

To access a parameter number above 99 in any drive menu then the modified addressing mode must be used (see Serial Mode (11.024)), this will
allow access to parameter numbers up to 255 but also limit the maximum menu number to 63.

The Modbus slave device increments the register address by 1 before processing the command, this effectively prevents access to parameter
Pr 00.000 in the drive or option module.

The table below shows how the start register address is calculated for both addressing modes.

Parameter Addressing mode Protocol register
Standard mm x 100 + ppp - 1
0.mm.ppp
Modified mm x 256 + ppp - 1
Examples
16-bit 32-bit
Decimal Hex (0x) Decimal Hex (0x)
Standard 120 0078 16504 4078
0.01.021
Modified 276 0114 16660 4114
Standard 99 00 63 16483 4063
0.01.000
Modified 255 00 FF 16639 40 FF
Standard N/A N/A N/A N/A
0.03.161
Modified 928 03 A0 17312 43 AO
Data types

The MODBUS protocol specification defines registers as 16 bit signed integers. All CT devices support this data size.
Refer to the section 9.1.7 Extended data types on page 114 for detail on accessing 32 bit register data.
9.1.4 Data consistency

All CT devices support a minimum data consistency of one parameter (16 bit or 32 bit data). Some devices support consistency for a complete
multiple register transaction.

9.1.5 Data encoding

MODBUS RTU uses a 'big-endian' representation for addresses and data items (except the CRC, which is 'little-endian'). This means that when a
numerical quantity larger than a single byte is transmitted, the MOST significant byte is sent first. So for example

16 - bits ~ 0x1234 would be 0x12  0x34

32-bits 0x12345678 wouldbe O0x12 0x34 O0x56 0x78
9.1.6 Function codes

The function code determines the context and format of the message data. Bit 7 of the function code is used in the slave response to indicate an
exception.
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The following function codes are supported: FC16 Write multiple
Code Description Writes a contiguous array of registers. The slave imposes an upper limit

on the number of registers which can be written. If this is exceeded the
slave will discard the request and the master will time out.

Table 9-5 Master request

23 Read and write multiple 16 bit registers Byte Description
FCO03 Read multiple 0 Slave.node address 1 through 247, 0 is global
Read a contiguous array of registers. The slave imposes an upper limit 1 Function code 0x10
on the number of registers, which can be read. If this is exceeded the 2 Start register address MSB
slave will issue an exception code 2. 3 Start register address LSB
Table 9-1 Master request 4 Number of 16 bit registers MSB
— 5 Number of 16 bit registers LSB
Byte Description _ N
o - 6 Length of register data to write (in bytes)
Slave destination node address 1 through 247, 0 is -

0 global 7 Register data 0 MSB

1 Function code 0x03 8 Register data 0 LSB

2 Start register address MSB 7+byte count | CRC LSB

3 Start register address LSB 8+byte count | CRC MSB

4 Number of 16 bit registers MSB Table 9-6 Slave response

5 Number of 16 bit registers LSB Byte Description

6 CRCLSB 0 Slave source node address

U CRC MSB 1 Function code 0x10
Table 9-2 Slave response 2 Start register address MSB

Byte Description 3 Start register address LSB

0 Siave source node address 4 Number of 16 bit registers written MSB

1 Function code 0x03 5 Number of 16 bit registers written LSB

2 Length of register data in read block (in bytes) 6 CRCLSB

3 Register data 0 MSB 7 CRC MSE

4 Register data 0 LSB . .

cgister daa FC23 Read/Write multiple
3+byte count | CRCLSB Writes and reads two contiguous arrays of registers. The slave imposes
4+byte count | CRC MSB an upper limit on the number of registers which can be written. If this is

FCO06 Write single register
Writes a value to a single 16 bit register. The normal response is an echo

exceeded the slave will discard the request and the master will time out.

Table 9-7 Master request

of the request, returned after the register contents have been written. Byte Description
The register address can correspond to a 32 bit parameter but only 16 0 Slave node address 1 through 247, O is global
bits of data can be sent. 1 Function code 0x17
Table 9-3 Master request 2 Start register address to read MSB
Byte Description 3 Start register address to read LSB
0 Slave node address 1 through 247, 0 is global 4 Number of 16 b?t reg?sters to read MSB
1 Funciion code 0x06 5 Number.of 16 bit registers t.o read LSB
5 Register address MSB 6 Start reg!ster address to wr!te MSB
3 Register address LSB 7 Start register ad.dres§ to write L.SB
Z Register data MSB 8 Number of 16 b!t reg!sters to wr!te MSB
5 Register data LSB 9 Number of 1§ bit registers to. wrl.te LSB
3 CRCLSB 10 Length of register data to write (in bytes)
7 CRC MSB 11 Register data 0 MSB
12 Register data 0 LSB
Table 9-4 Slave response 11+byte count | CRC LSB
Byte Description 12+byte count | CRC MSB
0 Slave source node address
1 Function code 0x06
2 Register address MSB
3 Register address LSB
4 Register data MSB
5 Register data LSB
6 CRC LSB
7 CRC MSB
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Table 9-8 Slave response Table 9-10 Slave response
Byte Description Byte Value Description
0 Slave source node address 0 0x08 Slave destination node address
1 Function code 0x17 1 0x03 FCO03 multiple read
2 Length of register data in read block (in bytes) 2 0x10 Length of data (bytes) = 4x32 bit registers = 16
3 Register data 0 MSB bytes
4 Register data 0 LSB 3-6 Pr 20.021 data
3+byte count | CRC LSB 7-10 Pr 20.022 data
4+byte count | CRC MSB 11-14 Pr 20.023 data
15-18 Pr 20.024 data
9.1.7 Extended data types 19 | CRC LSB
Standard MODBUS registers are 16bit and the standard mapping maps 20 |CRC MSB
a single #X.Y parameter to a single MODBUS register. To support 32 bit

data types (integer and float) the MODBUS multiple read and write
services are used to transfer a contiguous array of 16bit registers.

Slave devices typically contain a mixed set of 16 bit and 32 bit registers.
To permit the master to select the desired 16 bit or 32 bit access the top
two bits of the register address are used to indicate the selected data
type.

The selection is applied for the whole block access.

Reads when actual parameter type is different from selected
The slave will send the least significant word of a 32 bit parameter if that
parameter is read as part of a 16 bit access.

The slave will sign extend the least significant word if a 16 bit parameter
is accessed as a 32 bit parameter. The number of 16 bit registers must
be even during a 32 bit access.

Example, If Pr 01.028 is a 32 bit parameter with a value of 0x12345678,

Pr 01.029 is a signed 16 bit parameter with a value of OXxABCD, and
Pr 01.030 is a signed 16 bit parameter with a value of 0x0123.

?i\t(;? $i\t(;g bits 0 - 13 St_art Numbe_r
Read register | of 16 bit | Response Comments
I | address | registers
Type select Parameter address Standard 16 bit
Xx100+Y-1 access to a 32 bit
The 2 bit type field selects the data type according to the table below: Pro1.028 | 127 1 0x5678 register will return
n low 16 bit word of
I)_/pe1f5|e1I2 Selected data Comments truncated data
s 15 type _ Pro1.028 | 16511* | 2 | Ox12345678 |Full 32 bit access
00 INT16 backward compatible Number of words
01 INT32 Pr01.028 | 16511* 1 Exception 2 | must be even for 32
10 Float32 IEEE754 standard bit access
Not supported on all slaves Standard 16 bit
11 Reserved access to a 32 bit
Pr 01.029 128 1 0xABCD register will return
If a 32 bit data type is selected then the slave uses two consecutive 16 low 16 bit word of
bit MODBUS registers (in 'big endian'). The master must also set the data
correct 'number of 16 bit registers'. 32 bitaccess to a 16
Example, read Pr 20.021 through Pr 20.024 as 32 bit parameters using Pro01.029 | 16512+ 2 OxFEFFABCD | Pit register will return
FCO03 from node 8: ) 32 bit sign extended
data
Table 9-9 Master request 30 bitaccess toa 16
Byte Value Description Pr01.030 | 16513* 2 000000123 bg rgglgter will return
0 0x08 | Slave destination node address 32 bit sign extended
1 0x03 | FC03 multiple read data
2 0x47 | Start register address Pr 20.021 Standard 16 bit
: Pr 01.028 access to a 32 bit
3 OxE4 | (16384 +2021 - 1) = 18404 = 0x47E4 to 127 2 g:::gésD register will return
4 0x00 Number of 16bit registers to read Pr 01.029 low 16 bit word of
Pr 20.021 through Pr 20.024 is 4x32 bit registers = truncated data
5 0x08 . .
8x16 bit registers Pr 01.028
& |CRCLSB to | o511 | 4 | XIZHOOTS e 32 pit access
CRC Pr 01.029
7 MSB
* Bit 14 is set to allow 32 bit access.
Writes when actual parameter type is different from
selected
The slave will allow writing a 32 bit value to a 16 bit parameter as long as
the 32 bit value is within the normal range of the 16 bit parameter.
The slave will allow a 16 bit write to a 32 bit parameter. The slave will
sign extend the written value, therefore the effective range of this type of
write will be -32768 to +32767.
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Examples, if Pr 01.028 has a range of 100000, and Pr 01.029 has a range of +10000.
Write Start register Numbe.r of 16bit Data Comments
address registers
Pr 01.028 127 1 0x1234 Standard 16 bit write to a 32bit register. Value written = 0x00001234
Standard 16 bit write to a 32bit register. Value written =
Pr 01.028 127 1 0xABCD OXFFEFABCD
Pr 01.028 16511 2 0x00001234 | Value written = 0x00001234
Pr 01.029 128 1 0x0123 Value written = 0x0123
Pr 01.029 16512 2 0x00000123 | Value written = 0x00000123
* Bit 14 is set to allow 32 bit access
9.1.8 Exceptions 9.1.10 Device compatibility parameters
The slave will respond with an exception response if an error is detected All devices have the following compatibility parameters defined:
in the master request. If a message is corrupted and the frame is not 3 D m—
received or the CRC fails then the slave will not issue an exception. In arameter escription
this case the master device will time out. If a write multiple (FC16 or Device ID Unique device identification code

FC23) request exceeds the slave maximum buffer size then the slave
will discard the message. No exception will be transmitted in this case
and the master will time out.

Exception message format
The slave exception message has the following format.

Byte Description
0 Slave source node address
1 Original function code with bit 7 set
2 Exception code
3 CRC LSB
4 CRC MSB

Exception codes
The following exception codes are supported.

Code Description
1 Function code not supported
2 Register address out of range, or request to read too many
registers

Parameter over range during block write FC16

The slave processes the write block in the order the data is received. If a
write fails due to an out of range value then the write block is terminated.
However, the slave does not raise an exception response, rather the
error condition is signalled to the master by the number of successful
writes field in the response.

Parameter over range during block read/write FC23
There will be no indication that there has been a value out of range
during a FC23 access.

919 CRC

The CRC is a 16 bit cyclic redundancy check using the standard CRC-16
polynomial x16 + x15 + x2 + 1. The 16 bit CRC is appended to the
message and transmitted LSB first.

The CRC is calculated on ALL the bytes in the frame.

The minimum delay between the end of a
message from the master and the time at which
the master is ready to receive a response from
the slave. Refer to Pr 11.029 (Minimum
Comms Transmit Delay).

Minimum slave response time

When global addressing, the master must wait
for this time before issuing a new message. In
a network of devices, the slowest time must be
used.

Maximum slave response time

Maximum baud rate

If this data type is not supported then an over
range error will be raised if this data type is
used.

32 bit float data type supported

Maximum buffer size Determines the maximum block size.

9.2

Ethernet communication
(Unidrive M700 / M702)

This section describes the adaptation of the Ethernet interface offered
on the Unidrive M700 and M702 drives. The portable software class
which implements this protocol is also defined.

9.21 Features
The following list gives an overview of the functionality available:

+ Dual RJ45 connectivity with support for shielded twisted pair.
* 100 Mbs Ethernet with auto-negotiation.

» Full and half duplex operation with auto-negotiation.

* Auto crossover detection.

+  TCPI/IP.

*  Modbus TCP/IP.

«  EtherNet/IP or Profinet 10.

»  Switch or Gateway mode.

* VLAN tagging.

*  SyPTPro.

*  Unidrive M Connect.

* Machine Control Studio.

»  Static IP configuration or DHCP client.

* Non-cyclic data transfer with user program.

* Up to 3 transmit and 3 receive cyclic links (easy mode).
+ |EEE1588 Precision Time Protocol synchronization.

* RTMoE (Real Time Motion over Ethernet).

9.2.2 Backupl/auxiliary supply

Some drives provide a method of powering up the control circuits (and
therefore any option module installed) if the AC supply is removed, this
allows Ethernet communication to continue operating when the main AC
supply is switched off.

9.2.3 Network design considerations

Ethernet is an open system allowing many different vendors to design

and supply equipment. When designing an industrial network you must
carefully consider the topology and data traffic on the network to avoid
potential problems.
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To avoid bandwidth issues it is recommended that the control network is
logically separate from any other network. Where possible a physically
separate network should be used. If this is not possible, the use of
managed network devices should be considered to prevent unnecessary
traffic such as broadcasts reaching the control network.

DS The use of un-switched hubs is not supported.

9.2.4 Addressing

The addressing system used on Ethernet uses two essential numbers
for making connection, these are the IP address and the subnet mask.
The address allows a specific device to be located and the subnet mask
defines how many bits represent the subnet part of the address and how
many bits represent the node address (see section 9.2.7 Generating the
complete address on page 116). Generally devices on different subnets
can only communicate by using a gateway (typically a router or firewall).

9.2.5 Where do IP addresses come from?

Every address on a network must be unique. If you do not connect your
network to any other networks the assignment of IP addresses is not
critical (although using a standard system is recommended), as you
have full control of the addresses used. The issue of addressing
becomes important when connecting multiple networks together or
connecting to the Internet where there is a strong possibility of
duplication of addresses if a scheme is not followed.

9.2.6 Addressing etiquette

The following list details some points that should be considered when

selecting addresses:

* Reserve address space: Ensure you have enough reserve address
space on your chosen addressing scheme to allow for future
expansion.

* Uniqueness: Ensure your addresses are unique, every device on a
subnet must have a unique address.

* Avoid reserved addresses: For example the address 127.0.0.1 is
reserved as the loop back address.

* Broadcast and system addresses: The highest and lowest host
address on a subnet are reserved addresses.

* Use a system: Have a scheme for assigning your addresses, for
example typically servers may have a low IP address and routers a
high IP address. It is not necessary to allocate consecutive IP
addresses so it is possible to reserve ranges for specific uses such
as servers, work stations or routers.

9.2.7 Generating the complete address

A complete IP address consists of an IP address and a subnet mask,
these two numbers are required to allow communication on Ethernet
using TCP/IP.

The IP address

The IP address is made up from four 8 bit decimal numbers (octets) and
is written as follows:

w.x.y.z forexample 192.168.0.1

The subnet mask

The subnet mask defines what part of the address constitutes the subnet
within the IP address and what part of the address constitutes the host
address. The subnet mask is bit-wise ANDed with the address to give
the subnet to which the host belongs. A typical subnet mask would be
255.255.255.0, this may alternatively be written as /24’ as in the
example below, showing an IP address of 192.168.0.1 with a subnet
mask of 255.255.255.0. This alternative notation indicates the number of
bits representing the subnet part of the address, starting from the most
significant bit.

Alternative subnet mask notation: 192.168.0.1 /24

Completing the address

To determine which part of the address constitutes the network address
and which part constitutes the node address, the IP address is bit-wise
ANDed with the subnet mask. Figure 9-1 shows how the IP address and
subnet mask are used to determine the subnet address and the host
address.

Figure 9-1 Completing the address

[192 ] [ 168 ] [0 ] (1] ‘

IP Address

[
i b uice AND
B
Subnet Mask [2s5] [255] [255] [ o |
EEEEEEEE NEEENNEE ENENEEEN ([
M M | B
SubnetAddress [ 192 | [1e8 ] [0 | | [0 ] Mot
| | SEEES| 5§ SesjssSSEEEn
9.2.8 DHCP considerations

Using fixed IP addressing

Using fixed IP addresses (manually configured) means that if a module
fails, the IP address can be restored to a replacement module without
the need to reconfigure the DHCP server. Using fixed addresses also
prevents the DHCP server from changing the address. When using fixed
IP addresses, it is vital that the IP address is reserved on the DHCP
server to prevent duplicate addressing.

If using manual IP address configuration please note that the
IP address subnet mask and the default gateway must also
be set manually.

In Profinet mode, Pr 4.02.004 (DHCP Enable) will be forced
off on initialisation.

9.2.9 Basic principles of routing

Routing is required to get TCP/IP packets from one subnet to another. In
an IP network, nodes from one subnet cannot communicate directly with
nodes on a different subnet. To allow nodes to communicate, a router
(or similar device) is required to allow the two subnets to exchange data.
This means that any node wishing to communicate with a node that is
not on its own subnet, must know the address of a router that is on its
own subnet. This is sometimes called a gateway or default gateway.

9.3 CT Modbus TCP/IP specification
(Unidrive M700 / M702)

Modbus TCP/IP

Modbus TCP/IP is one of the most widely supported industrial Ethernet
based protocols offering the functionality and simplicity of the Modbus
protocol, with the flexibility of Ethernet. Table 9-11 shows the supported
Modbus function codes.

Modbus TCP/IP uses the standard Modbus RTU Protocol Data Unit
(PDU) but without the CRC bytes and encapsulates it within a Modbus
TCP/IP Application Data Unit (ADU) for transmission. This means that
the Modbus PDU is the same for both standard (RTU) and Ethernet
based transmission.

Table 9-11 Supported Modbus function codes
[~ Code Bescription

3 Read multiple 16 bit registers.

6 Write single 16 bit register.

16 Write multiple 16 bit registers.

23 Read and write multiple 16 bit registers.
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9.31 Data structure Figure 9-3 Data type selection
Communication between devices is based upon Modbus Application - - -
Data Units (ADUs), the ADU consists of 2 parts, the Modbus Application | bit 15 | bit 14 | bit 13 to 0
Protocol (MBAP) header and the Modbus Protocol Data Unit (PDU). .
Type Register address
Figure 9-2 Modbus Data Structure
b14 Data type
i Modbus ADU ) 16-bit
! ! 1 32-bit
' ! ' ' : If 32-bit data type is selected then this effectively adds 16384 (0x4000)
MBAP Header Function Code ‘ Data tothe start register address.
e.g. For drive parameter Pr 01.021 in standard addressing mode, the
start register value is 16384 + 120 = 16504 (0x4078)
Table 9-12 MBAP Header )
Tongth 9.3.4 Supported Modbus function codes
Field (Bytes) Description The following table details the supported Modbus function codes.
Trlf‘jnsa.‘?“"” 2 Uniquely identifies the transaction (0 to 65535) Table 9-14 Supported Modbus function codes
entifier "
Function Code b ioti
Protocol - escription
Id?n?if?gr 2 Identifies the protocol (0 = Modbus) Decimal Hex (0x) P
Length 2 Number of following bytes in the message 3 03 Read multiple 16-bit registers
Unit Identifier 1 Uniquely identifies the destination node (0 to 255) 6 06 Write single 16-bit register
The unit identifier within the MBAP header is used to identify whether the 16 10 Write multiple 16-bit registers
destination node is the host drive or an option module (not available on 23 17 Read and write multiple 16-bit registers
the onboard Ethernet interface with firmware versions prior to ] ]
V01.02.01.10). 9.3.5 Register addressing

Table 9-13 MBAP Unit Identifier

Unit Identifier Destination
0 or 255 Drive
1 Slot 1
2 Slot 2
3 Slot 3
4 Slot 4 (onboard Ethernet)
254 Self

9.3.2 Data access

Data access using Modbus TCP/IP takes the form of a request for data
by the master, followed by a response from the slave indicating success
or failure. If no response is received this indicates that the message has
not been received or the message is invalid or the node is unable to
reply.

Each drive or option module parameter is internally mapped to a single
16-bit Modbus register, all Modbus function codes access 16-bit
registers only. To access a 32-bit parameter, two contiguous Modbus
registers must be specified in the request and the 32-bit data access
scheme must be used.

9.3.3 32-bit data access

Standard Modbus registers are 16 bits in size and reference a single
drive/option module parameter. To access a 32-bit data value the
multiple read/write services must be used to transfer a contiguous array
of 16-bit registers. To instruct the client to select either 16-bit or 32-bit
access bit 14 of the register address is used.

Bit b15 of the register address is reserved for future use.

The Modbus register address is 16 bits in size, of which the upper two
bits are used for data type selection leaving 14 bits to represent the
parameter address, taking into account the slave increments the
address value by 1, this results in a theoretical maximum parameter
address of 163.84 (limited to 162.99 in software) when the default
standard addressing mode (see Modbus Register Addressing Mode
(S.15.013)) is used.

To access a parameter number above 99 then the modified addressing
mode must be used (see Modbus Register Addressing Mode
(8.15.013)), this will allow access to parameter numbers up to 255 but
also limit the maximum menu number to 63.

DSl A reset is not required to activate the change, the addressing
mode is effectively made active immediately on changing.

The Modbus slave device increments the register address by 1 before
processing the command, this effectively prevents access to parameter
Pr 00.000 in the drive or option module.

The Table 9-15 shows how the start register address is calculated for
both addressing modes.
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Table 9-15 Start register addressing Master request data Slave response data
CT Addressing . Hex o Hex L
P . Protocol register Byte | - iLe |Description Byte | - | Description
Standard mm * 100 + ppp - 1 0-1 | 00 2A |Transaction ID (42) 0-1 | 00 2A | Transaction ID (42)
s.mm.ppp — -
Modified mm * 256 + ppp - 1 2-3 | 0000 |Protocol ID (0=TCP/IP) 23 | 000 |Prowcal ID
(0=TCP/IP)
Examples
4-5 | 00 06 |Length (Bytes=6 4-5 | 00 OF [Length (Bytes=15
16-bit 32-bit gth By ) gth By )
- - FE |Unit identifier (FF= FE |Unit identifier (FF=
Decimal | Hex (0x) | Decimal | Hex (0x) 6 Drive) 6 Drive)
0.01.021 Standard 120 0078 16504 4078 7 03 |Function code (3) 7 03 |Function code (3)
o Modified 276 01 14 16660 4114
odifie 89 |47 E4 |Start register (20.20) 8 | oc (DBa}}taef:’}gZ‘;‘
Standard 99 00 63 16483 40 63
0.01.000 10-11 | 00 06 |Number of registers (6) 9-12 ? Pr 0.20.021 data
Modified 255 00 FF 16639 40 FF
13-16 ? Pr 0.20.022 data
Standard 7000 1B 58 23384 5B 58
3.70.001 17-20 ? Pr 0.20.023 data
Modified N/A N/A N/A N/A
Standard N/A N/A N/A N/A 9.3.7 FCO06 — Write single register
0.03.161 . . . . T :
Modified 928 03 A0 17312 23 A0 This funct!on code writes a single 16-bit value to a reglster. The normal
response is an echo of the request (unless an exception occurs)
9.3.6 FCO03 — Read muItipIe registers returned after the parameter has been written.

This function code allows a contiguous array of registers to be read. The
maximum number of registers that can be read is 120, this allows up to
120 16-bit parameters or 60 32-bit parameters to be read in a single
transaction. If this is exceeded the server will issue an exception

The register address can be a 32-bit parameter address but only the
lower 16 bits of the value will be written.

Master request data Slave response data

response code 2. Byte |Description Byte |Description
Master request data Slave response data 7 | Function code 0x06 7 | Function code 0x06
Byte |Description Byte |Description 8 Start register address 8 Start register address
(MSB) (MSB)
7 Function code 0x03 7 Function code 0x03
9 Start register address 9 Start register address
Start register address Length of data in read block (LSB) (LSB)
8 8
(MSB) (Bytes) - -
10 Register data 10 Register data
9 Start register address 9 Register data (MSB) (MSB)
(LSB) (MSB) - -
1 Register data 1 Register data
10 Number of 16-bit registers 10 Register data (LSB) (LSB)
(MSB) (LSB)
1 Number of 16-bit registers Example
(LSB) To write the value 12345 to drive parameter 0.20.001 (transaction ID

The normal response includes the function code, number of data bytes
in the read block followed by the register data (unless an exception
occurs).

If 32-bit parameter addressing is used, then for each parameter read:

. Two 16-bit registers must be used in the request
. The register data in the response will contain 4 bytes of data

Example
To read drive parameters 0.20.021 to 0.20.023 (transaction ID = 42) with
32-bit data access and standard addressing:

= 42) using standard addressing:

Master request data Slave response data

Byte v:f:e Description Byte v:f:e Description
0-1 00 2A ;I;trg?saction ID 0-1 00 2A ;I;lrg;wsaction ID
23 | 0000 gStToég'”'PD) 23 | 0000 gf‘T"é’;'”'PD)
4-5 | 0006 (Lss’/‘t%t:ZG) 4-5 | 0006 (Lg;t%tshzm
o | o | [
7 06 I(:0u6n)ction code 7 06 FGU)nction code
89 |07D0 (S;g'r:)gfgimer 89 |07D0 (Sztgfa{)%%’iswr
10-11 | 30 39 E‘gjge)r data 10-11 | 30 39 Ez%ijtse)r data
9.3.8 FC16 — Write multiple registers

This function code allows a contiguous series of registers to be written.
The maximum number of registers that can be written is 120, this allows
up to 120 16-bit parameters or 60 32-bit parameters to be read in a
single transaction. If this is exceeded the server will issue an exception
response code 2.The normal response includes the function code, start
register address and number of 16-bit registers written (unless an
exception occurs), returned after the parameters have been written.
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If 32-bit parameter addressing is used, then for each parameter written:

. Two 16-bit registers must be used in the request

. Four bytes must be specified in the request

. The number of registers written in the response will be twice
the number of parameters written

Master request data Slave response data

Byte |Description Byte |Description
7 Function code 0x10 7 Function code 0x10
Start register address .
8 (MSB) 8 Start register address (MSB)
9 Start register address(LSB) 9 Start register address (LSB)

Number of 16-bit registers
10 |written
(MSB)

10 Number of 16-bit registers
(MSB)

1 Number of 16-bit registers

1 Number of 16-bit registers
(LSB)

written (LSB)

Length of register data to
12 |write
(Bytes)

13 |Register data (MSB)

14 |Register data (LSB)

Example
To write the value 12345 to drive parameters 0.20.021 through 0.20.023
(Transaction ID=42) using standard 32-bit addressing:

Master request data Slave response data

Byte V:ﬁfe Description Byte V';f:e Description
0-1 | 002A ;I;rg;maction ID 01 | 002A gg?saction ID
23 | 0000 |70, D 23 | 0000 |(1OP0) D
4-5 | 0013 (Lg;‘tgtsh: 19) 4-5 | 0006 (Lg;t%t::&
A e o | [
7 10 I(:1u6n)ction code 7 10 ZUGr;ction code
89 |47E4 (S;g_r});%%ismr 89 |47E4 (Sztg_r;;%%iswr
10-11 | 00 06 z\ét;mber of registers 10-11 | 00 06 Eggisters written
12 oc geﬁfst?r data length
13-16 gg gg Register data 0
17-20 gg gg Register data 1
21-24 gg gg Register data 2
9.3.9 FC23 - Read/Write multiple registers

This function code allows a contiguous series of registers to be written
and another contiguous series of registers to be read. The maximum
number of registers that can be read is 120 and similarly the maximum
number of registers that can be written is 120, this allows up to 120 16-
bit parameters or 60 32-bit parameters to be read and / or written in a
single transaction. If this is exceeded the server will issue an exception
response code 2.

Master request dataSlave response data

Onboard
PLC

Advanced uL
parameters

Diagnostics information

Byte |Description Byte |[Description
7 Function code 0x17 7 Function code 0x17
8 Start read register address 8 Length of data in read block

(MSB) (Bytes)
9 Start read register address 9 Register data
(LSB) (MSB)
10 Number of registers to read 10 Register data
(MSB) (LSB)
1" Number of registers to read
(LSB)
12 Start write register address
(MSB)
13 Start write register address
(LSB)
14 Number of registers to write
(MSB)
15 Number of registers to write
(LSB)
Length of register data to
16 |write
(Bytes)
17 Register data 0
(MSB)
18 Register data 0
(LSB)

The normal response includes the function code, number of data bytes
in the read block followed by the register data (unless an exception

occurs).

If 32-bit parameter addressing is used:

For each parameter read or written, two 16-bit registers must

be used in the request

For each parameter written, four bytes must be specified in the

request

For each parameter read, four bytes of data will be used in the

response
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Example

To write the value 12345 to drive parameters 0.20.021 through 0.20.023
and read the values of parameters 0.20.024 through 0.20.026
(Transaction ID=42) using standard addressing:

9.3.10

Modbus Exception Response Message

If the master request is rejected then an exception response message
will be eturned.

Exception Response Message

Master request data Slave response data Byte | Hox valus |Description
Byte Hex Description Byte Hex Description 0-1 7?27  |Transaction ID (defined by Modbus Master)
value value
2-3 00 00 Protocol ID
0-1 | 002A Transaction ID 0-1 | 002A Transaction ID rotoco
(42) (42) 4-5 00 03 Number of data bytes to follow
Y= — —
2.3 | 0000 Z)r:_trcg:gl/lg >3 | 0000 gi)%%:gl/llg) 6 27 Unit |éent|f|er .
7 7 Function code (request FC with bit b7 set to 1)
. Length . Length -
4-5 | 0017 (Bytes=6) 4-5 | 00 OF (Bytes=15) Exception code
8 ?? 01 = Function code not supported
6 FF Unit identifier 6 FF Unit identifier 02 = Invalid register address
(FF= Drive) (FF= Drive)
Function code Function code The master request function code will be returned but with bit b7 set
7 7 (23) 7 7 (23) (e.g. function code 0x03 will be returned as 0x83).
Start read register Length of data
89 | 4TET | (90.023) 8 | 0C | Bytes=12)
Number of read .
h ?? ?? |Register data 0
10-11 | 00 06 Egglsters 9-12 2222 | (Pr 20.024)
Start write register ?? ?? |Register data 1
12-13 | 47 B4 (20.020) 13-16 ?? ?? |(Pr 20.025)
Number of write .
A ?? ?? |Register data 2
14-15 | 00 06 [g?lsters 17-20 2222 | (Pr 20.026)
Length of register
16 0C |data to write
(Bytes=12)
00 00 |Register data 0
17201 30 39 |(12345)
00 00 |Register data 1
21-24 30 39 |(12345)
00 00 |Register data 2
2528 | 3039 |(12345)
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9.4 RTMoE (Real Time Motion over 9.41 RTMoE Message rate capability

Ethernet) (Unidrive M700 / M702)

This is a communication protocol developed to provide Ethernet
synchronisation and data transfer between Control Techniques drives.

RTMOoE provides:
. Drive synchronization using the Precision Time Protocol (PTP)
otherwise known as IEEE1588 V2

Each PTP device has a tuneable clock running. Following an
arbitration process the devices select a master and tune their
clocks until they are synchronized to that master. This process
may take several seconds to complete.
. Data transfer
» Cyclic data (synchronous and non-synchronous) is
sent using the User Datagram Protocol (UDP)

* Non-cyclic data is sent using the Transmission
Control Protocol (TCP)

. Cycle time down to 250 ps (Using Machine Control Studio)

. Jitter less than 1 ps
RTMoE can be configured in two ways:

. Via Machine Control Studio using the Advanced link editor or

. Via parameters using the Easy Mode menus (10 and 11)
The full capabilities of RTMoE are available only when using Machine
Control Studio.
Table 9-16 shows the comparison between Easy Mode and Machine
Control Studio support levels.

Table 9-16 RTMOoE Support levels

Support Level
Capability Easy Mode Machine Control
Studio (1 @)

Non-cyclic communication No Yes
Total number of transmit cyclic links 3 1
Total number of receive cyclic links 3 1
Max transmit synchronous links 1 1
Max receive synchronous links 1 1
Max length of non-synchronous link 10 x 32-bit 10 x 32-bit(@
Max length of synchronous link 3 x 32-bit 3 x 32-bit
Minimum tran;mission period 1ms 1ms
(non-synchronised)
v oms | to0me®
?Ag;;@ﬁ:\;ntir::ds)mssmn period 1ms 250 s
Maximum transmission period
(Synchronised) 8 ms 8 ms
Synchronised with onboard program Y?ism(;vl;e: rz);():le Y(—*-;ism((\;vr;e: r?:):le
Max parameter accesses per second 6000 6000
Max messages per second (S.02.004) 8000 8000

() MCi2x0 firmware version V01.08.04.06 and later.

() Maximum number of parameter in a non-synchronous links between
two MCi210 modules (V01.08.04.06 and later) is 20.

Q) Currently the Ethernet interface only supports cyclic links using Easy
Mode (Menu 10), cyclic links using Machine Control Studio will be
available in a future release of the Ethernet interface firmware.

The number of cyclic links is limited to a maximum of 2 when
accessing the option module internal parameters (e.g. the
PLC register menus 7x).

When designing a network, the message loading for each device should
be checked to ensure the number of messages do not exceed the
maximum recommended value.

Consider the following example where a Unidrive M700 is
communicating with three other devices over Ethernet using Modbus
TCP/IP (10 parameters read every 100 ms), EtherNet/IP (5 parameters
read every 10 ms and 5 parameters written every 10 ms) and RTMoE
(2 parameters written every 500 ps).

Number of Parameters accessed/ | Message rate
Protocol Rate
Parameters second | second
Modbus
TCP/IP 10 x read 100 ms 100 10
5 x read 10 ms 500 100
EtherNet/IP
5 x write 10 ms 500 100
RTMoE 2 x write 500 ps 4000 2000
Total 5100 2210
Maximum supported 6000 8000
Within capability? v v

9.4.2 RTMoE Message type

From the system design, it should be known how many drives will be
used and what data needs to be sent where. There are two fundamental
ways of sharing data:

. Cyclic data — use cyclic links for important information relating
to the dynamic behavior of the machine (e.g. control word,
speed reference, etc.)

. Non-cyclic data — used for non time-critical information (e.g.
drive setup data) A user program must be used to control the
transfer of non-cyclic messages. (see Non cyclic enable
(8.02.035) and Non cyclic base parameter (S.02.036))

Each cyclic message can be one of three types:

1 Unicast — used if data needs to go OOO
from one device to another ]
(J
00
Broadcast — used if data needs to go
2 . .
from one device to all other devices
Multicast — used if data needs to go 0
3 from one device to a subset of the %
other devices
(0]

By choosing the most appropriate transmission type an efficient and
reliable network can be designed.

For example:

. Three drives must use an ELS (Electronic Line Shaft) to follow
a Smart Drive. In this case a multicast message should be
used to transmit the reference position from the Smart Drive.

. Three drives need to return general status information to the
Smart Drive. In this case, each drive should send a unicast
message to the Smart Drive.

. The Smart Drive needs to command all other drives to stop/
start. The Smart Drive should use a broadcast message to
transmit the command to all the other drives.
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Broadcast messages should be used with care, bottlenecks
in the network can be easily created by using broadcast
messages, this will reduce the performance of the network
and, in extreme situations, seriously impair the system
operation.

9.4.3 Checking for bottlenecks

There are three main reasons why a bottleneck occurs:

1. Adrive is receiving more Ethernet messages than it can handle
(8000 frames per second).

2. Adrive is being asked to access more parameters than it can handle
(6000 parameters per second).

3. A segment of the network has reached it's bandwidth limit.
For a full duplex 100Mbit/sec Ethernet network, assuming all
Ethernet messages are the maximum 1500 bytes in length, the
bandwidth is 8000 frames/sec in each direction.

+ Itis unrealistic to assume that all messages will be full
frames
* In reality the maximum number of frames/sec will be
higher

* A more detailed frame analysis may be performed if
necessary but the values stated can be used to quickly
determine whether bottlenecks could be a problem

9.44 RTMoE Message synchronization

Cyclic messages can be synchronized or non-synchronized.

Only one synchronized cyclic link in each direction (one transmit and
one receive) is possible so these should only be used for high precision
applications where the motion of multiple drives must be closely coupled
(e.g. printing applications). All other messages should be sent using a
non-synchronized cyclic link.

Synchronized cyclic data links utilise the IEEE1588 clock time
distributed across the network. The IEEE1588 clock can synchronize the
drive's control loops to within a 1 ys accuracy, Pr 0.11.002 Option
Synchronisation Active displays the active option slot providing
synchronization. With synchronized control loops the Ethernet interface
can be used to transfer drive parameters containing motion information,
including those from the AMC.

With normal Ethernet there are a number of variables that can impact
upon the performance of the network. These include:

« Delays through switches - Ethernet is a switched network and
messages are typically copied completely into a switch before being
forwarded on. This is fundamental to modern Ethernet and cannot
be influenced by system design.

* Message length — the longer a message, the longer it will take to
transmit and copy into a switch before forwarding it on. For a
synchronous cyclic link frame this delay is 12 ys, for a full Ethernet
frame it is 120 ps.

Message length can be controlled, but to maximise compatibility with
other Ethernet traffic, it is sensible to allow for full frame Ethernet
messages Where possible.

» Length of daisy chain - A daisy chain with Ethernet is really a chain
of three port switches.

This can be controlled through physical network design e.g. using a
tree structure to limit the length of daisy chains.

The above delays (Latency) are managed in software, in conjunction

with PTP, to ensure that all device use synchronous data at the same

time, but the length of the daisy chain must be controlled by careful
network design.

9.4.5 General guidelines for synchronous cyclic
data

The following guidelines provide a simple way of specifying a network

supporting synchronous cyclic data that offers accurate synchronization

and guaranteed determinism, whilst maintaining compatibility with

standard Ethernet traffic.

* Limit daisy chains to 10 drives

*  Where more than 10 drives are used, create a tree structure using a
switch

* Any Ethernet switches must support IEEE1588 V2

+ Segregate the network using VLANs and gateways

» Assign one device to be the synchronization master for each
segregated network

9.4.6 Segregating the network
If synchronous cyclic links are used, for best reliability it is sensible to
segregate the network. This means:

» Assign one (or more) drive(s) to be a gateway, which ensures
messages entering the segregated section are stripped of any
existing prioritisation information. (See Gateway Mode (S.02.025)

* Ensure that VLAN (Virtual Local Area Network) is enabled on all
devices so that synchronous data can be prioritized as it is passed
between switches. (See VLAN Enable (S.02.030))

* Use multiple Master Clock Domains. (See Master Clock Domain
(S.11.002))

9.4.7 Synchronization master
If a synchronous cyclic link is used then one device must be a

synchronous master, if this is an existing 3rd party device then, to
minimize the initialization time, all other devices/drives on the network
should not be allowed to become the synchronous master. To disable
the drive from becoming the synchronous master then set the value in
Preferred Sync Master (S.11.001) to O, this ensures the drive does not
become the synchronous master.

If there is no existing synchronous master then a suitable drive should
be chosen (see Preferred Sync Master (S.11.001)), in choosing which
drive to be the synchronous master, the physical position of the drives
and network layout should be considered so as to minimize the number
of switches each message has to pass through.

A typical segregated network using VLANs and gateways consisting of
three separate sections of a machine controlled by one master PLC is
shown in the following diagram.
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Figure 9-4 Typical separately synchronized segregated network
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Configuring a single drive to act as both gateway and
synchronization master will increase the message loading on
that drive, in some situations this may result in a reduction of
the network performance. In these situations, separate drives
should be used for the gateway and synchronization master.

For the gateway mode to operate correctly, the standard
Ethernet network must be connected to port 1 on the drive
and the real-time Ethernet to port 2 as shown in Figure 9-4.

9.4.8 VLANs

To guarantee the timing of synchronous links VLANs must be enabled
using VLAN Enable (S.02.030). VLANSs include a priority field that is
applied to all messages. This field is used to apply a higher priority to
synchronous cyclic data than other non-deterministic traffic.

9.4.9 Parameter Update Rate

Parameters are exchanged over the network. The value exchanged over
the network must be exchanged with the drive or option parameter. The
rate of data exchange differs for synchronous and non-synchronous
cyclic links as well as for drive and option destinations.

The diagram below depicts the update cycles used within the Ethernet
interface. Cyclic link mappings being exchanged with the drive will be
updated at the background task rate. This rate (Background cycles per
second (S.09.008)) varies with the load on the Ethernet interface;
EtherNet/IP data exchange also takes place in the background task.

CIP

Network Assembly

Ethernet/IP RPI Background

Task

9.5 EtherNet/IP specification

(Unidrive M700 / M702)

The Ethernet interface supports the EtherNet/IP protocol and conforms
to the EtherNet/IP adaptation of the Common Industrial Protocol (CIP)
Specification. This is the same upper-layer protocol and object model as
used in DeviceNet.

The Ethernet interface module will operate as a slave device and the
following functionality is supported:

. Variable length input assembly object (instance 100) with
consistency for up to 32 parameters

. Variable length output assembly object (instance 101) with
consistency for up to 32 parameters

. User selectable RPI timeout action

. Identity object (class 0x01)

. Motor data object (class 0x28)

. Control supervisor object (class 0x29)

. AC/DC Drive object (class 0x2A)

. Control Techniques objects (classes 0x64 to 0x69)

. Explicit (non-cyclic) access to parameters

9.5.1 Requested Packet Interval (RPI) timeout

This timeout is defined by the EtherNet/IP protocol and is configured in
the PLC master. If enabled, the Ethernet interface will monitor the data
traffic once the cyclic data has been established, and if data is not
received within the specified time, it will perform the requested action as
defined by Pr §.20.011 RPI timeout action. This indicates that the
interface has detected that the cyclic data communication has been
interrupted.

The RPI timeout action will only occur on a loss of cyclic data
message, i.e. after cyclic data has been established and sub-
sequently lost. No action will be taken if no cyclic data has
been detected.
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9.5.2 Read consistency The user program in the SI-Applications Plus module may be written as

Under normal conditions, cyclic data is sampled and transmitted at the
Requested Packet Interval (RPI). However, if an option module was in
the process of modifying the mapped parameters while these
parameters were being sampled, then the data transmitted across the
network may not be consistent across the entire assembly object. If read
consistency is enabled (S.20.026 /n Consistency Enable) and a trigger
parameter specified in In Consistency Trigger Param (S.20.027) then
data will only be sampled and transmitted when the trigger parameter
In Consistency Trigger Param (S.20.027) contains a non-zero value.
This trigger parameter will then be set to zero after the data has been

sampled.

It is therefore possible, by controlling the trigger parameters, that a user
program in the drive or option module can ensure that the values in the
cyclic data parameters are not sampled until all values are updated.

Whether consistency is enabled or not, data will always be consistent for
an individual parameter, i.e. all 4 bytes of a 32-bit value will be

consistent.

9.5.3 Write consistency

Under normal conditions, cyclic data is sampled and written at the
Requested Packet Interval (RPI). However, if an option module was in
the process of reading the mapped parameters while these parameters
were being written, then the data obtained may not be consistent across

the entire assembly object. If write consistency is enabled (Out

Consistency Enable (S.20.028)) and a trigger parameter specified in Out
Consistency Trigger Param (S.20.029) then new data will only be written

to the drive (or option module) when the trigger parameter Out

Consistency Trigger Param (S.20.029) contains a value of zero. This
trigger parameter will then be set to one after the data has been written.

It is therefore possible, by controlling the trigger parameters, that a user
program in the drive or option module can ensure that the values in the
cyclic data parameters are not sampled until all values are updated.

Whether consistency is enabled or not, data will always be consistent for
an individual parameter, i.e. all 4 bytes of a 32-bit value will be

consistent.

Example

In this example, Pr 0.18.031 is set as the input trigger and Pr 0.18.032 is
set as the output trigger. The EtherNet/IP master is configured to check
the values of Pr 0.20.011 and Pr 0.20.012 are equal and write the same
value to Pr 0.20.021. The Sl-Applications Plus module is configured to

generate a ramp value between -32768 and 32767 to write to
Pr 0.20.011 and Pr 0.20.012 when the value of Pr 0.20.021 is equal to

the ramp value.

With the input and output consistency enabled, parameters Pr 0.20.011
and Pr 0.20.012 will be sampled and transmitted to the EtherNet/IP
master when the input trigger parameter Pr 0.18.031 is a non-zero
value, Pr 0.20.021 will be written to when the output trigger parameter

Pr 0.18.032 is a value of zero.
The parameter changes required are:

$.20.020 /nput assembly object size
$.20.021 Output assembly object size
$.20.026 /n Consistency Enable
$.20.027 In Consistency Trigger Param
$.20.028 Out Consistency Enable
$.20.029 Out Consistency Trigger Param
S.21.001 /nput mapping parameter 1
$.21.002 /nput mapping parameter 2
S$.22.001 Output mapping parameter 1

= 8 (bytes)
=4 (bytes)
=0n

=0.18.031
=0n

=0.18.032
=0.20.011
=0.20.012
=0.20.021

follows (some changes may be necessary to account for bus cycle times
and parameter update rates):

Initial{

/[ Initialise variables

NewValue% =0

#86.03=0
#86.04 =0
#20.011=0
#20.012=0
#20.021=0

REINIT

} Mnitial

Background{

top:

IF #18.32 =1 THEN
/I Output trigger set
/I Check first sum value against NewValue

ENDIF

/I Set digital outputO off

/I Set digital output1 off

/I Set input parameter 1 to 0
/I Set input parameter 2 to 0
/I Set output parameter 1 to 0
/I Initialise configuration

IF #20.021 = NewValue% THEN

ELSE

ENDIF

/I OK increment values by 1

NewValue% = NewValue% + 1

IF NewValue% > 32767 THEN NewValue = -32768
#20.011 = NewValue%

#20.012 = NewValue%

/I Set input trigger — Read input parameters and
transmit to master
#18.031 =1

/I Delay for PLC to get inputs - depends on cycle
time and parameter access time
DO WHILE #18.031 =1
/l Dummy command
NewValue% = NewValue%
LOOP

/I Reset output trigger
#18.032=0

/I Delay for outputs to be written - depends on
parameter access time
DO WHILE #18.032 =0
// Dummy command
NewValue% = NewValue%
LOOP

/I ERROR - set DOPO ON
#86.03 =1

goto top: // main background loop
} //Background
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9.5.4 Non-cyclic (explicit) data transfer

Table 9-17 Supported drive assembly objects

Non-cyclic or explicit messaging is used to read and write parameters Assembly Class Default Mappings

rom cyclaly by mears o sssembly tfocs ALofthe ACDesprofe | olstrame [ o] (5120 | oee [y o ey

The Control Techniques objects provide access to all drive and slot Primaryl 100 64 4 to 80 Input | 0.10.040 | 0.02.001
parameters using the following format. BscSpdCtrl 70 6 2 Input
Object |CT Group| “LTM® | CT Siot 1| CT Slot2 | CTSlot3 | CT Slot 4 ExtSpdCtrl 71 47 4 Input
Class coda| 100 101 102 103 104 105 SpdTrqCrl ” 48 6 Input
(0x64) | (0x65) | (0x66) | (0x67) | (0x68) | (0x69) ExtSpdTrqCtrll 73 49 6 Input

Instance Menu PrimaryO 101 65 410 80 Output | 0.06.042 | 0.01.021
Attribute Parameter BscSpdCtrlO 20 14 4 Output
Read code 14 (0xOE) Get_Attribute_Single ExtSpdCtrlO 21 15 4 Output
Write code 16 (0x10) Set_Attribute_Single SpdTrqCtrlO 22 16 6 Output
An instance value of 0 is not a valid value in this context, ExtSpdTraCino 2 ! ° Output

therefore an instance value of 200 (0xC8) should be used to 9.5.8 Basic speed control

access menu 0 parameters. For more information on the
Control Techniques object see section 9.5.21 Control Tech-
niques objects on page 134.

9.5.5 Cyclic (implicit or polled) data transfer

Cyclic data is a method of data transfer that must be setup during
network configuration, but is transmitted automatically at the determined
rate once configuration is complete.

EtherNet/IP transfers cyclic data using assembly objects, “cyclic data” is
sometimes referred to as “Polled data” or “implicit data”.

The terms “input” and “output” refer to data from the perspective of the
PLC, an “output” assembly object transfers data from the PLC to the
drive, an “input” assembly object transfers data from the drive to the
PLC.

Some PLCs provide the option of transmitting a configuration
assembly object. The Ethernet interface does not use a con-
figuration object; if one is required by the PLC then instance
1 should be specified with a length of 0 bytes.

9.5.6 Configuring EtherNet/IP cyclic parameters

In order to use cyclic data over EtherNet/IP, the EtherNet/IP interface
must be configured to map the required parameter data to the assembly
object.

For drive parameter access, object 100 (0x64) is used for reading
parameters and object 101 (0x65) is used for writing parameters. The
pre-defined assembly objects as listed in Table 9-17 Supported drive
assembly objects can also be configured as cyclic data.

9.5.7 Assembly objects

An assembly object is an object which contains a group of attributes to
control or monitor the drive operation. These attributes can be members
of EtherNet/IP objects or drive parameters. The Ethernet interface
supports a series of standard assembly objects and two Control
Techniques objects (100 and 101) to access the drive parameters

(see Table 9-17 Supported drive assembly objects on page 125).

Conformance with the pre-defined assembly objects specifi-
cation can only be guaranteed if the speed reference config-
uration of the drive has not been changed from the default
settings. For information on setting default values, refer to the
appropriate drive user guide.

Output assembly object 0x14 (20,¢)
The PLC or scanner must be configured for 4 output bytes (or 2 output
words) if this assembly object is to be used.

Table 9-18 Basic speed control

Data word Function
Word 0 Basic control word.
Word 1 Speed reference (SpeedRef).

Basic control word

The basic control word consists of 2 bytes (16 bits), with only 2 bits of the
low byte being used as shown below.

b15 b14 b13 b12 b11 b10 b9 b8
b7 b6 b5 b4 b3 b2 b1 b0
FaultRst RunFwd

The individual bit functions are described as follows:

Name Control Word |Description
RunFwd b0 Set this b!t to _command the drive to run in the
forward direction.
FaultRst b2 AO tp 1 tr§n8|t|on will reset the drive if the drive
was in a trip state.

For the drive to run at the speed specified in Word 1,
Pr 0.06.043 must be ON and bit 0, bit 7 and bit 8 of the drive
control word (Pr 0.06.042) must all be set to 1 and the
external hardware enable signal must be present.
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The individual bit functions for the drive control word are shown in
Table 9-19 below.

Table 9-19 Drive control word bit functions

Bit Function Equivalent parameter
0 Drive enable Pr0.06.015
1 Run forward Pr 0.06.030
2 Jog forward Pr 0.06.031
3 Run reverse Pr 0.06.032
4 Forward/reverse Pr 0.06.033
5 Run Pr 0.06.034
6 Not stop Pr 0.06.039
7 Auto/manual N/A

8 Analog/preset reference Pr 0.01.042
9 Jog reverse Pr 0.06.037
10 Reserved N/A

11 Reserved N/A

12 Trip drive N/A

13 Reset drive Pr0.10.033
14 Keypad watchdog N/A

Speed reference (SpeedRef)
The speed reference word utilises 2 bytes (16 bits) as shown below.

b15 | b14 | b13 | b12 b11 b10 | b9 | b8
SpeedRef (high byte)

The individual bit functions are described as follows:

Control _
Name Word Description
RunFwd b0 Sgt tms bit to command the drive to run in the forward
direction.
Set this bit to command the drive to run in the reverse
RunRev b1 N
direction.
FaultRst b2 A.O to 1 transition will reset the drive if the drive was in a
trip state.
NetCtrl b5 Used in conjunction with Pr 0.06.043 to enable the drive
control word bits b0-b6 and bit 9 (Pr 0.06.042).
Set this bit to command the drive to use the remote
NetRef b6 e
speed reference value specified in Word 1.

For the drive to run at the speed specified in Word 1,
Pr 0.06.043 must be ON and bit 0, bit 7 and bit 8 of the drive
control word (Pr 0.06.042) must all be set to 1 and the
external hardware enable signal must be present.

For information on the drive control word see Table 9-19
Drive control word bit functions on page 126.

Conformance with the pre-defined assembly objects specifi-
cation can only be guaranteed if the speed reference config-
uration of the drive has not been changed from the default
settings. For information on setting default values, refer to the
appropriate drive user guide.

Speed reference (SpeedRef)
The speed reference word utilises 2 bytes (16 bits) as shown below.

b7 | b6 | b5 | b4 | b3 | b2 | b1 | bO b1s [ b14 | b13 |S'°112Rf|h_';1;t| b1o | b9 | b8
SpeedRef (low byte) peedRef (high byte)

For more information on the setting of the speed reference see Table 9- b7 | b6 | bS | b4 | b3 | b2 | b1 | bo
40 AC/DC Drive object attributes on page 133. SpeedRef (low byte)

9.5.9 Extended speed control
Output assembly object 0x15 (214¢)

The PLC or scanner must be configured for 4 output bytes (or 2 output
words) if this assembly object is to be used.

Table 9-20 Extended speed control

For more information on the setting of the speed reference see Table 9-
40 AC/DC Dirive object attributes on page 133.

9.5.10 Basic speed and torque control
Output assembly object 0x16 (22,,)

The PLC or scanner must be configured for 6 output bytes (or 3 output
words) if this assembly object is to be used.

Data word Function
VI oo o Table 9-21 Basic speed and torque control
Word 1 Speed reference (SpeedRef). Data Word Function
Word 0 Basic control word.
Extended control word Word 1 Speed reference (SpeedRef).
The extended control word consists of 2 bytes (16 bits), with only the low Word 2 Torque reference (TorqueRef).

byte used as shown.

b15 b14 b13 b12 b11 b10 b9 b8

Basic control word

The basic control word consists of 2 bytes (16 bits), with only 2 bits of the
low byte being used as shown below.

b7 b6 b5 b4 b3 b2 b1 b0

b15 b14 b13 b12 b11 b10 b9 b8

NetRef | NetCtrl FaultRst | RunRev | RunFwd

b7 b6 b5 b4 b3 b2 b1 b0

FaultRst RunFwd

The individual bit functions are described as follows:

Control

Name Word

Description

b0 Set this bit to command the drive to run in the forward

RunFwd direction.

b2 A 0 to 1 transition will reset the drive if the drive was in

FaultRst a trip state.

For the drive to run at the speed specified in Word 1,
Pr 0.06.043 must be ON and bit 0, bit 7 and bit 8 of the drive
control word (Pr0.06.043) must all be set to 1.

126

Unidrive M700 / M701 / M702 Control User Guide
Issue Number: 2




Product
information

Mechanical
installation

Safety
information

Basic
parameters

Electrical
installation

Getting
started

Running
the moto

r

Onboard
PLC

uL
information

Advanced

Diagnostics
parameters

A Drive NV Media Card
Optimization e N
communication [NeJEIE ]

For information on the drive control word see Table 9-19
Drive control word bit functions on page 126.

The speed reference word utilises 2 bytes (16 bits) as shown below.

b15 | b14 | b13 | b12 | b11 | b10 | b9 | b8
Speed reference (SpeedRef) SpeedRef (high byte)
The speed reference word utilises 2 bytes (16 bits) as shown below. b7 | b6 | b5 | oa b3 | b2 | b1 | B0
b15 | b14 | b13 | b12 | b11 | b10 | b9 | b8 SpeedRef (low byte)
SpeedRef (high byte) . . .
For more information on the setting of the speed reference see Table 9-
b7 | b6 | b5 | b4 | b3 | b2 | b1 | b0 40 AC/DC Drive object attributes on page 133.
SpeedRef (low byte) Torque reference (TorqueRef)

For more information on the setting of the speed reference see Table 9-
40 AC/DC Dirive object attributes on page 133.

The torque reference word utilises 2 bytes (16 bits) as shown below.

b15 | b14 | b13 | b12 | b11 | b10 | b9 | b8
Torque reference (TorqueRef) TorqueRef (high byte)
The torque reference word utilises 2 bytes (16 bits) as shown below. b7 | b6 | b5 | oa | 53 | b2 | b1 | 50
b15 | b14 | b13 | b12 | b11 | b10 | b9 | b8 TorqueRef (low byte)
TorqueRef (high byte) . . .
For more information on the setting of the torque reference see Table 9-
b7 | b6 | b5 | b4 | b3 | b2 | b1 | b0 40 AC/DC Drive object attributes on page 133.
TorqueRef (low byte) 9.5.12 Basic speed feedback

For more information on the setting of the torque reference see Table 9-
40 AC/DC Dirive object attributes on page 133.

9.511 Extended speed and torque control
Output assembly object 0x17 (234)

The PLC or scanner must be configured for 6 output bytes (or 3 output
words) if this assembly object is to be used.

Table 9-22 Extended speed and torque control

Input assembly object 0x46 (70,¢)

The PLC or scanner must be configured for 4 input bytes (or 2 input
words) if this assembly object is to be used.

Table 9-23 Basic speed feedback

Data word Function
Word 0 Basic status word.
Word 1 Speed feedback (SpeedActual).

Data word Function Basic status word
Word 0 Extended control word. . . . . .
The basic status word consists of 2 bytes (16 bits), with only 2 bits of the
Word 1 Speed reference (SpeedRef).
low byte used as shown below.
Word 2 Torque reference (TorqueRef).
b15 b14 b13 b12 b11 b10 b9 b8
Extended control word
The extended control word consists of 2 bytes (16 bits), with only 5 bits
of the low byte used as shown below. b7 b6 b5 b4 b3 b2 b1 b0
Running
b15 b14 b13 b12 b11 b10 b9 b8 1 Faulted
(Fwd)
o7 b6 b5 oa 53 b2 b1 B0 The individual bit functions are described as follows:
NetRef | NetCtrl FaultRst | RunRev | RunFwd Bit Name Description
The individual bit functions are described as follows: b0 Faulteq | ndicates whether the drive is OK or tripped
(0=0K, 1=Tripped).
Name Cvc\alntrgl Description b2 Running1 |Indicates if the drive is running in the forward direction
or (Fwd) (0=False, 1=True).
RunFwd bo Set this bit to command the drive to run in the forward
direction. Speed feedback (SpeedActual)
RunRev b1 jifztect:tt}icfnbit to command the drive to run in the reverse The speed feedback word utilises 2 bytes (16 bits) as shown below.
FaultRst b2 A 0 to 1 transition will reset the drive if the drive was in a b15 | b14 | b13 | b12 | ?11 | b10 | b9 | b8
trip state. SpeedActual (high byte)
Used in conjunction with Pr 06.043 to enable the drive b7 b6 b5 b4 b3 b2 b1 b0
NetCtrl b5 | control word bits b0-b6 and bit 9 (Pr 06.042). | | | | | | |
SpeedActual (low byte)
NetRef b6 Set this bit to command the drive to use the remote
speed reference value specified in Word 1. For more information on the speed feedback see Table 9-40 AC/DC

For the drive to run at the speed specified in Word 1,
Pr 06.043 must be ON and bit 0, bit 7 and bit 8 of the drive
control word (Pr 06.042) must all be set to 1 and the external
hardware enable signal must be present.

For information on the drive control word see Table 9-19
Drive control word bit functions on page 126.

Speed reference (SpeedRef)

Drive object attributes on page 133.
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9.5.13 Extended speed feedback Speed feedback (SpeedActual)

Input assembly object 0x47 (714¢) The speed feedback word utilises 2 bytes (16 bits) as shown below.
The PLC or scanner must be configured for 4 input bytes (or 2 input
words) if this assembly object is to be used.

b15 | b14 | b13 | b12 | b11 | b10 | b9 | b8
SpeedActual (high byte)

Table 9-24 Extended speed feedback

b7 | b6 | b5 | b4 | b3 | b2 | b1 | b0
Data word Function SpeedActual (low byte)
Word 0 Extended status word. For more information on the speed feedback see Table 9-40 AC/DC
Word 1 Speed feedback (SpeedActual). Drive object attributes on page 133.
Extended status word 9.5.14 Basic speed and torque feedback

Input assembly object 0x48 (72,¢)

The PLC or scanner must be configured for 6 input bytes (or 3 input
words) if this assembly object is to be used.

The extended status word consists of 2 bytes (16 bits), with the bits
having functions as shown below.

b15 b14 b13 | b12 | b11 | b10 | b9 b8 Table 9-26 Basic speed and torque feedback
DriveState
Data word Function
b7 b6 b5 b4 b3 b2 b1 b0 Word 0 Basic status word.
At RefF CtrlF Running2 | Running1 .
Reforence eNertom rNertom Ready ‘2&:}'3)9 "(’2\?/'3)9 Warning | Faulted Word 1 Speed feedback (SpeedActual).
Word 2 Torque feedback (TorqueActual).
The DriveState byte returns a code to indicate the operating state of the -
drive as shown in Table 9-25 following. Basic status word
Table 9-25 DriveState codes The basic status word consists of 2 bytes (16 bits), with only the low byte
— used as shown below.
Code b15 - b8 State Description
i i i b15 b14 b13 b12 b11 b10 b9 b8
1 00000001 Startup Zhls state is skipped over on CT
rives.

2 00000010 Not_Ready Inhibit.

3 00000071 Ready Ready. b7 b6 b5 b4 b3 b2 b1 b0

2 00000100 Enabled _|Run or Stop. R?EV”JQF Faulted

5 00000101 Stopping Deceleration or Injection.

is wi if Mai The individual bit functions are described as follows:
6 00000110 Fault_Stop AC_QU (this will only occur if Mains
Loss is enabled). - m—
A Bit Name Description
7 00000111 Faulted Tripped.
- Indicates whether the drive is OK or tripped
0 | 00000000 | Vendor Specific |2l other DriveType states, e.g. Scan, b0 Faulted | 1-0K, 1=Tripped).
Orienting, Regen Active, etc.

o " b2 Running1 |Indicates if the drive is running in the forward direction

The individual bits of the low byte of the extended status word are (Fwd) (0=False, 1=True).

described below.
Speed feedback (SpeedActual)

The speed feedback word utilises 2 bytes (16 bits) as shown below.

Extended status word (low byte)

Name Bit Description
Indicates whether the drive is OK or tripped. b15 | b14 | b13 | b12 | b11 | b10 | b9 | b8
Faulted b0 0=OK (Pr0.10.001=1). SpeedActual (high byte)
1=Tripped (Pr 0.10.001=0).
Warning b1 [Indicates if one of the drive alarms is active. b7 | b6 | b5 | b4 | b3 | b2 | b1 | b0
Running1 b2 Indicates if the drive is running in the forward direction. SpeedActual (low byte)
(Fwd) O=False, 1=True. - -
Running2 b3 Indicates if the drive is running in the reverse direction. Fo,r more, mform.atlon on the speed feedback see Table 9-40 AC/DC
(Rev) 0=False, 1=True. Drive object attributes on page 133.

The ‘Ready’ bit is set depending on which state the drive is Torque feedback (TorqueActual)
in.

Ready = True. The torque feedback word utilises 2 bytes (16 bits) as shown below.
Ready b4 _

Enabled = True.
Stopping = True. b15 | b14 | b13 | b12 | b11 | b10 | b9 | b8
All others = False. TorqueActual (high byte)
Indicates if the drive is being controlled from the ‘Drive

CtrlFromNet | b5 | Control Word'. b7 | b6 | b5 | b4 | b3 | b2 | b1 | b0
O=False, 1=True. TorqueActual (low byte)
Indicates if the speed reference is derived from

RefFromNet | be |Pr0-01.021. For more information on the torque feedback see Table 9-40 AC/DC
O=False (PI‘ 0.01.050<>1 OR Pr 0.01.049<>3). Drive object attributes on page 133.

1=True (Pr 0.01.050=1 AND Pr 0.01.049=3).

Indicates if the drive speed has reached the set reference.
AtReference | b7 |0=False (Pr 0.10.006=0).
1=True (Pr 0.10.006=1).

128 Unidrive M700 / M701 / M702 Control User Guide
Issue Number: 2



Safety Product Mechanical Electrical Getting Basic Running Optimization Drive NV Media Card | Onboard | Advanced Diagnostics UL
information information installation installation started parameters the motor P communication Operation PLC parameters 9 information
9.5.15 Extended speed and torque feedback Speed feedback (SpeedActual)

Input assembly object 0x49 (73,¢)

The PLC or scanner must be configured for 6 input bytes (or 3 input
words) if this assembly object is to be used.

Table 9-27 Basic speed and torque feedback

Data word Function
Word 0 Extended status word.
Word 1 Speed feedback (SpeedActual).
Word 2 Torque feedback (TorqueActual).

Extended status word

The extended status word consists of 2 bytes (16 bits), with the bits
having functions as shown below.

The speed feedback word utilises 2 bytes (16 bits) as shown below.

b15 | b14 | b13 | b12 | b11 | b10 | b9 | b8
SpeedActuall(high byte)

b7 | b6 | b5 | b4 | b3 | b2 | b1 | b0
SpeedActual (low byte)

For more information on the speed feedback see Table 9-40 AC/DC
Drive object attributes on page 133.

Torque feedback (TorqueActual)

The torque feedback word utilises 2 bytes (16 bits) as shown below.

The DriveState byte returns a code to indicate the operating state of the
drive as shown in Table 9-28.

Table 9-28 DriveState codes

b15 | b14 | b13 | b12 | b11 b10 | b9 | b8
b15 | b14 b13 b12 b11 | b10 | b9 b8 TorqueAciual (nigh by1e)
DriveState
- - - o = = = - b7 | b6 | b5 | b4 | b3 | b2 | b1 | b0
TorqueActual (low byte)
At RefFrom | CtrlFrom Ready Running2 | Running1 Warning | Faulted
Reference |  Net Net (Rev) | (Fwd) For more information on the torque feedback see Table 9-40 AC/DC

Drive object attributes on page 133.

9.5.16 Object Model

The Object Model has the following object classes present.

Table 9-30 Supported Objects

Code b15 - b8 State Description
1 00000001 Startup This state is skipped over on CT drives. Class Code
— . Number of
2 00000010 Not_Ready |Inhibit. Object Class becimal | HeX | Instances Effect
3 00000011 Ready Ready. (0x)
4 00000100 Enabled Run or Stop. Identity 1 01 1 Provides device specific
5 00000101 Stopping Deceleration or Injection. information.
AC_UU (this will only occur if Mains A | 4 4 1 Defines the I/O data format
6 | 00000110 | Fault Stop |} ‘cic enabled). ssembly 0 6 (parameter mapping).
7 00000111 Faulted Tripped. Motor Data 40 28 2 Defines the motor data.
0 00000000 | Vendor Specific éll_otr:_er ngeTypK stgates,te.g. Scan, Control 41 29 1 Provides drive control and
rienting, Regen Active, etc. Supervisor monitoring information.
The individual bits of the low byte of the extended status word are AC/DC Drive 42 2A 1 Provides drive configuration
described in Table 9-29 Extended status word (low byte) on page 129. and running state information.
Table 9-29 Extended status word (low byte) CT Group 100 64 |<No. of menus>F rovides access to drive

parameters.

Indicates if the drive is being controlled from the ‘Drive
Control Word'.
O=False, 1=True.

CtrIFromNet b5

Indicates if the speed reference is derived from
Pr0.01.021.

0=False (Pr 0.01.050<>1 OR Pr 0.01.049<>3).
1=True (Pr 0.01.050=1 AND Pr 0.01.049=3).

RefFromNet b6

Indicates if the drive speed has reached the set
reference.

AtReference | b7 | Faise (Pr 0.10.006=0).

1=True (Pr 0.10.006=1).

Name Bit Description . Provides access to the local
Indicates whether the drive is OK or tripped. CT This Slot 101 65 |<No. of menus>0pti0n module parameters.
Faulted b0 [0=OK (Pr 0.10.001=1). Brovi h -
1=Tripped (Pr 0.10.001=0). CT Slot 1 102 | 66 |<No.of menus>m':(;’:ﬁ:Sp:f:;?t';;tinesfglfn
Warning b1 |Indicates if one of the drive alarms is active. . . i
Running1 Indicates if the drive is running in the forward direction. CT Slot 2 103 67 |<No. of menus>| Provides access to t_he option
(Fwd) b2 0=False. 1=True module parameters in slot 2.
Running2 Indicates if the drive is running in the reverse direction. CT Slot 3 104 68 |<No. of menus>| rovides access to the option
(Rev) b3 0=False, 1=True. ’ module parameters in slot 3.
The ‘Ready’ bit is set depending on which state the drive Provides access to the onboard
isin. CT Slot 4 105 69  |<No. of menus> Ethernet interface parameters.
Ready = True.
Ready b4 _ . .
Enabled = True. 9.5.17 Identity object
Stopping = True.
All others = False. Class:  0x01 (14q)

The identity object provides identification of and general information
about the device.

Table 9-31 Identity object
Attribute Access Name Data Type
1 Get VendorlD UINT
2 Get DeviceType UINT
3 Get ProductCode UINT
4 Get Revision USINT
6 Get SerialNumber UDINT
7 Get ProductName SHORT_STRING
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Returns the vendor ID code 0x101 (257,,) for Control Techniques.

Device type
Name: Device?ype
Class 0x01 Default 0x02
Instance 0x01 Data Type UINT
Attribute 0x02 Access Get
Returns the device type code. The following codes are used:

Device Type code Drive type

0x02 AC Drive

Product code
Name: Product Code
Class 0x01 Default See below
Instance 0x01 Data Type UINT
Attribute 0x03 Access Get

Returns a 16 bit value to identify the drive type and drive mode and also
links a node to the installed EDS files. The product code is calculated as
shown in Table 9-32 Product code bit allocation below.

Table 9-32 Product code bit allocation

b15|b14|b13|b12|b11 b10|b9|b8|b7|b6 b5|b4|b3 b2|b1 |b0

Drive Type Drive Derivative Drive Mode CIP code

Drive Type (b15 to b11)
The drive type is defined as follows:

Value

2 Unidrive M

Drive Type

Drive Derivative (b10 to b6)
The drive derivative as shown in Pr 0.11.028.

For more information on the drive derivative codes please refer to the
relevant drive documentation.

Drive Mode (b5 to b3)
The drive operating mode is defined as follows:

Value Operating Mode
0 Open-loop
1 RFC-A
2 RFC-S
3 Regen

CIP code (b2 to b0)
The CIP (Common Industrial Protocol) interface code is defined as
follows:

Value Interface ID Description

0 430 Unidrive M700 onboard Ethernet

1 447 Sl-DeviceNet

2 310 MCi210

3 433 Sl-Ethernet
Revision
Name: Revision
Class 0x01 Default N/A
Instance 0x01 Data Type ARRAY of USINT
Attribute 0x04 Access Get

Returns 2 bytes to indicate the major and minor revision numbers of the
Ethernet interface firmware version.

Safety Product Mechanical Electrical Getting Basic Running Optimizati Drive NV Media Card | Onboard | Advanced Di i UL
information information installation installation started parameters the motor ptimization communication Operation PLC parameters lagnostics information
Vendor ID The Ethernet interface firmware version (MM.002) consists of four 2-digit

Name: VendoriD decimal numbers with the following significance:

Class 0x01 Default 0x101 (2570) [Major].[Minor].[Budfix].[Build].

Instance 0x01 Data Type UINT The revision code returns the major and minor revisions of the Ethernet
Attribute 0x01 Access Get interface firmware version in two unsigned bytes, the major revision

being returned first followed by the minor revision.

Table 9-33 Revision specification

b7|b6|b5|b4|b3|b2|b1|b0

Major revision (MM.002 / 1000000)

R | Minor revision (MM.002 / 10000) Mod 100

Where “Mod 100" refers to the fractional value of the result from
MM.002/10000, (the value after the decimal point).

e.g. For a value of 12345678 in Pr MM.002 (12.34.56.78 on the keypad
display), the major revision is 12 and the minor revision is 34.

The returned data will consist of 2 unsigned bytes, the first byte will be
the major revision value 12 (0x0C) and the second byte will be the minor
revision value 34 (0x22).

Major revision

b7 b6 b5 b4 b3 b2 b1 b0
0 0 0 0 1 1 0 0

Major revision = 12 (0x0C)

Minor revision

b6 b5 b4 b3 b2 b1 b0

0 1 0 0 0 1 0

Minor revision = 34 (0x22)

Serial Number

Name: SerialNumber

Class 0x01 Default N/A
Instance 0x01 Data Type UDINT
Attribute 0x06 Access Get

Returns the lower 4 bytes (32 bits) of the Ethernet interface serial
number.

The Ethernet interface serial number is contained within two adjacent
parameters, Pr MM.004 Serial Number LS displays the least 8
significant decimal digits and Pr MM.005 Serial Number MS displays the
most 8 significant decimal digits.

For example, if the serial number of the onboard Ethernet interface is
123456789 then Pr MM.005 Serial Number MS will display 1 and
Pr MM.004 Serial Number LS will display 23456789.

The Ethernet interface serial number is set during manufacture and
cannot be changed.

Product Name

Name: ProductName
Onboard Ethernet Factory Fitted Ethernet
Class 0x01 |Default
SI-Ethernet SI-Ethernet
Instance 0x01 |Data Type SHORT_STRING
Attribute 0x07 |Access Get

Returns the product name as a short string of ASCII Bytes. The first byte
specifies the number of following bytes that constitute the product name.

9.5.18

Class:

Motor data object
0x28 (4010)
There are 2 instances of the Motor data object. Instance 1 will represent
menu 5 motor information (motor 1) and instance 2 will represent menu
21 motor information (motor 2). The instance being used by the other
dependant objects will be determined by Pr 0.11.045, to use the second
motor map objects (instance 2), Pr 0.11.045 should be set to Motor 2.
Pr 0.11.045 is polled in the background task, so the user should be
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aware that during motor map changeover, the RPM speed reference Get RatedCurrent2 = Pr 0.21.007 / 10.
may not be accurate. Thg available attriputes and associated functions Rated voltage
for the AC motor data object are shown in Table 9-34 AC Motor data —
, , Name: RatedVoltage1
object attributes below.
Class 0x28 Default Pr 0.05.009
Table 9-34 AC Motor data object attributes Instance 0x01 Data Type USINT
AC Motor Instance Attributes Drive Parameter Attribute 0x07 Access Get/Set
Attribute ID Name Access Instance 1 Instance 2 Returns or sets the rated motor voltage in Volts for instance 1. This
0x03 (319) | MotorType () | Get/Set None None attribute is linked to Pr 0.05.009.
Pr 0.05.007 Pr 0.21.007 " B
Name: RatedVoltage2
0x06 (6419) | RatedCurrent | Get/Set (scaled to 100 |(scaled to 100 mA g
mA units) units) Class 0x28 Default Pr 0.21.009
0x07 (719) | RatedVoltage | Get/Set | Pr0.05.009 Pr0.21.009 Instance 0x02 Data Type USINT
Attribute 0x07 Access Get/Set
Pr 0.05.006 Pr 0.21.006
0x09 (910) | RatedFreq | GetSet |\  oiciioHz) | (scaled to Hz) Returns or sets the rated motor voltage in Volts for instance 2. This
Pr 0.05.008 Pr0.21.008 attribute is linked to Pr 0.21.009.
0xOF (154) BaseSpeed Get/Set (scaled. to rpm (scaleq to rpm Rated frequency
units) units)
Get Pr0.21.015 Pr0.21.015 Name: RatedFreqt
0x64 (10040) | Motor2Select Class 0x28 Default Pr0.05.006 / 10
Set Pr 0.11.045 Pr 0.11.045 Instance x0T Data Type USINT
(* The MotorType attribute has no effect on drive operation, it is only Attribute 0x09 Access Get/Set

used to provide information to the user as shown in Table 9-35
Supported motor types below).

Returns or sets the rated motor frequency in Hertz for instance 1. This
attribute is linked to Pr 0.05.006.

Table 9-35 Supported motor types _ Set Pr0.05.006 = RatedFreq1 * 10.
Value Motor Type Get RatedFreq1 = Pr 0.05.006 / 10.
6 Wound rotor induction motor
7 Squirrel cage induction motor (default) Name: RatedFreq2
9 Sinusoidal PM BL motor Class 0x28 Default Pr0.21.006 / 10
10 Trapezoidal PM BL motor Instance 0x02 Data Type USINT
Attribute 0x09 Access Get/Set
eturns or sets the rated motor frequency In Hertz for instance 2. This

In Open loop mode, only values 6 and 7 will be supported.

attribute is linked to Pr 21.006.

Motor type Set Pr0.21.006 =RatedFreqg2 * 10.
Name: MotorType1 Get RatedFreq2 = Pr 0.21.006 / 10.
Class 0x28 Default 7 Base speed
Instance 0x01 Data Type USINT
Name: BaseSpeed1
Attribute 0x03 Access Get/Set
Class 0x28 Default Pr 0.05.008
Returns or sets the motor type to be used by the drive for instance 1. Instance 0x01 Data Type USINT
Attribute 0xOF Access Get/Set
Name: MotorType2 Returns or sets the base speed of the motor in RPM for instance 1. This
Class 0x28 Defauilt ! attribute is linked to Pr 0.05.008.
Instance 0x02 Data Type USINT
Attribute 0x03 Access Get/Set Name: BaseSpeed2
Returns or sets the motor type to be used by the drive for instance 2. Class Ox28 Default Pr0.21.008
Rated current Instance 0x02 Data Type USINT
Name: RatedCurrent] Attribute 0xOF Access Get/Set
Class O%28 Default Bro.05007 10 Ret.urns gr §ets the base speed of the motor in RPM for instance 2. This
Instance 0x01 Data Type USINT attribute is linked to Pr 0.21.008.
Attribute 0x06 Access Get/Set Motor2Select
Returns or sets the rated motor current in Amps for instance 1. This Name: Motor2Select
attribute is linked to Pr 0.05.007. Class Ox28 Default
Set Pr0.05.007 = RatedCurrent1 * 10. Instance 0x01 Data Type USINT
Get RatedCurrent1 = Pr 0.05.007 / 10. Attribute 0x64 Access Get/Set
- — Selects between Motor 1 and Motor 2. This attribute is linked to
Name: RatedCurrent2 Pr 0.11.045. When this bit is set to 1, Motor 2 will be active.
Class 0x28 Default Pr0.21.007 / 10 o . . .
Instance 0x02 Data Type USINT precgaggzgreghls attribute will be implemented when the
Attribute 0x06 Access Get/Set e s d '
Returns or sets the rated motor current in Amps for instance 2. This

attribute is linked to Pr 0.21.007.
Set Pr0.21.007 = RatedCurrent2 * 10.
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9.5.19 Control Supervisor object

Class:  0x29 (41,9)

The Control Supervisor object provides access to various attributes
which control or monitor the drive running state. The available attributes
and their associated functions are shown in Table 9-36 following.

Table 9-36 Control Supervisor object attribute

Optimization NV Media_Card Onboard | Advanced Diagnostics | - UL i
communication Operation PLC parameters information
State
Name: State
Class 0x29 Default N/A
Instance 0x01 Data Type USINT
Attribute 0x06 Access Get

This returns a code to indicate the current running state of the drive as

Attribute ID shown in Table 9-37 following.
Decimal | HeX Access Name Parameter dependence Table 9-37 Control Supervisor state attributes
(0x)
03 Get/Set RunFwd 0.06.042 bit1 Code State Parameter Dependence [Description
4 04 | Get/Set | RunRev 0.06.042 bit3 - —
1 Startup N/A [This state is skipped over
5 05 Get/Set NetCitrl 0.06.042 bit7
2 Not_Ready [0.10.101 =0 Inhibit
See Table 9-37 Control —ready
6 06 Get State Supervisor state attributes on 3 Ready 0.10.101 = 1 Ready
lpage 132
1 {0.10.040 AND 0x2002) = 0x0003 4 Enabled 10.10.101 =2 OR 0.10.101 =4 (Stop or Run
7 07 | Get |RunningFwd [~ g 10,040 AND 0x2002) <> 5 | Stopping [0.10.101=60R0.10.101 =7 |DScelerating or DC
0 injection braking
0x0002
8 08 Get | RunningRev o [0-10.040 AND 0x2002) <> 7 Faulted  [0.10.101=9 Tripped
0x2002
Vendor _ . ISee parameter reference
See Table 9-37 Control 0 Specific 0-10.101 = All other drive Statesguide
9 09 Get Ready Supervisor state attributes on
page 132 RunningFwd
10 0A Get Faulted Inverse of 0.10.001 Namo: Eunninngd
11 0B Get Warning 0.10.019 Class 0x29 Default N/A
12 oc Get/Set FaultRst Sets _o..1o.038 to100ona0to 1 Instance 0x01 Data Type USINT
transition Attribute 0x07 Access Get
ISee Table 9-37 Control . s L . .
13 oD Get FaultCode Supervisor state attributes on Indicates that the drive is running in the forward direction.
page 132 This attribute will be set to 1 when Pr 0.10.014 = 0 and Pr 0.10.002 = 1.
15 OF Get CtrIFromNet 0.06.042 bit7 AND 0.06.043 .
RunningRev
102 66 Get/Set | DriveEnable 0.06.042 bit0 — —
Name: RunningRev
RunFwd Class 0x29 Default N/A
N, T rtst-a;ce gxg; I[:ata Type :SINT
Class 0x29 Default N/A tribute X Scess et
Instance 0x01 Data Type USINT Indicates that the drive is running in the reverse direction.
Attribute 0x03 Access Get/Set This attribute will be set to 1 when Pr 0.10.014 = 0 and Pr 0.10.002 = 1.
Set to 1 to run the drive in the forward direction. Ready
Get/Set Pr 0.06.042 (bit 1). Name: Ready
Class 0x29 Default N/A
RunRev Instance 0x01 Data Type USINT
Name: RunRev Attribute 0x09 Access Get
[ 2 Defaul N/A - . . . .
Class 0x29 efault ! The Ready attribute will be set in accordance with the state as shown in
Instance 0x01 Data Type USINT Table 9-38
Attribute 0x04 Access Get/Set . i
Table 9-38 Control Supervisor Ready attributes
Set to 1 to run the drive in the reverse direction. -
Get/Set Pr 0.06.042 (bit 3 Code State Ready state
evset Fr 9.00. (bit 3). 3 Ready True
NetCtrl 4 Enabled True
Name: NetCtrl 5 Stopping True
Class 0x29 Default N All others False
Instance 0x01 Data Type USINT Faulted
Attribute 0x05 Access Get/Set
Name: Faulted
Switches between terminal and fieldbus control. Class Ox20 Detault NA
Get/Set Pr 0.06.042 (bit 7) Instance 0x01 Data Type USINT
0 = Terminal control. Attribute 0x0A Access Get

1 = Fieldbus control.

Indicates that the drive is tripped, i.e. not OK (inverse of Pr 0.10.001).

Get 1=Pr0.10.001 = 0.
Get 0 =Pr0.10.001 = 1.
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Warning 9.5.20 AC/DC Drive object
Name: Warning Class: 0x2A (424()
Class 0x29 Default N/A The AC/DC Drive object provides information on the drive running state
Instance 0x01 Data Type USINT and supports the following attributes:
Attribute 0x08 Access Get Table 9-40 AC/DC Drive object attributes
Indicates that one of the drive alarms is active. Attribute 1D Name Access Parameter dependence
Get Pr 0.10.019. 0x03 (319) | AtReference Get Pr 0.10.006
0x04 (440) NetRef Get/Set Pr 0.06.042 (bit 8)
FaultRst 0x06 (649) DriveMode Get/Set (See Table 941 on
Name: FaultRst 10 page 134)
Class 0x29 Default N/A RFC-A or Pr 0.03.002
Instance 0x01 Data Type USINT 0x07 (710) | SpeedActual Get RFC-S
Attribute 0x0C Access Get/Set (ngg Pr0.05.004
Resets the drive from a tripped condition. Pr 0.01.021
. Get/set | RFCAOr (scaled to 0 decimal
Sets Pr 0.10.038 to 100 on a 0 to 1 transition. RFC-S places)
FaultCode Pr 0.01.021 * 60 / NofPP
0x08 (8;0) SpeedRef Get (Bpen (scaled to 0 decimal
Name: FaultCode 10 peedie oop places)
Class 0x29 Default N/A Pr 0.01.021 = SpeedRef *
Instance 0x01 Data Type USINT Set Open NofPP /60
_ Loop (scaled to 0 decimal
Attribute 0x0D Access Get places)
The fault code attribute will return the ODVA fault code as follows: 0%0B (1140) | TorqueActual Get Pr0.04.020
o . ) ) ) 10 (scaled to 1 decimal place)
If the drive is not OK, the drive fault code is obtained from Pr 0.10.020, if Pr0.04.008
the drive fault code is listed in Table 9-39, then the ODVA fault code as 0x0C (1210) | TorqueRef | Get/Set (scaled to 1 decimal place)
shown in Table 9-39 below will be returned. 1 Pr 0.01.049=3 AND
0x1D (2919) | RefFromNet Get Pr0.01.050~1
i i i i - errromiNe €
!f the drive fault code is not listed in Table 9-39 then the Ethernet 10 ) Pr0.01.049<53 OR
interface will return the ODVA code as follows: Pr 0.01.050<>1

ODVA Fault Code = 0x1000 + drive fault code.

Table 9-39 Control Supervisor fault code attributes

NofPP = Number of Pole Pairs.

o ST AtReference
rive Fau rive Fau
Code ODVA Fault Code Code ODVA Fault Code Name: AtReference
1 0x3220 20 0x2310 Class 0x2A Default N/A
2 0x3210 21 0x4300 Instance 0x01 Data Type USINT
3 0x2300 26 0x5112 Attribute 0x03 Access Get
4 0x7112 32 0x3130 Indicates that the drive is running at the requested speed.
6 0x9000
Get Pr 0.10.006
CtrIFromNet 0= Dr!ve not r.unnlng at requested speed.
Name: CoFromNer 1 = Drive running at requested speed.
Class 0x29 Default N/A NetRef
Instance 0x01 Data Type USINT Name: NetRef
Attribute OxOF Access Get Class OX2A Default NA
Indicates whether the drive is operating under fieldbus or terminal Instance 0x01 Data Type USINT
control. Attribute 0x04 Access Get/Set

This attribute will be set to 1 if Pr 0.06.042 (bit 7) = 1 and Pr 0.06.043 = 1

(fieldbus).

DriveEnable

Name: DriveEnable

Class 0x29 Default N/A
Instance 0x01 Data Type USINT
Attribute 0x66 Access Get/Set

Enables the drive. This puts the drive into the “Ready” state, allowing the
RunFwd and RunRev attributes to control the drive. RunFwd and
RunRev will have no effect if DriveEnable is not set to 1.

Get/Set

Pr 0.06.042 bit 0.

IDEIEE The external hardware enable signal must also be present
before the drive will enter the Ready state.

Selects the source of the speed reference.

Get/Set Pr 0.06.042 bit 8
0 = analog speed reference.
1 = digital speed reference.

DSl The NetRef can only be changed between local and remote
when the drive is configured in speed control mode. If a
change is requested when in torque mode then a ‘Device
State Conflict’ error code 0x10 will be returned.
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DriveMode SpeedActual
Name: BriveMode Name: SpeedActual
Class O0x2A Default N/A Class O0x2A Default N/A
Instance 0x01 Data Type USINT Instance 0x01 Data Type USINT
Attribute 0x06 Access Get/Set Attribute 0x07 Access Get

DriveMode does not allow the operating mode of the drive to be
changed. Pr 0.04.011 will be written to as shown in Table 9-41 below,

Returns the actual speed of the motor in RPM. The source of the motor
speed depends on the operating mode of the drive.

provided that the drive is already in the correct operating mode. Get Pr0.05.004 (Open Loop)
Table 9-41 AC/DC Drive object DriveMode attribute (Get) Get Pr0.03.002 (RFC-A or RFC-S).
DriveMode -
Access Actm; dl:;rlve Torque Mode (0.4.011) SpeedRef
Value Mode Name: SpeedTief
1 oPse;etZOp Open-loop Class 0x2A Default N/A
Soeed rol mode (0 Instance 0x01 Data Type USINT
2 Closed Loop RFC-A peed control mode (0) Attribute 0x08 Access Get/Set
Speed \
pee RFC-S Sets or returns the speed reference in RPM.
Open-loop RFC-A or RFC-S
3 ggﬁtﬁ REC-A Torque control (3) Get/Set SpeedRef = Pr 0.01.021 (Scaled to 0 decimal places).
Get RFC-S Open loop
Reaen Don't care Get SpeedRef = (Pr 0.01.021 * 60) / Pole Pairs (Scaled to 0
9 decimal places).
Tofque(f\fe"r‘rrig'evgf; speed Set Pr0.01.021 = (SpeedRef * Pole Pairs) / 60 (Scaled to 0
0 User Defined or decimal places).
Don’t care Coiler / uncoiler mode (3)
or
[Speed control with torque feed TorqueACtual —
forward (4) Name: TorqueActual
Class 0x2A Default N/A
Table 9-42 AC/DC Drive object DriveMode attribute (Set) Instance 0x01 Data Type USINT
- Attribute 0x0B Access Get
Acce DriveMode Actual Drive Action
Value Mode Mode Returns the actual load on the motor as a percentage of the rated motor
. ) Rt Tl Atrbute Vale: load. This attribute has 1 decimal place precision, a value of 1000
0 User Defined| Don't care (0x09) represents 100.0 % load.
Pr0.04.011 = Speed control Get Pr0.04.020 (Scaled to 1 decimal place).
Open-loop mode (0)
TorqueRef
Open Loop RFC-A "
! Speed or Return ‘Drive state conflict’ e
RFC-S error (0x10) Class O0x2A Default N/A
Reoren Instance 0x01 Data Type USINT
9 Attribute 0x0C Access Get/Set
RFOC;'A Pr 0.04.011 = Speed control Sets the load (torque) reference as % of rated motor load (torque). This
Set RFC-S mode (0) attribute has 1 decimal place precision, so a value of 1000 represents
2 Closed Loop o
Speed 100.0 % load.
Open-loo| - e
PeCiO%® | Retum Drive state conflct Set Pr 0.04.008 = TorqueRef / 10 (Scaled to 1 decimal place).
error (Ux
Regen Get TorqueRef = Pr 0.04.008 * 10 (Scaled to 1 decimal place).
Open-loo
P or P RefFromNet
RFC-A Pr 0.04.011 = Torque control o
3 Torque or mode (1) Name: RefFromNet
Control RFC-S Class 0x2A Default
P — Instance 0x01 Data Type USINT
Return ‘Drive state conflict
Regen error (0x10) Attribute 0x1D Access Get

Pr 0.11.031 will never be changed by setting the DriveMode
attribute. An error (0x10) will be generated if the requested
DriveMode value does not correspond to the current
DriveType operating mode.

Indicates the source of the speed reference.
TRUE if Pr 0.01.049 = 3 and Pr 0.01.050 = 1.
FALSE otherwise.

9.5.21 Control Techniques objects

The Control Techniques objects (classes 0x64 to 0x69) allow access
to all drive and option module parameters. The class instance number
is used to reference the drive or option module menu number

(except menu 0) and the class attribute number references the
parameter within that menu.
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For example, the drive parameter Percentage Load (0.04.020) would be
accessed as class 0x64, instance 0x04 and attribute 0x14.

An instance value of 0 is invalid therefore to allow access to menu 0
parameters, the instance value 200 (0xC8) must be used.

The number of instances and therefore the number of menus for each
class depends on the destination device. If the drive is the destination
then the number of menus will depend on the drive operating mode. If
the destination is one of the option slots (or onboard Ethernet interface)
then the number of menus depends on the type of option module fitted
(or the onboard Ethernet interface).

Six individual classes are provided, the following table shows the
classes used when accessing the drive or option module parameters.

Table 9-43 Control Techniques object classes

Class Code
Hex Name Description
Dec
(0x)
100 64 CT Group [Provides access to all drive parameters
101 65 | CT This Slot Provides access to the connected Ethernet interface
lparameters
102 66 CT Slot 1 Provides access to the option module in slot 1
lparameters
103 67 CT Slot 2 Provides access to the option module in slot 2
lparameters
104 68 CT Slot 3 Provides access to the option module in slot 3
lparameters
105 69 CT Slot 4 Provides access to the onboard Ethernet interface
lparameters

9.6 Profinet IO specification
(Unidrive M700 / M702)
9.6.1 What is PROFINET?

PROFINET is an Ethernet based industrial network protocol adapting
Ethernet hardware and protocols to the real time needs of industrial
automation. Profinet enables distributed 1O control from a PLC.

9.6.2 Features / Specification

« Dual 100 BASE-TX RJ45 connectors with support for shielded
twisted pair, full-duplex 100 M bps connectivity with auto crossover
correction

* Both RJ45 ports operate in full duplex mode as a network switch

*  PROFINET Real Time class RT_Class_1 and conformance class A

*  Cycle times from 1 ms to 512 ms specified during configuration

* Automatic device replacement using the LLDP protocols

» LED indication of network port activity

*  Up to 64 cyclic IO module slots (maximum 32 inputs and 32 outputs
configured by network configuration tool and GSDML file)

* |dentification and Maintenance functions I&MO to I&M4 supported

DI VWhen referring to the cyclic data, the terms input and output
are with respect to the PROFINET 1O controller (PLC).

The terms 'network controller' and 'PLC' are mutually used in
this manual to refer to the PROFINET network controller.
This is generally a PLC with a PROFINET interface and
possibly a programming interface to connect to the
programming device or PC. However this interface is not
necessary, as the PROFINET interface can be used to
program the PLC.

9.6.3 GSDML Files

A GSDML (General Station Description Markup Language) file is
required to describe the drive interface to a PROFINET controller or
PLC. This is an XML file, the structure of which is specified by the
PROFIBUS INTERNATIONAL organization (www.profibus.org).

The GSDML file is used in conjunction with the network configuration
software to configure the Profinet interface for cyclic data exchange.
Many commonly used drive parameters are available as direct mapping
'modules’ to be added to the cyclic data 'slots'.

Non-specific 'Flexible modules' are also provided so that the user can
allocate a parameter within the drive (or option module), that is not
directly available as a specific 'module’. These options will be available
from a drop-down selection list within the 'Parameters' tab of the
'module’ properties.

The GSDML file can be downloaded from the main Control Techniques
company website (www.controltechniques.com), providing you are
registered or, alternatively, requested from your local Drive Centre or
supplier.

For further information regarding the use of the GSDML file
please refer to the PLC documentation

9.6.4 Network topology

The Ethernet interface has two Ethernet ports with integrated switches to
allow the use of line networks. However, when using line networks, a
break in the connection (for example when replacing a device) will cause
all devices downstream from the failure to also stop communicating with
the controller.

Other Ethernet network topologies can be used but care must be taken
to ensure that the system still operates within the constraints specified
by the designer.

Generally a star or tree network structure using switches gives improved
availability in the event of a device failure or replacement.
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Although the Profinet protocol does support all major topologies, line
networks are normally used for practical or financial reasons, other
topologies (e.g. star) may not be suitable for real time communications
due to their inherent use of switches or other network equipment.

Any network devices used, such as switches, must be capable of real
time communication. Standard office grade equipment is not normally
suitable and should not be used in an industrial environment.

For the device replacement feature to work, the physical
network topology must be configured in the controller. For
further information please refer to the controller or network
configuration software documentation.

9.6.5 Configuring the PROFINET IO
communications

No module parameters need to be configured by the user in order to

achieve PROFINET cyclic communications. All the necessary

configuration is undertaken by the network controller or PLC during the

start-up sequence, and after the network configuration is programmed

into the network controller or PLC.

It must be noted that when configuring the cyclic data modules, if a
module is configured but the associated drive parameter does not
actually exist in the drive, then the PLC will not start up correctly and will
indicate a configuration fault.

Parameters of slot option module menus can also be configured for
cyclic data communication via correctly configured 'Flexible Modules'.
The source of the associated parameter can be set to drive or any
possible slot within the 'Flexible Module' parameter properties.

9.6.6 Setting the Profinet device name

Each Profinet device must have it's own unique device name assigned
during network configuration. Device names are used by the controller to
communicate with the device for real time messages and alarms.
Without a device name the device will not enter data exchange with the
controller.

The actual device name is not important to the Profinet system itself,
however, a suitable name should be chosen so that it is easily
recognised on the network and identifies the location and function of the
device.

A typical device name may contain up to four labels, each label is
separated by a dot (.) and may be up to 63 characters in length.

The following rules must be observed when choosing the device name:

* Maximum length of 127 characters

»  Characters must be lower case letters, numbers, dashes (-) or
dots (.)

* The device name must start with a letter and end with either a letter
or number

* The device name must not be in the format n.n.n.n (where nis a
number from 0 to 999)

* The device name must not begin with the character sequence 'port-
xyz (where x, y and z are numbers from 0 to 9).

A typical example of a device name may be:

motor-1.conveyor-2.line-3.ct-4

The default device name is specified in the GSDML file under the section
'DNS_CompatibleName'.

9.6.7 Profinet transmission cycle (send cycle)

The Profinet transmission cycle is the time required to update all the
devices on the Profinet network, the duration of the transmission cycle is
determined by the Profinet device with the slowest update rate.

The transmission cycle can be split into a number of phases, where each
phase contains one or more devices with similar update rates, the
duration of each phase will be equal to the fastest update rate.

Base clock
The base clock is the minimum time unit used and is equal to 31.25 ps.

Send clock factor
The send clock factor determines the duration of each phase and is the
number of base clock periods within each phase.

The following table illustrates the relationship between the supported
send clock values and the phase duration.

Send Clock Factor Phase Duration (ms)

32 1
64 2
128 4

Phase duration
The duration (or length) of each phase is determined by the formula:

Phase duration = Send clock factor x Base clock.

Reduction ratio
The reduction ratio acts as a multiplier of the minimum update time (or
phase duration) and is determined for each device by the formula:

Reduction ratio = Device update time / Phase duration

Number of phases
The number of phases is determined by the formula:

Number of phases = Send cycle / fastest update rate.

Example:

In the following example, a system uses four devices, device 1 has an
update rate of 8 ms, device 2 has an update rate of 4 ms, device 3 has
an update rate of 2 ms and device 4 has an update rate of 1 ms.

Figure 9-5 Profinet transmission cycle
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Send cycle (8 ms)

2

El El

3

2]

Device 1 (8 ms update rate)

Device 2 (4 ms update rate) .
Each phase represents a time period in which a

frame is transmitt
Device 3 (2 ms update rate) ame is iransmiited

Device 4 (1 ms update rate)

]

The Profinet transmission cycle is effectively the slowest update rate
(8 ms in this example), and the phase duration is effectively the quickest
update rate (1 ms in this example).

= Send clock factor x Base clock
=32x31.25pus=1ms

Reduction ratio = Device update time / Phase duration

Phase duration

Reduction ratio geyicety =8ms/1ms=8

Reduction ratio (geyicezy =4 ms/1ms=4

Reduction ratio geyice3y =2ms/1ms =2

Reduction ratio geyicesy =1ms/1ms =1

Number of phases = Send cycle / fastest update rate
=8ms/1ms=8

9.6.8 Update rates

In contrast to some other fieldbus networks, Profinet devices can be
configured with different update rates, these rates are specified in the
device GSDML file. The Profinet interface on the M700 and M702
supports update rates of 1, 2, 4, 8, 16, 32, 64, 128, 256 and 512 ms.
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It is recommended that to avoid the possibility of overloading any
sections of the Profinet network, the slowest update rate necessary is
used.

The update rate can be configured in one of three ways:

+ Automatic — the update rate selected is the time calculated by the I/
O system that can be reliably achieved, based on the configuration.

* Fixed update time — the update rate is selected by the user from a
list of supported rates specified in the GSDML file

» Fixed factor — the update rate is selected by the user from a list of
supported rates specified in the GSDML file

This information only applies to the Siemens I/O configuration
system (TIA Portal/SIMATIC STEP7), other I/O configuration
systems may provide different configuration options.

9.6.9 Link Layer Discovery Protocol (LLDP)
LLDP is a manufacturer independent layer 2 protocol defined in
accordance with the IEEE802.1AB standard.

During start-up and at regular intervals, LLDP messages are used to
transfer device information between neighbouring devices. This
information includes the device name and connection port numbers.
LLDP messages use a special multicast destination MAC address that
the IEEE802.1D compliant bridges and switches should not forward.

If all devices in a network support LLDP messages then an accurate
network topology view can be presented in the 1/O system configuration /
diagnostic tool.

9.6.10 Discovery and Configuration Protocol (DCP)
The Discovery and Configuration Protocol is used in the event of a
device replacement to automatically configure the new device. All the
necessary configuration is done by an appropriate neighbouring device
when the new device is detected.

In order to use the network discovery and configuration protocol, the
PLC must be correctly configured and programmed with the physical
network topology, the following information is intended as a guide only,
for more specific information (in particular for other types of PLC's), then
please consult the PLC documentation.

DI Although the Siemens PLC is mentioned in this manual,
Control Techniques does not recommend or endorse any
particular PLC or controller manufacturer.

The following information relates to the Siemens S7-1215C PLC.

The PLC must be configured to support device replacement, this is an
option in the properties of the PROFINET port. In the device
configuration screen of the TIA PORTAL application, open the properties
of the PLC PROFINET port, click 'Interface options' under 'Advanced
options' as shown in Figure 9-6. Ensure the option 'Support device
replacement without exchangeable medium' is selected.

Figure 9-6 PLC device replacement option

Tawio TUowes
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The network topology must now be configured. From the hardware
configuration screen, select the port, right click it and select 'PROFINET
10 Topology...', the topology editor will be displayed, select the 'Graphic
view' tab and using 'drag and drop', connect the relevant device ports
together to match the physical network wiring. The program must then
be compiled and downloaded to the PLC in the normal manner.

Once the PLC has been configured, if a device is replaced then the new
device will be automatically configured with the original device's
properties, including the device name and IP address.

For the discovery protocol to work, the replacement device
must not have a device name programmed, i.e. it must be
blank or unused. If a device name exists in the module and
that name is different to the device name set in the network
configuration then the PLC will indicate a configuration error
and will not enter data exchange with it.

9.6.11 Identification and Maintenance (1&M)
Identification and Maintenance (1&M) functions can be used to read and
change various information about devices, such as manufacturer,
ordering information, serial number, etc. This information can be used to
assist the user in tracking the drive's life cycle through commissioning/
start-up, parameterization, diagnosis, repair, etc. The Ethernet interface
supports I&MO to 1&M4 inclusively; I&MO0 is mandatory for all PROFINET
devices, 1&M1 to 1&M4 are optional. Each I&M function returns specific
information about the device and is explained in the following tables.

1&MO0
Table 9-44 1&MO0 Description

Attribute Value (T?ead only)
Manufacturer ID 0x0160
Order ID SI-PROFINET
Serial number (Pr S.00.005 x 1,000,000,000 + Pr S.00.004)
Hardware revision (Pr $.00.003)
Software revision (Pr $.00.002)
Revision counter (Pr S.24.006)
Profile ID (as read)
Profile specific type (as read)
1&M version (as read)
1&M supported (as read)

Manufacturer ID: 2-byte unsigned hexadecimal number assigned by the
PROFIBUS business office and specified in the GSDML file.
For Control Techniques this value is 0x0160.

Order ID: 20-byte string to identify the device.
This value is specified in the GSDML file.
For the Ethernet interface this value is 'SI-PROFINET".

Serial number: 16 character string indicating the module serial number.
This value is read from Pr S.00.004 and Pr S.00.005 of the Ethernet
interface.

Hardware revision: 2-byte unsigned hexadecimal number indicating the
hardware revision of the Ethernet interface.
This value is read from Pr $.00.003 of the Ethernet interface.

Software revision: 4-byte value consisting of a single character 'V' and
3 unsigned 8-bit decimal numbers indicating the software revision of the
Ethernet interface.

This value is taken from Pr S.00.002 of the Ethernet interface.

Revision counter: 2-byte unsigned decimal number.

This value will increment by one for each of the following conditions:
> Drive parameter save

> Drive parameter default

> Drive mode change

Will wrap back to 1 after a value of 65535.
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Profile ID: 2-byte unsigned hexadecimal number indicating the

application profile.

Devices not following any particular profile use the generic profile value

0xF600.

Profile specific type: 2-byte unsigned hexadecimal number indicating

the application profile specific type. This value is not applicable to

devices using the generic profile and in these instances this value will be

Zero.

1&M version: 2 unsigned 8-bit numbers indicating the version of the

implemented I&M functions.

1&M supported: 2-byte unsigned number indicating the availability of
the implemented 1&M functions as shown in Table 9-45.

Table 9-45 Supported I&M bit descriptions

Bit Value Description
0 Profile specmc 1&M
1 0 1&M1 Not supported
1 1&M1 Supported
9 0 1&M2 Not supported
1 1&M2 Supported
3 0 1&M3 Not supported
1 1&M3 Supported
4 0 1&M4 Not supported
1 1&M4 Supported
51015 Reserved
1&M1
Table 9-46 1&M1 Description

Attribute

Value (I-QeadNVrite)

Drive function (32 bytes)

(User defined)

Drive location (22 bytes)

(User defined)

Drive function: 32-byte string indicating the drive function.
Drive location: 22-byte string indicating the drive location.

1&M2

Table 9-47 1&M2 Description

Attribute

Value (I-QeadNVrite)

Installation date

(User defined)

Installation date: 16-byte string indicating the installation or
commissioning date of the device. The installation date is in the format

DD/MM/YYYY.

1&M3

Table 9-48 1&M3 Description

Attribute

Value (Read/Write)

Descriptor (54 bytes)

(User defined)

Descriptor: 54-byte string used to store additional information on the
location, function or maintenance status of the device.

1&M4

Table 9-49 1&M4 Description

Attribute

Value (TReadNVrite)

Signature (54 bytes)

(User defined)

Signature: 54-byte octet string used to allow parameterization tools to
store a security code as a reference for a particular parameterization
session and audit trail tools to retrieve the code for integrity checks.

All unused bytes of the I&M functions will be set to 0x20 (space).
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H H the difference from defaults transfer method (i.e. 4yyy transfer). The
1 0 NV Medla Card Operatlon Unidrive M is not able to read any other type of Unidrive SP data block
10.1 | . on the card. Although it is possible to transfer difference from default
0. ntroduction data blocks from a Unidrive SP into the Unidrive M, the following should

The Non-Volatile Media Card feature enables simple configuration of
parameters, parameter back-up, storing / reading PLC programs and
drive copying using a SMARTCARD or SD card storing / reading PLC
programs. The drive offers backward compatibility for a Unidrive SP
SMARTCARD and supports NV Media Cards formatted with either
FAT16 or FAT32 file system.

The NV Media Card can be used for:

« Parameter copying between drives
* Saving drive parameter sets
» Saving an onboard user program

The NV Media Card is located at the top of the module under the drive
display (if installed) on the left-hand side.

Ensure the NV Media Card is inserted with the contacts facing the left-
hand side of the drive.

The drive only communicates with the NV Media Card when
commanded to read or write, meaning the card may be "hot swapped".

Beware of possible live terminals when installing the NV

Media Card.
Figure 10-1 Installation of the NV Media Card

1. Installing the NV Media Card
2. NV Media Card installed

NV Media Card Part number

SD Card Adaptor (memory card not included) 82400000016400

8 kB SMARTCARD 2214-4246-03

2214-1006-03

64 kB SMARTCARD

10.2 NV Media Card support

The NV Media Card can be used to store drive parameter sets and / or
PLC programs set from the Unidrive M in data blocks 001 to 499 on the
card.

The Unidrive M is compatible with a Unidrive SP SMARTCARD and is
able to read and translate the Unidrive SP parameter set into a
compatible parameter set for Unidrive M. This is only possible if the
Unidrive SP parameter set was transferred to the SMARTCARD using

be noted:

1. If a parameter from the source drive does not exist in the target drive
then no data is transferred for that parameter.

2. If the data for the parameter in the target drive is out of range then
the data is limited to the range of the target parameter.

3. If the target drive has a different rating to the source drive then the
normal rules for this type of transfer apply.

Figure 10-2 Basic NV Media Card operation

Drive reads all
parameters from
the NV Media Card

Pr 00.030 = Read +@®»

Programs all drive
parameters to the
NV Media Card

Overwrites any
data already in
data block 1

Pr 00.030 = Program + @&

Drive automatically
writes to the

NV Media Card
whena parameter
save is performed

L TCARD
-]

Drive boots from the
NV Media Card on
power up and
automatically writes
to the NV Media Card
whena parameter
save is performed

.
=
i
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The whole card may be protected from writing or erasing by setting the read-only flag as detailed section 10.3.9 9888/ 9777 - Setting and clearing the

NV Media Card read only flag on page 141.

The card should not be removed during data transfer, as the drive will produce a trip. If this occurs then either the transfer should be reattempted or in

the case of a card to drive transfer, default parameters should be loaded.

10.3  Transferring data

Data transfer, erasing and protecting the information is performed by entering a code in Pr mm.000 and then resetting the drive as shown in Table 10-

1.
Table 10-1 SMARTCARD and SD card codes

Code Operation SMARTCARD SD card
2001 Transfer the drive parameters to parameter file 001 and sets the block as bootable. This will include the v v
parameters from attached option modules.
Transfer the drive parameters to parameter file yyy. This will include the parameters from attached option
4yyy v v
modules.
5yyy Transfer the onboard user program to onboard user program file yyy. v v
6 Load the drive parameters from parameter file yyy or the onboard user program from onboard user v v
yyy program file yyy.
7yyy Erase file yyy. v v
Compare the data in the drive with file yyy. If the files are the same then Pr mm.000 (mm.000) is simply
8yyy reset to 0 when the compare is complete. If the files are different a ‘Card Compare’ trip is initiated. All 4 v
other NV media card trips also apply.
9555 Clear the warning suppression flag v v
9666 Set the warning suppression flag v v
9777 Clear the read-only flag v v
9888 Set the read-only flag v v
9999 Erase and format the NV media card v

Where yyy indicates the block number 001 to 999.

NOTE

If the read only flag is set then only codes 6yyy or 9777 are effective.

10.3.1  Writing to the NV Media Card

4yyy - Writes defaults differences to the NV Media Card
The data block only contains the parameter differences from the last
time default settings were loaded.

All parameters except those with the NC (Not copied) coding bit set are
transferred to the NV Media Card. In addition to these parameters all
menu 20 parameters (except Pr 20.000), can be transferred to the

NV Media Card.

Writing a parameter set to the NV Media Card (Pr 00.030 =
Program (2))

Setting Pr 00.030 to Program (2) and resetting the drive will save the
parameters to the NV Media Card, i.e. this is equivalent to writing 4001
to Pr mm.000. All NV Media Card trips apply except 'Card Change'. If
the data block already exists it is automatically overwritten. When the
action is complete this parameter is automatically reset to None (0).

10.3.2 Reading from the NV Media Card

6yyy - Reading from NV Media Card

When the data is transferred back to the drive, using 6yyy in Pr mm.000,
it is transferred to the drive RAM and the EEPROM. A parameter save is
not required to retain the data after-power down. Set up data for any
option modules installed stored on the card are transferred to the drive. If
the option modules installed are different between source and
destination drives, the menus for the option module slots where the
option module categories are different are not updated from the card and
will contain their default values after the copying action. The drive will
produce a 'Card Option' trip if the option module installed to the source
and the destination drives are different or are in different slots. If the data
is being transferred to the drive with different voltage or current rating a
'Card Rating' trip will occur.

The following drive rating dependant parameters (RA coding bit set) will
not be transferred to the destination drive by a NV Media Card when the

voltage rating of the destination drive is different from the source drive
and the file is a parameter file.

However, drive rating dependent parameters will be transferred if only
the current rating is different. If drive rating dependant parameters are
not transferred to the destination drive they will contain their default
values.

Pr 02.008 Standard Ramp Voltage

Pr 04.005 to Pr 04.007 and Pr 21.027 to Pr 21.029 Motoring Current
Limits

Pr 04.024, User Current Maximum Scaling

Pr 05.007, Pr 21.007 Rated Current

Pr 05.009, Pr 21.009 Rated Voltage

Pr 05.010, Pr 21.010 Rated Power Factor

Pr 05.017, Pr 21.012 Stator Resistance

Pr 05.018 Maximum Switching Frequency

Pr 05.024, Pr 21.014 Transient Inductance

Pr 05.025, Pr 21.024 Stator Inductance

Pr 06.006 /njection Braking Level

Pr 06.048 Supply Loss Detection Level

Pr 06.065 Standard Under Voltage Threshold

Pr 06.066 Low Under Voltage Threshold

Pr 06.073 Braking IGBT Lower Threshold

Pr 06.074 Braking IGBT Upper Threshold

Pr 06.075 Low Voltage Braking IGBT Threshold

Reading a parameter set from the NV Media Card

(Pr 00.030 = Read (1))

Setting Pr 00.030 to Read (1) and resetting the drive will transfer the

parameters from the card into the drive parameter set and the drive
EEPROM, i.e. this is equivalent to writing 6001 to Pr mm.000.

All NV Media Card trips apply. Once the parameters are successfully
copied this parameter is automatically reset to None (0). Parameters are
saved to the drive EEPROM after this action is complete.
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10.3.3 Auto saving parameter changes (Pr 00.030 =
Auto (3))
This setting causes the drive to automatically save any changes made to
menu 0 parameters on the drive to the NV Media Card. The latest
menu 0 parameter set in the drive is therefore always backed up on the
NV Media Card. Changing Pr 00.030 to Auto (3) and resetting the drive
will immediately save the complete parameter set from the drive to the
card, i.e. all parameters except parameters with the NC coding bit set.
Once the whole parameter set is stored only the individual modified
menu 0 parameter setting is updated.

Advanced parameter changes are only saved to the NV Media Card
when Pr mm.000 is set to 'Save Parameters' or a 1001 and the drive
reset.

All NV Media Card trips apply, except 'Card Change'. If the data block
already contains information it is automatically overwritten.

If the card is removed when Pr 00.030 is set to 3 Pr 00.030 is then
automatically set to None (0).

When a new NV Media Card is installed Pr 00.030 must be set back to
Auto (3) by the user and the drive reset so the complete parameter set is
rewritten to the new NV Media Card if auto mode is still required.

When Pr 00.030 is set to Auto (3) and the parameters in the drive are
saved, the NV Media Card is also updated, and therefore the NV Media
Card becomes a copy of the drives stored configuration.

At power up, if Pr 00.030 is set to Auto (3), the drive will save the
complete parameter set to the NV Media Card. The drive will display
'Card Write' during this operation. This is done to ensure that if a user
puts a new NV Media Card in during power down the new NV Media
Card will have the correct data.

When Pr 00.030 is set to Auto (3) the setting of Pr 00.030 itself is saved
to the drive EEPROM but not the NV Media Card.

10.3.4 Booting up from the NV Media Card on every
power up (Pr 00.030 = Boot (4))

When Pr 00.030 is set to Boot (4) the drive operates the same as Auto

mode except when the drive is powered-up. The parameters on the NV

Media Card will be automatically transferred to the drive at power up if

the following are true:

* Acardis inserted in the drive

* Parameter data block 1 exists on the card

* Thedatain block 1 is type 1 to 4 (as defined in Pr 11.038)
» Pr00.030 on the card set to Boot (4)

The drive will display 'Booting Parameters during this operation. If the
drive mode is different from that on the card, the drive gives a 'Card
Drive Mode' trip and the data is not transferred.

If 'Boot' mode is stored on the copying NV Media Card this makes the
copying NV Media Card the master device. This provides a very fast and
efficient way of re-programming a number of drives.

NOTE

'Boot' mode is saved to the card, but when the card is read, the value of
Pr 00.030 is not transferred to the drive.

10.3.5 Booting up from the NV Media Card on every
power up (Pr mm.000 = 2001)

It is possible to create a bootable parameter data block by setting

Pr mm.000 to 2001 and initiating a drive reset. This data block is created

in one operation and is not updated when further parameter changes are

made.

Setting Pr mm.000 to 2001 will overwrite the data block 1 on the card if it
already exists.

10.3.6 8yyy - Comparing the drive full parameter set
with the NV Media Card values

Setting 8yyy in Pr mm.000, will compare the NV Media Card file with the

data in the drive. If the compare is successful Pr mm.000 is simply set to

0. If the compare fails a 'Card Compare' trip is initiated.

10.3.7 7yyy /9999 - Erasing data from the NV Media
Card values

Data can be erased from the NV Media Card either one block at a time

or all blocks in one go.

»  Setting 7yyy in Pr mm.000 will erase NV Media Card data block yyy
+  Setting 9999 in Pr mm.000 will erase all data blocks on a
SMARTCARD, but not on a SD Card.

10.3.8 9666 / 9555 - Setting and clearing the

NV Media Card warning suppression flag
If the option modules installed to the source and destination drive are
different or are in different slots the drive will produce a 'Card Option' trip.
If the data is being transferred to a drive of a different voltage or current
rating a 'Card Rating' trip will occur. It is possible to suppress these trips
by setting the warning suppression flag. If this flag is set the drive will not
trip if the option module(s) or drive ratings are different between the
source and destination drives. The options module or rating dependent
parameters will not be transferred.

+  Setting 9666 in Pr mm.000 will set the warning suppression flag
+  Setting 9555 in Pr mm.000 will clear the warning suppression flag

10.3.9 9888 /9777 - Setting and clearing the

NV Media Card read only flag
The NV Media Card may be protected from writing or erasing by setting
the read only flag. If an attempt is made to write or erase a data block
when the read only flag is set, a 'Card Read Only' trip is initiated. When
the read only flag is set only codes 6yyy or 9777 are effective.

+  Setting 9888 in Pr mm.000 will set the read only flag
* Setting 9777 in Pr mm.000 will clear the read only flag

10.4 Data block header information

Each data block stored on a NV Media Card has header information
detailing the following:

* NV Media Card File Number (11.037)

* NV Media Card File Type (11.038)

* NV Media Card File Version (11.039)

* NV Media Card File Checksum (11.040)

The header information for each data block which has been used can be
viewed in Pr 11.038 to Pr 11.040 by increasing or decreasing the data
block number set in Pr 11.037. If there is no data on the card Pr 11.037
can only have a value of 0.

10.5 NV Media Card parameters
Table 10-2 Key to parameter table coding
RW | Read / Write ND | No default value
RO | Read only NC | Not copied
Num | Number parameter PT | Protected parameter
Bit | Bit parameter RA | Rating dependant
Txt | Text string US |User save
Bin | Binary parameter PS |Power-down save
Fl Filtered DE | Destination
(AR R( AV NV Media Card File Previously Loaded
RO Num | | | NC | PT | |
oL
RFC-A|{} 0 to 999 = 0
RFC-S

This parameter shows the number of the data block last transferred from
a NV Media Card to the drive. If defaults are subsequently reloaded this
parameter is set to 0.
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Auto (3) = Auto save
NV Media Card File Number Boot (4) = Boot mode
RW__| Num L I
oL NV Media Card Create Special File
RW Num NC

RFC-A| § 010 999 = 0 [ [Nl [ ]
oL

RFC-S
RFC-A|{ 0to 1 = 0

This parameter should have the data block number which the user would RFC-S

like the information displayed in Pr 11.038, Pr 11.039 and Pr 11.040.

NV Media Card File Type

RO Txt | | ND | NC | PT | |
oL None (0), Open-loop (1),

- RFC-A (2), RFC-S (3),
RFC-A| ¢ Regen (4), User Prog (5), =
RFC-S Option App (6)

Displays the type/mode of the data block selected with Pr 11.037.

If NV Media Card Create Special File (11.072) = 1 when a parameter file
is transferred to an NV media card the file is created as a macro file. NV
Media Card Create Special File (11.072) is reset to 0 after the file is
created or the transfer fails.

Pr 11.038 String Type / mode
0 None No file selected
1 Open-loop Open-loop mode parameter file
2 RFC-A RFC-A mode parameter file
3 RFC-S RFC-S mode parameter file
4 Regen Regen mode parameter file
5 User Prog Onboard user program file
6 Option App Option module application file
NV Media Card File Version
RO Num | | ND | NC | PT | |
oL
RFC-A | {¢ 0 to 9999 =
RFC-S

Displays the version number of the file selected in Pr 11.037.

NV Media Card Type
RO Txt | | ND | NC | PT | |
oL
None (0),
RFC-A | {¢ SMART Card (1), =
D 2
RFC-S SD Card (2)

This will display the type of media card inserted; it will contain one of the
following values:

"None" (0) - No NV Media Card has been inserted.
"SMART Card" (1) - A SMARTCARD has been inserted.
"SD Card" (2) - A FAT formatted SD card has been inserted.

NV Media Card Read-only Flag

RO Bit | | ND [NC ] PT [ |
oL
RFC-A | { Off (0) or On (1) =
RFC-S

NV Media Card Read-only Flag (11.075) shows the state of the read-
only flag for the currently installed card.

NV Media Card Warning Suppression Flag

NV Media Card File Checksum RO Bit | | ND | NC | PT | |
RO Num | | ND | NC | PT | | oL
oL RFC-A|{} Off (0) or On (1) =
RFCA| -2147483648 to o
2147483647 RFC-S
RFC-S

Displays the checksum of the data block selected in Pr 11.037.

(AN EYR(ILKIE{ 1}l Parameter Cloning
RW Txt | | | NC | | us* |

NV Media Card Warning Suppression Flag (11.076) shows the state of
the warning flag for the currently installed card.

NV Media Card File Required Version

RW Num | | ND | NC | PT | |
oL oL
None (0), Read (1),
RFC-A|{{| Program (2), Auto (3), |= None (0) RFC-A | {} 0 to 9999 =
RFC-S Boot (4) RFC-S

* Only a value of 3 or 4 in this parameter is saved.

NOTE

If Pr 11.042 is equal to 1 or 2, this value is not transferred to the drive or
saved to the EEPROM. If Pr 11.042 is set to 3 or 4 the value is saved to
the EEPROM

None (0) = Inactive
Read (1) = Read parameter set from the NV Media Card
Program (2) = Program a parameter set to the NV Media Card

The value of NV Media Card File Required Version (11.077) is used as
the version number for a file when it is created on an NV Media Card. NV
Media Card File Required Version (11.077) is reset to 0 when the file is
created or the transfer fails.

10.6 NV Media Card trips
After an attempt to read, write or erase data from a NV Media Card a trip
is initiated if there has been a problem with the command.

See Chapter 13 Diagnostics on page 245 for more information on NV
Media Card trips.
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11  Onboard PLC 11.3  Features
. The Unidrive M Onboard PLC user program has the following features:
11.1  Onboard PLC and Machine Control

Studio

The drive has the ability to store and execute a 16 kB Onboard PLC user
program without the need for additional hardware in the form of an
option module.

Machine Control Studio is an IEC61131-3 development environment
designed for use with Unidrive M and compatible application modules.
Machine Control Studio is based on CODESYS from 3S-Smart Software
Solutions.

All of the programming languages defined in the IEC standard IEC
61131-3 are supported in the Machine Control Studio development
environment.

» ST (Structured text)

* LD (Ladder diagram)

* FBD (Function block diagram)

* IL (Instruction list)

* SFC (Sequential function chart)

+ CFC (Continuous Function Chart). CFC is an extension to the
standard IEC programming languages

Machine Control Studio provides a complete environment for the
development of user programs. Programs can be created, compiled and
downloaded to a Unidrive M for execution, via the communications port
on the front of the drive. The run-time operation of the compiled program
on the target can also be monitored using Machine Control Studio and
facilities are provided to interact with the program on the target by setting
new values for target variables and parameters.

The Onboard PLC and Machine Control Studio form the first level of
functionality in a range of programmable options for Unidrive M.

Machine Control Studio can be downloaded from
www.controltechniques.com.

See the Machine Control Studio help file for more information regarding
using Machine Control Studio, creating user programs and downloading
user programs to the drive.

11.2 Benefits

The combination of the Onboard PLC and Machine Control Studio,
means that the drive can replace nano and some micro PLCs in many
applications

Machine Control Studio benefits from access to the standard CODESYS
function and function block libraries as well as those from third parties.
Functions and function blocks available as standard in Machine Control
Studio include, but not limited to, the following:

*  Arithmetic blocks

»  Comparison blocks
* Timers

+ Counters

*  Multiplexers

» Latches

+  Bit manipulation

Typical applications for the Onboard PLC include:

* Ancillary pumps

* Fans and control valves
* Interlocking logic

* Sequences routines

*  Custom control words.

11.3.1 Tasks

The Onboard PLC allows use of two tasks.

»  Clock: A high priority real time task. The clock task interval can be
set from 4 ms to 262 s in multiples of 4 ms. The parameter Onboard
User Program: Clock Task Time Used (11.051) shows the
percentage of the available time used by clock task. A read or write
of a drive parameter by the user program takes a finite period of
time. It is possible to select up to 10 parameters as fast access
parameter which reduced the amount of time it takes for the user
program to read from or write to a drive parameter. This is useful
when using a clock task with a fast update rate as selecting a
parameter for fast access reduces the amount of the clock task
resource required to access parameters.

+ Freewheeling: A non-real time background task. The freewheeling
task is scheduled for a short period once every 64 ms. The time for
which the task is scheduled will vary depending on the loading of the
drive's processor. When scheduled, several scans of the user
program may be performed. Some scans may execute in
microseconds. However, when the main drive functions are
scheduled there will be a pause in the execution of the program
causing some scans to take many milliseconds. The parameter
Onboard User Program: Freewheeling Tasks Per Second (11.050)
shows the number of times the freewheeling task has started per
second.

11.3.2 Variables

The Onboard PLC supports the use of variables with the data types of
Boolean, integer (8 bit, 16 bit and 32 bit, signed and unsigned), floating
point (64 bit only), strings and time.

11.3.3 Custom menu

Machine Control Studio can construct a custom drive menu to reside in
menu 30 on the drive. The following properties of each parameter can be
defined using Machine Control Studio:

* Parameter name

*  Number of decimal places

* The units for the parameter to be display on the keypad.

*  The minimum, maximum and default values

* Memory handling (i.e. power down save, user save or volatile)

+ Data type. The drive provides a limited set of 1 bit, 8 bit, 16 bit and
32 bit integer parameters to create the customer menu.

Parameters in this customer menu can be accessed by the user
program and will appear on the keypad.

11.3.4 Limitations

The Onboard PLC user program has the following limitations:

* The flash memory allocated to the Onboard PLC is 16 kB which
includes the user program and its header which results in a
maximum user program size of about 12 kB

¢ The Onboard PLC is provided with 2 kB of RAM.

*  The drive is rated for 100 program downloads. This limitation is
imposed by the flash memory used to store the program within the
drive.

* There is only one real-time task with a minimum period of 4 ms.

* The freewheeling background task runs at a low priority. The drive is
prioritized to perform the clock task and its major functions first, e.g.
motor control, and will use any remaining processing time to execute
the freewheeling task as a background activity. As the drive's
processor becomes more heavily loaded, less time is spent
executing the freewheeling task.

« Breakpoints, single stepping and online program changes are not
possible.

*  The Graphing tool is not supported.

* The variable data types REAL (32 bit floating point), LWORD (64 bit
integer) and WSTRING (Unicode string), and retained variables are
not supported.
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1.4 Onboard PLC parameters 1.5 Onboard PLC trips
The following parameters are associated with the Onboard PLC user If the drive detects an error in the user program it will initiate a User
program. Program trip. The sub-trip number for the User Program trip details the
reason for the error. See Chapter 13 Diagnostics on page 245 for more
Onboard User Program: Enable information on the User Program trip.
RW Txt | us |
¢ Stop (0) or Run (1) = Run (1)

This parameter stops and starts the user program.
0 - Stop the User Program

The onboard user program is stopped. If it is restarted by setting
Onboard User Program: Enable (11.047) to a non-zero value the
background task starts from the beginning.

1 - Run the User Program
The user program will execute.

11.048 Onboard User Program: Status
RO Txt | NC PT |
-2147483648 to
¢ 2147483647 =

This parameter is read-only and indicates the status of the user program
in the drive. The user program writes the value to this parameter.

0: Stopped

1: Running

2: Exception

3: No user program present

Onboard User Program: Programming Events
RO Uni | NC PT PS |

¢ 0 to 65535 =

This parameter holds the number of times an Onboard PLC user
program download has taken place and is 0 on dispatch from the factory.
The drive is rated for one hundred program downloads. This parameter
is not altered when defaults are loaded.

Onboard User Program: Freewheeling Tasks Per
Second

RO i [ NC PT |
(3 0 to 65535 =

This parameter shows the number of times the freewheeling task has
started per second.

Onboard User Program: Clock Task Time Used
| NC PT |

8 0.0 to 100.0 % =

This parameter shows the percentage of the available time used by the
user program clock task.

Onboard User Program: Clock Task Scheduled
Interval
RO | NC PT |
¢ 0to 262128 ms =
This parameter shows the interval at which the clock task is scheduled to
run at in ms.
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12 Advanced parameters

This is a quick reference to all parameters in the drive showing units,
ranges limits etc, with block diagrams to illustrate their function. Full
descriptions of the parameters can be found in the Parameter Reference
Guide.

These advanced parameters are listed for reference
purposes only. The lists in this chapter do not include
sufficient information for adjusting these parameters.
Incorrect adjustment can affect the safety of the system,
and damage the drive and or external equipment. Before
attempting to adjust any of these parameters, refer to
the Parameter Reference Guide.

Table 12-1 Menu descriptions
Menu Description
0 Commonly used basic set up parameters for quick / easy

programming

Frequency / Speed reference

Ramps

Frequency slaving, speed feedback and speed control
Torque and current control

Motor control

Sequencer and clock

Analog I/O / Temperature monitoring

Digital I/0

Programmable logic, motorized pot, binary sum, timers and
scope

@ N| O G | W[ N =

©

Operation mode abbreviations:

Open-loop: Sensorless control for induction motors

RFC-A: Asynchronous Rotor Flux Control for induction motors
RFC-S: Synchronous Rotor Flux Control for synchronous motors
including permanent magnet motors.

Default abbreviations:

Standard default value (50 Hz AC supply frequency)

USA default value (60 Hz AC supply frequency)

Parameter numbers shown in brackets {...} are the equivalent Menu 0
parameters. Some Menu 0 parameters appear twice since their function
depends on the operating mode.

The Range - RFC-A / S column applies to both RFC-A and RFC-S. For
some parameters, this column applies to only one of these modes, this is
indicated accordingly in the Default columns.

In some cases, the function or range of a parameter is affected by the
setting of another parameter. The information in the lists relates to the
default condition of any parameters affected in this way.

Table 12-2 Key to parameter table coding

Coding Attribute

RW Read/Write: can be written by the user

RO Read only: can only be read by the user

Bit 1 bit parameter. ‘On’ or "Off on the display

Num Number: can be uni-polar or bi-polar

Txt Text: the parameter uses text strings instead of numbers.

Bin Binary parameter

10 Status and trips

P IP Address parameter

1" Drive set-up and identification, serial communications

12 Threshold detectors and variable selectors

13 Standard motion control

14 User PID controller

15 Option module slot 1 set-up menu

16 Option module slot 2 set-up menu

17 Option module slot 3 set-up menu

18 General option module application menu 1

19 General option module application menu 2

Mac Mac Address parameter
Date Date parameter
Time | Time parameter
Chr Character parameter
Filtered: some parameters which can have rapidly changing
Fl values are filtered when displayed on the drive keypad for
easy viewing.
DE Destination: This parameter selects the destination of an

input or logic function.

20 General option module application menu 3

21 Second motor parameters

22 Menu 0 set-up

23 Not allocated

24 Ethernet module (slot 4) set-up menu*

25 Option module slot 1 application parameters

Rating dependent: this parameter is likely to have different
values and ranges with drives of different voltage and
current ratings. Parameters with this attribute will be
transferred to the destination drive by non-volatile storage
RA media when the rating of the destination drive is different
from the source drive and the file is a parameter file.
However, the values will be transferred if only the current
rating is different and the file is a difference from default

26 Option module slot 2 application parameters type file.

27 | Option module slot 3 application parameters No default: The parameter is not modified when defaults are
- — ND

28 Option module slot 4 application parameters loaded

29 Reserved menu NC Not copied: not transferred to or from non-volatile media

30 Onboard user programming application menu

during copying.

PT Protected: cannot be used as a destination.

31-41 | Advanced motion controller setup parameters

Slot 1 | Slot 1 option menus* uUs User save: parameter saved in drive EEPROM when the

Siot2 | Slot 2 option menus™ user initiates a parameter save.

Siot3 | Slot 3 option menus™ PS Power-down save: parameter automatically saved in drive
- = EEPROM when the under volts (UV) state occurs.

Slot4 | Slot 4 option menus

* Only displayed on Unidrive M700 / M702.
** Only displayed when the option modules are installed.
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Table 12-3 Feature look-up table

Feature Related parameters (T’r)
Acceleration rates 02.010 0520(1)1;0 02.032 | 02.033 | 02.034 | 02.002
Analog speed reference 1 01.036 | 07.010 | 07.001 | 07.007 | 07.008 | 07.009 | 07.025 | 07.026 | 07.030
Analog speed reference 2 01.037 | 07.014 | 01.041 | 07.002 | 07.011 | 07.012 | 07.013 | 07.029 | 07.031
Analog I/O Menu 7
Analog input 1 07.001 | 07.007 | 07.008 | 07.009 | 07.010 | 07.025 | 07.026 | 07.030
Analog input 2 07.002 | 07.011 | 07.012 | 07.013 | 07.014 | 07.029 | 07.031
Analog input 3 07.003 [ 07.015| 07.016 | 07.017 | 07.018 | 07.032
Analog output 1 07.019 [ 07.020
Analog output 2 07.022 | 07.023
Application menu Menu 18 Menu 19 Menu 20
At speed indicator bit 03.006 | 03.007 | 03.009 | 10.006 | 10.005 | 10.007
Auto reset 10.034 | 10.035 | 10.036 | 10.001
Autotune 05.010 [ 05.012 | 05.017 | 05.024 | 05.025 | 05.029 | 05.030 | 05.059 | 05.060 | 05.062
Binary sum 09.029 | 09.030 | 09.031 [ 09.032 | 09.033 | 09.034
Bipolar speed 01.010
Brake control 12.040 to 12.055
Braking 10.011 { 10.010 | 10.030 | 10.031 | 06.001 | 02.004 | 02.002 | 10.012 | 10.039 | 10.040 | 10.061
Catch a spinning motor 06.009 | 05.040
Coast to stop 06.001
Comms 11.023 to 11.027
Copying 11.042 11.036 to 11.040
Cost - per kWh electricity 06.016 | 06.017 | 06.024 | 06.025 | 06.026 | 06.027 | 06.028
Current controller 04.013 [ 04.014
Current feedback 04.001 [ 04.002 | 04.017 | 04.004 | 04.012 | 04.020 | 04.023 | 04.024 | 04.026 | 10.008 | 10.009 | 10.017
Current limits 04.005 | 04.006 | 04.007 | 04.018 | 04.015 | 04.019 | 04.016 | 05.007 | 05.010 | 10.008 | 10.009 | 10.017
DC bus voltage 05.005 | 02.008
DC injection braking 06.006 | 06.007 | 06.001

. 02.021 to 02.035 to

Deceleration rates 02.020 02.029 02.004 02.037 02.002 | 02.008 | 06.001 | 10.030 | 10.031 | 10.039 | 02.009
Defaults 11.043 | 11.046
Digital 1/0 Menu 8
Digital 1/0 read word 08.020
Digital I/0 1 T24 08.001 | 08.011 | 08.021 | 08.031
Digital I/0 2 T25 08.002 | 08.012 | 08.022 | 08.032
Digital I/0 3 T26 08.003 | 08.013 | 08.023 | 08.033
Digital input 4 T27 08.004 | 08.014 | 08.024
Digital input 5 T28 08.005 | 08.015 | 08.025
Digital input 6 T29 08.006 | 08.016 | 08.026
Digital lock 13.010 13.001 to 13.009 13.011 [ 13.012 | 13.016 | 03.022 | 03.023 13.019 to 13.023
Digital output T22 08.008 [ 08.018 | 08.028
Direction 10.013 | 06.030 | 06.031 | 01.003 | 10.014 | 02.001 | 03.002 | 08.003 | 08.004 | 10.040
Drive active 10.002 | 10.040
Drive derivative 11.028
Drive OK 10.001 | 08.027 | 08.007 | 08.017 | 10.036 | 10.040
Dynamic performance 05.026
Dynamic V/F 05.013
Enable 06.015 | 08.009 | 08.040
Encoder reference 03.043 | 03.044 | 03.045 | 03.046
Encoder set-up 03.033 03.034 to 03.042 03.047 [ 03.048
External trip 10.032 | 08.010 | 08.007
Fan speed 06.045
Fast disable 06.029
Field weakening - induction motor | 05.029 |