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Typographic and iconographic conventions

In this guide, to make it easier to understand and read the text the following typographic and
iconographic conventions are used:

* parameters and objects both of the device and the interface are coloured in GREEN;
e alarms are coloured in RED;
» statesare coloured in FUCSIA.

When scrolling through the text some icons can be found on the side of the page: they are expressly
designed to highlight the parts of the text which are of great interest and significance for the user.
Sometimes they are used to warn against dangers or potential sources of danger arising from the use of
the device. You are advised to follow strictly the instructions given in this guide in order to guarantee
the safety of the user and ensure the performance of the device. In this guide the following symbols are

used:

This icon, followed by the word WARNING, is meant to highlight the parts of the
text where information of great significance for the user can be found: user must
pay the greatest attention to them! Instructions must be followed strictly in order
to guarantee the safety of the user and a correct use of the device. Failure to heed
a warning or comply with instructions could lead to personal injury and/or damage
to the unit or other equipment.

This icon, followed by the word NOTE, is meant to highlight the parts of the text
where important notes needful for a correct and reliable use of the device can be
found. User must pay attention to them! Failure to comply with instructions could
cause the equipment to be set wrongly: hence a faulty and improper working of
the device could be the consequence.

This icon is meant to highlight the parts of the text where suggestions useful for
making it easier to set the device and optimize performance and reliability can be
found. Sometimes this symbol is followed by the word EXAMPLE when instructions
for setting parameters are accompanied by examples to clarify the explanation.




Preliminary information

This guide is designed to describe the technical characteristics, installation and use of the EtherCAT
encoders of the XAC77 series with EtherCAT interface:

*  XAC7718/1EC-xx ATEX 18 bit singleturn encoder

* XAC7716/16384EC-xx ATEX 16+14 bit multiturn encoder

For complete technical information please refer to the product datasheet.

EtherCAT is the open standard for Industrial Ethernet. Its technology enables improved performances
and allows to meet efficiency and productivity requirements in any complex industrial system. Real time
communication, deterministic synchronization, high speed up to 100 Mbit/s full duplex over long
distances, flexible network topologies, complete diagnostics, IT integration are among the key benefits.
EtherCAT encoders comply with ETG.1000 specifications and implement the CoE (CANopen over
EtherCAT) and FoE (for firmware update) protocols as well as the EtherCAT State Machine. Thus they
offer full scaling, preset, code sequence, position and velocity readout, diagnostic information etc.

XAC77 ATEX encoders are category 2 “high level of protection” devices with airtight, explosion- and
flameproof enclosure for use in Zones 1, 2, 21 and 22 and in the temperature class T6 (T85°C). For
complete information on ATEX certification please refer to the enclosed documentation.

To make it easier to read the text, this guide is divided into two main sections.

In the first section general information concerning the safety, the mechanical installation and the
electrical connection as well as tips for setting up and running properly and efficiently the unit are
provided.

In the second section, entitled EtherCAT Interface, both general and specific information is given on the
EtherCAT interface. In this section the interface features and the objects implemented in the unit are
fully described.


http://www.lika.it/eng/prodotti.php?id_cat=267&id_fam=270&id_sfam=291

Glossary of EtherCAT terms

EtherCAT, like many other networking systems, has a set of unique terminology. Table below contains a
few of the technical terms used in this guide to describe the EtherCAT interface. They are listed in
alphabetical order.

Acknowledge telegram
(AT)

Telegram, in which each Slave inserts its data.

Actual value Value of a variable at a given instant.

Algorithm Completely determined finite sequence of operations by which
the values of the output data can be calculated from the
values of the input data.

Application Function or data structure for which data is consumed or

produced.
Software functional element specific to the solution of a
problem in industrial-process measurement and control.

Application class

Configuration of a Drive Object with a set of functional
objects and supported by standard telegrams.

Application mode

Type of application that can be requested from a PDS.

Application objects

Multiple object classes that manage and provide a run time
exchange of messages across the network and within the
network device.

Application process

Part of a distributed application on a network, which is located
on one device and unambiguously addressed.

Application relationship

Cooperative association between two or more application-
entity-invocations for the purpose of exchange of information
and coordination of their joint operation. This relationship is
activated either by the exchange of application-protocol-
data-units or as a result of preconfiguration activities.

Attribute

Description of an externally visible characteristic or feature of
an object, property or characteristic of an entity. The attributes
of an object contain information about variable portions of an
object. Typically, they provide status information or govern the
operation of an object. Attributes may also affect the
behaviour of an object. Attributes are divided into class
attributes and instance attributes.

Axis

Logical element inside an automation system (e.g. a motion
control system) that represents some form of movement.

Basic Slave

Slave device that supports only physical addressing of data.

Behaviour

Indication of how an object responds to particular events.

Bit

Unit of information consisting of a 1 or a 0. This is the
smallest data unit that can be transmitted.




CANopen Application layer protocol as defined in EN 50325-4.

Channel Representation of a single physical or logical management
object of a Slave to control conveyance of data.

cip™ Common Industrial Protocol (see IEC 61158 Type 2, IEC 61784-
1 and IEC 61784-2 CPF2).

Class Description of a set of objects that share the same attributes,
operations, methods, relationships, and semantics.

Client Object which uses the services of another (Server) object to

perform a task.
Initiator of a message to which a Server reacts.

Clock synchronization

Representation of a sequence of interactions to synchronize
the clocks of all time receivers by a time Master.

Commands

Set of commands from the application control program to the
PDS to control the behaviour of the PDS or functional
elements of the PDS.

Communication cycle

Accumulation of all telegrams between two Master
synchronization telegrams.

Communication object

Component that manages and provides a run time exchange
of messages across the network.

Connection Logical binding between two application objects within the
same or different devices.

Consume Act of receiving data from a provider.

Consumer Node or sink receiving data from a provider.

Control Purposeful action on or in a process to meet specified

objectives.

Control device

Physical unit that contains - in a module/subassembly or
device - an application program to control the PDS.

Control unit

Control device.

Control word

Two adjacent bytes inside the Master data telegram
containing commands for the addressed drive.

Controller

Controlling device which is associated with one or more drives
(axes) a host for the overall automation.

Conveyance path

Unidirectional flow of APDUs across an application
relationship.

Cycle time Time span between two consecutive cyclically recurring
events.

Cyclic Events which repeat in a regular and repetitive manner.

Cyclic data Part of the telegram which does not change its meaning
during cyclic operation of the interface.
High priority real-time data that is transferred by a CIP Motion
connection on a periodic basis.

Data Generic term used to refer to any information carried over a




fieldbus.

Data consistency

Means for coherent transmission and access of the input-or
output-data object between and within Client and Server.

Data exchange

Demand dependent; non cyclic transmission (service channel).

Data type

Relation between values and encoding for data of that type
according to the definitions of [EC 61131-3.
Set of values together with a set of permitted operations.

Data type object

Entry in the object dictionary indicating a data type.

Default gateway

Device with at least two interfaces in two different IP subnets
acting as router for a subnet.

Device

Field device.

Networked independent physical entity of an industrial
automation system capable of performing specified functions
in a particular context and delimited by its interfaces.

Entity that performs control, actuating and/or sensing
functions and interfaces to other such entities within an
automation system.

Physical entity connected to the fieldbus composed of at least
one communication element (the network element) and which
may have a control element andfor a final element
(transducer, actuator, etc.).

Device profile

Collection of device dependent information and functionality
providing consistency between similar devices of the same
device type.

Representation of a device in terms of its parameters and
behaviour according to a device model that describes the
device's data and behaviour as viewed through a network,
independent from any network technology.

Diagnosis information

All data available at the Server for maintenance purposes.

Distributed clocks

Method to synchronize Slaves and maintain a global time
base.

DL Data-link-layer.

DLPDU Data-link-protocol-data-unit.

Drive Object Functional element of a Drive Unit.

Drive Unit Logical device which comprises all functional elements related
to one central processing unit.

Error Discrepancy between a computed, observed or measured value
or condition and the specified or theoretically correct value or
condition.

Error class General grouping for related error definitions and
corresponding error codes.

Error code Identification of a specific type of error within an error class.

EtherCAt State Machine

EtherCAT Slave is a state machine; communication and
operating characteristics depend on the current state of the




device.

Event

Instance of a change of conditions.

Event data

Medium priority real-time data that is transferred by a CIP
Motion connection only after a specified event occurs.

Feed forward

Command value used to compensate the lag in the control
loop.

Feedback variable

Variable which represents a controlled variable and which is
returned to a comparing element.

Fieldbus memory
management unit

Function that establishes one or several correspondences
between logical addresses and physical memory.

Fieldbus memory
management unit entity

Single element of the fieldbus memory management unit: one
correspondence between a coherent logical address space and
a coherent physical memory location.

Frame Denigrated synonym for DLPDU.
FreeRun Asynchronous communication mode.
Full Slave Slave device that supports both physical and logical

addressing of data.

Functional element

Entity of software or software combined with hardware,
capable of accomplishing a specified function of a device.

HMI Human Machine Interface.

Host Device that covers the automation functionality of an
automation device.

I/0 data Input data and output data that would typically need to be

updated on a regular basis (e.g. periodic change of state), such
as commands, set-points, status and actual values.

Identification number
(IDN)

Designation of operating data under which a data block is
preserved with its attribute, name, unit, minimum and
maximum input values, and the data.

Index Address of an object within an application process.

Input data Data transferred from an external source into a device,
resource or functional element.

Interface Shared boundary between two entities defined by functional
characteristics, signal characteristics, or other characteristics
as appropriate.

Little endian Data representation of multi-octet fields where the least

significant octet is transmitted first.

Logical power drive
system

Model which includes PDS and communication network
accessible through the generic PDS interface.

Mapping

Correspondence between two objects in that way that one
object is part of the other object.

Mapping parameters

Set of wvalues defining the correspondence between

application objects and process data objects.




Master

Device that controls the data transfer on the network and
initiates the media access of the Slaves by sending messages
and that constitutes the interface to the control system.

Node, which assigns the other nodes the right to transmit.

Master data telegram
(MDT)

Telegram, in which the Master inserts its data.

Medium Cable, optical fibre or other means by which communication
signals are transmitted between two or more points.

Message Ordered series of octets intended to convey information.
Normally used to convey information between peers at the
application layer.

Model Mathematical or physical representation of a system or a
process, based with sufficient precision upon known laws,
identification or specified suppositions.

Motion Any aspect of the dynamics of an axis.

Motion Axis Object

Object that defines the attributes, services, and behaviour of a
motion device based axis (or PDS) according to the CIP Motion
specification, including Communications, Device Control, and
Basic Drive FE elements as defined in IEC 61800-7.

Network

Set of nodes connected by some type of communication
medium, including any intervening repeaters, bridges, routers
and lower-layer gateways.

Node

Single DL-entity as it appears on one local link.
End-point of a link in a network or a point at which two or
more links meet [derived from |EC 61158-2].

Object

Abstract representation of a particular component within a
device.
An object can be:

1. an abstract representation of the capabilities of a
device. Objects can be composed of any or all of the
following components:

o data (information which changes with time);

o configuration (parameters for behaviour);

o methods (things that can be done using data and
configuration);

2. a collection of related data (in the form of variables)
and methods (procedures) for operating on that data
that have clearly defined interface and behaviour.

Object dictionary

Data structure addressed by Index and Sub-index that
contains description of data type objects, communication
objects and application objects.

List of objects with unique 16-bit index and 8-bit sub-index as
defined in EN 50325-4.

Operating cycle

Period of the control loop within the drive or the control unit.

Operating mode

Characterization of the way and the extent to which the
human operator intervenes in the control equipment.




Output data

Data originating in a device, resource or functional element
and transferred from them to external systems.

P-Device Field device and the host for the Drive Objects.

Parameter Data element that represents device information that can be
read from or written to a device, for example through the
network or a local HMI.

PDO Process Data Object.

PDS Power Drive System.

Process data

Collection of application objects designated to be transferred
cyclically or acyclically for the purpose of measurement and
control.

Process Data Object
(PDO)

Communication object with real-time capability.
Structure described by mapping parameters containing one or
several process data entities.

Producer Node or source sending data to one or many consumers.

Profile Representation of a PDS interface in terms of its parameters,
parameter assemblies and behaviour according to a
communication profile and a device profile.

Protocol Convention about the data formats, time sequences, and error

correction in the data exchange of communication systems.

Reference variable

Input variable to a comparing element in a controlling system
which sets the desired value of the controlled variable and is
deducted from the command variable.

Resource Processing or information capability.

Segment Collection of one real Master with one or more Slaves.

Server Object which provides services to another (Client) object.
Service Operation or function than an object and/or object class

performs upon request from another object and/or object
class.

Service data

Lower priority real-time data associated with a service
message from the controller that is transferred by a CIP
Motion connection on a periodic basis.

Set-point Value or variable used as output data of the application
control program to control the PDS.
Slave DL-entity accessing the medium only after being initiated by

the preceding Slave or the Master.
Node, which is assigned the right to transmit by the Master.

Standard telegram

Set of input data and output data for an application mode.

Status

Set of information from the PDS to the application control
program reflecting the state or mode of the PDS or a
functional element of the PDS.

Status word

Two adjacent bytes inside the drive telegram containing status
information.




Subindex Sub-address of an object within the object dictionary.

Supervisor Engineering device which manages provisions of configuration
data (parameter sets) and collections of diagnosis data from
P-Devices and/or controllers.

Switch MAC bridge as defined in IEEE 802.1D.

Sync Manager

Sync Manager has the task of synchronizing data transfer
between Master and Slave and prevents the same memory
area from being written by different events.

Collection of control elements to coordinate access to
concurrently used objects.

Sync manager channel

Single control elements to coordinate access to concurrently
used objects.

Synchronised

Condition where the local clock value on the drive is locked
onto the Master clock of the distributed System Time.

Synchronous with DC
SYNCO

In this operating mode data is sampled and then copied into
Sync  Manager buffer simultaneously at SYNCO event
generated by the ESC capture/compare unit.

Synchronous with SM3

In this mode data is sampled and then copied into Sync
Manager buffer as soon as previous data was read from the
Master (SM event); in this way new sampled data is
synchronous with Master readings.

System Time

Absolute time value as defined in the CIP Sync specification in
the context of a distributed time system where all devices
have a local clock that is synchronised with a common Master
clock.

Telegram

Message.

Time stamp

System Time stamp value associated with the CIP Motion
connection data that conveys the absolute time when the
associated data was captured, or that can also be used to
determine when the associated data shall be applied.

Topology

Physical network architecture with respect to the connection
between the stations of the communication system.

Type

Hardware or software element which specifies the common
attributes shared by all instances of the type.

Use case

Class specification of a sequence of actions, including variants,
that a system (or other entity) can perform, interacting with
actors of the system.

Variable

Software entity that may take different values, one at a time.
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1 - Safety summary

1.1 Safety

*  Always comply with the information in this manual concerning the ATEX products;

e always adhere to the professional safety and accident prevention regulations
applicable to your country during device installation and operation;

* installation and maintenance operations have to be carried out by qualified personnel
only, with power supply disconnected and stationary mechanical parts;

e device must be used only for the purpose appropriate to its design: use for purposes
other than those for which it has been designed could result in serious personal and/or
the environment damage;

*  high current, voltage and moving mechanical parts can cause serious or fatal injury;

» failure to comply with these precautions or with specific warnings elsewhere in this
manual violates safety standards of design, manufacture, and intended use of the
equipment;

* Lika Electronic assumes no liability for the customer's failure to comply with these
requirements.

1.2 Electrical safety

e Turn OFF the power supply before connecting the device;

* connect according to explanation in the "6 - Electrical connections” section on page
31;

* in classified areas the electrical connection of the device must be carried out in
compliance with the methods indicated in the directive EN 60079-0 and according to
EN 60079-14;

e in compliance with the 2014/30/EU norm on electromagnetic
compatibility, following precautions must be taken: A

o before handling and installing, discharge electrical charge from m
your body and tools which may come in touch with the device;

o power supply must be stabilized without noise, install EMC filters on device
power supply if needed;

o always use shielded cables (twisted pair cables whenever possible);

© avoid cables runs longer than necessary;

o avoid running the signal cable near high voltage power cables;

© mount the device as far as possible from any capacitive or inductive noise
source, shield the device from noise source if needed;

© to guarantee a correct working of the device, avoid using strong magnets on or
near by the unit;

O minimize noise by connecting the shield and/or the frame to ground. Provide
the ground connection as close as possible to the encoder. We suggest using the
connection point provided in the encoder's enclosure (see the Figure 2) to
connect the unit to ground. Fix the ground cable to the connection point by
means of a ring crimp terminal and a M4 bolt. The connection point to ground
might be provided also on the installation side by connecting the cable shield to
the earth point. It is user's duty to find the best solution to minimize the
interference. Please make sure that ground is not affected by noise.

1.3 Mechanical safety

* Install the device following strictly the information in the "5 - Mechanical installation”
section on page 28;

*  mechanical installation has to be carried out with stationary mechanical parts;

¢ do not disassemble the encoder;

¢ do not tool the encoder or its shaft;

* delicate electronic equipment: handle with care; do not subject the device and the
shaft to knocks or shocks;

» respect the environmental characteristics declared by manufacturer;

MAN XAC77 EC E 1.0.0dt 1 - Safety summary 16 0f 92
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unit with hollow shaft: the encoder can be mounted directly on a shaft whose
diameter has to respect the technical characteristics specified in the purchase order.

1.4 Operational safety
The described product is category 2 certified and is designed for use in potentially
explosive zones 1 and 2 (according to EN60079-15) and 21-22 (according to EN60079-
31). It is suitable for a safe use and a high level of protection in areas in which
explosive atmospheres caused by mixture of gases and vapours (zones 1 and 2) or of
air and dust (zones 21 and 22) are likely to occur. It complies with the constructional
safety requirements of the temperature class T6 (+85°C [ +185°F). It is not to be used
in Zone O;
the manufacturer's specifications (temperature, speed, ..) must under no
circumstances be exceeded;
use the product according to the indicated degree of IP protection;
the maximum permissible environmental temperature is -20°C to +40°C | -4°F to
+104°F (at continuous rotational speed of max. 6000 rpm).

MAN XAC77 EC E 1.0.0dt 1 - Safety summary 17 0of 92
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2 - ldentification

The device can be identified through the order code and the serial number
printed on the label applied to its enclosure. Information is listed in the delivery
document too. Please always quote the order code and the serial number when
reaching Lika Electronic for purchasing spare parts or needing assistance. For
any information on the technical characteristics of the product refer to the
technical catalogue.

Warning: encoders having order code ending with "/Sxxx" may
have mechanical and electrical characteristics different from
standard and be supplied with additional documentation for special
connections (Technical info).

MAN XAC77 EC E 1.0.0dt 2 - Identification 18 of 92
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3 - ATEX certificate

CERTIFICATE

§58ho catrtscnico w EC-TYPE EXAMINATION CERTIFICATE
Sperimentale Italiano

Giacinto Motta SpA

Via R. Rubattino 54 [2] Equipment or Protective System intended for use

20134 Milano - Italia # .. .

Telefono +39 022125.1 in potentially explosive atmospheres

S 30 D1 2u5440 Directive 94/9/EC

Capitale sociale 8 550 000 €
interamente versato

Codice fiscale e numero
iscrizione CCIAA 00793580150

Registro Imprese di Milano
Sezione Ordinaria

N.REA, 429222 . .
P.1.1T00793580150 [4] Equipment: Incremental Encoder series XC77 and

Absolute Encoder series XAC77

[3] EC-Type Examination Certificate number:

CESI 08 ATEX 013

[5] Manufacturer: Lika Electronic s.n.c.

[6] Address: Via S. Lorenzo 25, 36010 Carré (Vi) - Italy

[7)  This equipment or protective system and any acceptable variation thereto is specified in the
schedule to this certificate and the documents therein referred to.

[8]  CESI, notified body n. 0722 in accordance with Article 9 of the Council Directive 94/9/EC of
23 March 1994, certifies that this equipment or protective system has been found to comply
with the Essential Health and Safety Requirements relating to the design and construction of
equipment and protective systems intended for use in potentially explosive atmospheres given
in Annex II to the Directive.

The examination and test results are recorded in confidential report n. A8008869

[9] Compliance with the Essential Health and Safety Requirements has been assured by
compliance with:

EN 60079-0 :2004 EN 60079-1:2007 EN 61241-0 :2006 EN 61241-1 :2004

[10] If the sign "X" is placed after the certificate number, it indicates that the equipment or
protective system is subject to special conditions for safe use specified in the schedule to this
certificate.

[11] This EC-TYPE EXAMINATION CERTIFICATE relates only to the design, examination and
tests of the specified equipment or protective system in accordance to the Directive 94/9/EC.

Further requirements of the Directive apply to the manufacturing process and supply of this
equipment or protective system. These are not covered by this certificate.

[12] The marking of the equipment or protective system shall include the following:
€ II2GD Exd IICT6, ExtD A21 IP65 T 85°C

This certificate may only be reproduced in its entirety and without any change, schedule included.

di certifi

CESI-ATE X

Date 28.04.2008 - Translation issued the 28.04.2008

; Prepared Verified Approved
Gaetano Baldini Mirko Balaz Fiorenzo Bregani
257 SN N N
Yo /
1l GESI & stato autorizzato / CESI SpA
dal governo italianoad Energy Division
B S i Sarara Wﬂeﬁ:g?paﬂnﬁm'

& sistemi deslinat; a essere
a

utilizzati in atmosfer:

potenzialmente esplosiva Page 1/3 5
con D.M. 1/3/1983, D.M.

19/6/1990, D.M. 20/7/1998, (Z %) /(/(.
D-M. 27/9/2000'e D.M. i

02/02/2006

ATEXE €-02-1
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[13] Schedule
[14] EC-TYPE EXAMINATION CERTIFICATE n. CESI 08 ATEX 013
[15] Description of equipment
The encoder is a rotating transducer that converts an angular position of the shaft into a digital electric signal. This
electro-mechanical equipment is able to detect angular displacements and to estimate rotating speeds and
accelerations by dedicated electronic and/or mechanical interfaces. The translation from mechanical motion to
digital signal is obtained by photo-electric reading from an infrared led joined to a light beam collimator: emitted
light hits a glass disk supplied by dark and transparent marks; escaped light rays are then gathered by a
phototransistor set. The obtained signal are digitalized by a comparator device.
XC77 Incremental Encoder
Position is determined by counting pulses relative to the zero track.
XAC77 Absolute Encoder
Position is evaluated by reading output code, that is unique for every shaft position. Such devices keep then
effective position data in the case of power fail and they not need the zero mark search when restart is carried out,
as incremental encoder has to search.
Bulk and flange of both the encoders are made of anticorodal (EN AW-6082 aluminium alloy), while shaft and
ring nut are made of 1.4305 stainless steel. The flange is screwed to the bulk.
The identification mark of the encoders is detailed in the descriptive documents here enclosed.
Electrical and mechanical characteristics
XC77 Encoder
Supply voltage: 5Vdc, 5Vdc-30 Vdc, 10 Vde-30 Vde
No load maximum current: 70 mA
Maximum output current for every channel 40 mA
Output: NPN, Push-Pull, Line Driver, PP/LD
XAC77 Encoder
Supply voltage: 10Vde - 30 Vde
No load max current: 150 mA
Max output current for every channel 40 mA
Output/Code NPN, Push-Pull, SSI/ Binario, Gray
Max rotation speed: 6000 rpm
Electrical protection: Polarity inversion and short circuit.
Max shaft load: 60 N (axial and radial)
Degree of protection: 1P65 (EN 60529:1997)
Temperature class: T6
Max surface temperature: TR5°C
Ambient temperature: -20°C<Ta<+40°C
Cables entries
The accessories used for cable entries and for unused holes shall be subject of separate certification: in the unit of
category 11 2GD shall be certified according to the Standards: EN 60079-0, EN 60079-1 and EN 61241-1 and shall
guarantee a degree of protection IP65 according to EN 60529 Standard.
This certificate may only be reproduced in its entirety and without any change, schedule included.
Page 2/3
Prot. A8008876 P:3+26

MAN XAC77 EC E 1.0.0dt 3 - ATEX certificate 20 of 92




XAC77

EtherCAT

IKa

CESlI

[13]

Schedule

[14] EC-TYPE EXAMINATION CERTIFICATE n. CESI 08 ATEX 013

[16] Reportn. A8008869

Routine tests

Manufacturer shall carry out the routine tests and checkouts prescribed at paragraph 27 of the EN 60079-0 and at
paragraph 24 of the EN 61241-0 Standards.
equipments have passed the overpressure test carried out by the static method using four times the reference

pressure (28 bar).

Descriptive documents (prot. A8008877)

Encoder Technical File series XC77 - XAC77

2 sheets

Absolute Encoder series XAC77 — ROTACOD Description 2 sheets

LKM 1362 XA77 Bulk — Radial
LKM 1367 XA77 Bulk — Axial

rev.3 1 sheet
rev.3 1 sheet

Incremental Encoder XC77 — ROTAPLUS Description 2 sheets

LKM 1368 XC77 Bulk

rev.3 1 sheet

Sez. 4300 XC77 + XAC77 ( radial and axial cable ) Hollow shaft ®14

LKM 1363 XC77 and XAC77 Empty Axis
LKM 1361 XC77 ¢ XAC77 Flange
LKM 1481 XC77 e XAC77 Ring nut

rev.3 3 sheets
rev.3 1 sheet
rev.3 1 sheet
rev. 1 1 sheet

LKM 1364 XC77 e XAC77 Blocked Axis Ring nut rev.2 1 sheet
Technical data sheet FKM 1 sheet
Technical data sheet FKM 75.16-01 O-ring 2 sheets
LKM 1551 XC77-XAC77 Plate rev.3 I sheet
Technical data sheet metalized polyester label (Brady) 3 sheets
XC77 e XAC77 Safety Instructions 2 sheets
CE Conformity Declaration N.4 1 sheet

One copy of all documents is kept in CESI files.

[17]  Special conditions for safe use
None.

[18] Essential Health and Safety Requirements
Guaranteed by the compliance to the mentioned Standards.

Manufacturer is not charged of overpressure test because the

19/03/2008

26/07/2007
26/07/2007

25/07/2007

26/07/2007
26/07/2007
25/07/2007
14/02/2006
14/02/2006
19/05/2006
25/10/2005
28/04/2008

19/03/2008
19/03/2008

This certificate may only be reproduced in its entirety and without any change, schedule included.

Page 3/3
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.ismES
o EXTENSION n. 01/15
R
i to Type Examination Certificate CESI 08 ATEX 013
FGH
Equipment: Incremental encoder series XC77 and absolute encoder series XAC77
Manufacturer: Lika Electronic Srl
Address: Via San Lorenzo, 25
36010 Carre (VI)
Italy

Admitted variation

» Changing of the company name:
f T T g |
?from: | Lika Electronic Snc b ios } Lika Electronic Srl ;

»  Updating to the following reference standards:
EN 60079-0: 2012+A11:2013,
EN 60079-1: 2007,
EN 60079-31: 2009.
»  Addition of the possibility to mark for gas group IIB.

»  Constructive changes:
Addition of the possibility of using stainless steel enclosures,
Addition of the possibility of having absolute encoders with reduced length enclosures,
Addition of external mounting Kits and other small changes not influencing the type of protection.
»  Updating of the ATEX marking on the plate:
112G ExdIIC T6 Gb
& o
112G ExdI1IB T6 Gb
112D Ex tb INIC T85°C Db
This extension and annexed descriptive documents must be annexed to the Type Examination Certificate CESI 08
ATEX 013.

This document may only be reproduced in its entirety and without any change.

Date 1/04/2015 - translation issued on 1% April 2015

Prepared Verified proved
Ti;/iano COLA Mirko BALAZ o CIN
/‘ ) 7 -
/
4 [ C Sl SpA,

Testing & Certification Division

Page 1/3
CESIS.p.A
Via Rubattino 54 Capitale sociale € 8.550.000 interamente versato
= 120134 Milano - Italy C.F. e numero iscrizione Reg. Imprese di Milano 00793580150
e Tel: +390221251 P.1. IT00793580150
& Fax: +39 02 21255440 N.R.EA. 429222
- e-mail: info@cesi.it
www.cesiit
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EXTENSION n. 01/15

to Type Examination Certificate CESI 08 ATEX 013

Description of equipment

With this extension it is added the possibility of making the enclosure in stainless steel besides aluminium which was
foreseen in the original certificate. The apparatus, without any constructive variation, can be marked 1IB in order to
simplify the selection of the cable gland. It is also added the possibility, as shown in the annexed documents, of making
the enclosures of the absolute encoders a little shorter than in the original certificate.

The possibility, added with this extension, of supplying together with the encoder two mounting kits, does not affect the
adopted type of protection.

The equipment mounting stainless steel enclosures are identified by a code (“S613") which is appended at the end of the
apparatus encoding:

XC77 dddd Incremental encoder having an aluminium enclosure
XC77 dddd 18613 Incremental encoder having a stainless steel enclosure
XACTT dddd Absolute encoder having an aluminium enclosure

XACT7 dddd /8813  Absolute encoder having a stainless steel enclosure

The fields identified by the characters “dddd™ locate the part of the code containing information useful for the type of
application but irrelevant for the protection of the apparatus.
Electrical characteristics

Electrical data are unchanged respect to the original certificate, According to the new reference standards the marking
to be put on the plate has been modified:

ATEX marking: 12GD
Marking for the gas protection: ExdIICT6Gb  or ExdIIB T6 Gb
Marking for the combustible dusts: Ex tb I1IC T85°C Db

Cable entries

Accessories used for the cables entry shall be subject of independent certification according to the standard EN 60079-
0, EN 60079-1 and EN 60079-31 and guarantee a minimum protection level IP65 according to the standard EN 60529.
For the selection of the cable gland follow the prescription of the standard EN 60079-14 and keep into account the
marking of the encoder (gas group IIB or IIC).

Warning labels

None.

Report n. EX-B5006802
Routine tests

The manufacturer is exempted from carrying out the routine overpressure tests on the enclosures as they have overcome
the type tests carried out with the static method at 28 bar, equal to 4 times the reference pressure.

This document may only be reproduced in its entirety and without any change.

page 2/3
Prot. B5006806 P:3+30

MAN XAC77 EC E 1.0.0dt 3 - ATEX certificate 23 of 92



I<a XAC77 _EtherCAT

CESl

EXTENSION n. 01/15

to Type Examination Certificate CESI 08 ATEX 013

Descriptive documents (prot. EX-B5006808)

Technical note encoder series XC77-XAC77 (2 pages) dated
Safety instructions encoder series XC77-XAC77 (2 pages) dated
Drawing n. KIT_LKM1520 rev. A (mounting kit 1: flange) dated
Drawing n. KIT LKM-1758 rev. A (mounting kit 2: shaft) dated
Drawing n. LKM_001363 rev. A dated
Drawing n. LKM_001363_MO rev. A dated
Drawing plate n. LKM_1551 rev. 5 dated
Drawing n. SEZ_4300 rev. A (3 pages) dated
Drawing n. PF_4300 rev. A dated
Drawing n. PF_4301 rev. A dated
Drawing n. PF_4302 rev. A dated

Data sheet ROTACOD absolute encoder XAC77 (3 pages)
Data sheet ROTAPULS incremental encoder XC77 (2 pages)
Data sheets shafi sealing ring (9 pages)

Facsimile EC declaration of conformity

One copy of all the descriptive documents mentioned above is kept in CESI files.
Special conditions for safe use
None.
Essential Health and Safety Requirements
Essential health and safety requirements are covered by compliance to the following standards:
» EN60079-0:2012 + A11: 2013 Explosive atmospheres
Part 0: Equipment - General requirements;
> EN60079-1:2007 Explosive atmospheres
Part 1: Equipment protection by flameproof enclosures "d";

> EN60079-31:2009 Explosive atmospheres
Part 31: Equipment dust ignition protection by enclosure “t”,

This document may only be reproduced in its entirety and without any change.

2015/03/30
2015/03/30
2014/12/15
2014/12/15
2014/12/01
2014/12/02
2015/03/30
2014/03/03
2014/12/10
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2014/12/10
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KA

CESI

_aISTTIES

120

CESIS.p.A

¢

Via Rubattino 54
1-20134 Milano - Italy
Tel: +39 0221251
Fax: +39 02 21255440
e-mail: info@cesi.it
www.cesi.it

RD N. 0188
Membro degll Accord! di Mutuo
Riconoscimento EA, IAF e ILAG
Signatary of EA, IAF and ILAC
Mutual Recognition Agreements

ATEX B6003481-0-EN

[2]

[3]

[41

[51

[6]

18]

91

[10]

NOTIFICATION &9

PRODUCT QUALITY ASSURANCE
NOTIFICATION

Equipment or Protective System or Component intended for use

e N
inp y e es

Directive 2014/34/EU

Notification number:
CESI 16 ATEX 005 Q
Equipment or component type: ~ Shaft encoders
Protection concepts: Flameproof enclosures "d"
Dust ignition protection by enclosure "t"

Applicant: LIKA Electronic s.r.1.

via San Lorenzo n° 25

36010 Carre - VI
Manufacturer: LIKA Electronic s.r.1.

via San Lorenzo n° 25
36010 Carre - VI

CESL, notified body n. 0722 in accordance with Articles 19 and 21 of the Directive
2014/34/EU of the European Parliament and of the Council of the 26 March 2014, notifies to
the applicant that the actual manufacturer has a product quality system which complies to
Annex VII of the Directive.

This notification is based on the audit report n. EX-B9002583 issued the 6/02/2019.
hd: if the manufz

This notification can be wi
Annex VIL

Results of periodical re-assessment of the quality system are a part of this notification.

no longer satisfies the requirement of

This notification is valid until 17/02/2022 and can be withdrawn if the Manufacturer does not
satisfy the product quality assurance re-assessment.

According to Article 16 [3] of the Directive 2014/34/EU the CE marking shall be followed by
the identification n. 0722 identifying the notified body involved in the production control
stage.

This notification may only be reproduced in its entirety and without any change.

Date of first issue Current issue

17th February 2016 17th February 2019
Translation issued on 17th February 2019
Prepared Verified Approved
Sergio G. Giugno Mirko Balaz Roberto Piccin
o~ s~
| 7
| N { N o
UAAAY A/ b
A \ el |y s FS]
N\ ‘ CEIN spa
' N \ Testing & Certification Division
Page 1/1 Businese a Certification
) Re. ﬁonsﬁ:b/'/e
Prot. B9002587 P:d Issue: 1 (R: 1) / (Ro/uert? f"’ccm)
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4 - Safety instructions

® Lika Electronic Srl
l Via S. Lorenzo, 25
36010 Carreé (V1) © Italy

Smart encoders & actuators

SAFETY INSTRUCTIONS encoders series XC77-XAC77

1) Marking:
@ 112 GD, Ex d IIC T6 Gb, Ex tb IlIC T 85°C Db, IP65
or
@ 112 GD, Ex d IIB T6 Gb, Ex tb IlIC T 85°C Db, IP65
Nr. of certificate: CESI 08 ATEX 013

Explosion-proof encoder manufactured in compliance with the following regulations:

EN 60079-0:2012 + A11:2013

EN 60079-1:2014-10

EN 60079-31:2014-07

EN 61000-6-4, EN 61000-6-2

Compliance with directives listed above does not comprise marking which is certified by compliance with the
following directives: EN 60079-0:2012 + A11:2013, EN 60079-1:2007, EN 60079-31:2009.

o |l
e 2GD:

o Ex:
e d:
e [IB-IIC:

e T6:
e Gb:
e tb:
e llIC:

e T85°C:
e Db:
e |P65:

Equipment intended for use in potentially explosive atmospheres other than mines

Category 2 equipment with high level protection for use in areas in which explosive atmospheres
caused by gases, vapours, mists or air/dust mixtures are likely to occur.

Equipment for use in potentially explosive atmospheres

Protection by explosion-proof housing

Electrical apparatus for use in potentially explosive atmospheres caused by gasses of the group IIB
(e.g. C2Ha4) or group IIC (e.g. Ha, CoHa).

Temperature class for gasses T6 = 85°C

Level of protection (EPL). The equipment can be used in Zones 1 and 2.

Electrical apparatus with protective housing for use in the presence of combustible dust.
Equipment or protective housing intended for use in potentially explosive atmospheres with
presence of combustible (including conductive dust).

Maximum surface temperature.

Level of protection (EPL). The equipment can be used in Zones 21 and 22.

Degree of IP protection for dust-proof housing.

Equipment intended for use in the following Zones:
Zone 1, Zone 2: Mixture of gas/air, vapour/air, mist/air
Zone 21, Zone 22: Mixture of dust/air

ATTENTION: Equipment not to be used in Zone 0

Lika Electronic Srl 35 YEARS Headquarters & Plant Tel. +39 0445 806600 P./CF. IT 00817760242
Smart encoders & actuators YOUNG Via S. Lorenzo, 25 Fax +39 0445 806699 VAT # IT 00817760242
1982.2017 36010 Carré (V1) © Italy info@lika.biz ® www.lika.biz REA. 165423 Vicenza
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o Lika Electronic Srl
l Via S. Lorenzo, 25
36010 Carreé (V1) © Italy

Smart encoders & actuators

2) The equipment must be installed only by qualified personnel and according to the applicable regulations.

3) Do not tool or drill the equipment.

4) Do not open the equipment.

5) Do not loosen or unscrew the cable gland.

6) Use the encoder's fixing plate for installation and against rotation.

7) Protect the device against shock and mechanical damages.

8) Use the product according to the indicated degree of IP protection.

9) Maximum permissible environmental temperature -20°C to +40°C [ -4°F to +104°F (at continuous rotational
speed of max. 6000 rpm).

10) In classified areas the electrical connection of the device must be carried out in compliance with the methods
indicated in the directive EN 60079-0 and according to EN 60079-14.

11) Connect the device according to the electrical connections scheme on the user's guide.

12) Provide a ground connection (GND) using the ground screw on the housing.

LIKA ELECTRONIC SRL
Carre, 28.07.2017

Lika Electronic Srl 35 YEARS Headquarters & Plant Tel. +39 0445 806600 P.LICF.IT 00817760242
Smart encoders & actuators YOUNG Via S. Lorenzo, 25 Fax +39 0445 806699 VAT # IT 00817760242
1982.2017 36010 Carre (V1) @ Italy info@lika.biz ® www.lika.biz REA. 165423 Vicenza
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5 - Mechanical installation

WARNING

Installation and maintenance operations must be carried out by qualified
personnel only, with power supply disconnected and mechanical parts
absolutely in stop.

For any information on the mechanical data and the electrical characteristics of
the encoder please refer to the technical catalog.

5.1 Encumbrance sizes

112GD V]

R /
. (E@EdeICT(SGd H
21, - Extd ICT85°C ~ .~
-~ cable gland E[E[ |

112GD
( G Ex d IICT6 Gd
Ex td l1IC T85°C
\ cable gland

DETAIL A

eclion

[ ©
|
I
|
<18
@ ¢

B4, 4
[N 4x30"

Figure 1 - Encumbrance sizes
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5.2 Solid shaft (LKM-1758) and Fixing plate (LKM-1520)

LKM-1758 is an optional feature thus it has to be ordered separately.

j

12,5 -

WARNING

Unit with solid shaft: in order to guarantee maximum reliability over time of the
mechanical parts, we recommend a flexible coupling to be installed to connect
the encoder and the installation shaft; make sure the misalignment tolerances
of the flexible coupling are respected.

5.3 Mounting instructions

WARNING

Installation and maintenance operations have to be carried out by qualified
personnel only, with power supply disconnected and mechanical parts
absolutely in stop.

» Fasten the fixing plate 1 to the encoder using the three M4 screws 2
provided with the device;

e mount the encoder on the motor shaft using the reducing sleeve (if
supplied); avoid forcing the encoder shaft;

 fasten the fixing plate 1 to the rear of the motor using four M4 cylindrical
head screws 3;

* fix the collar 4 to the encoder shaft.
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6 - Electrical connections

WARNING

Power supply must be turned off before performing any electrical connection!
Installation, electrical connection and maintenance operations must be carried
out by qualified personnel only, with power supply disconnected. Mechanical
components must be in stop.

Do not remove the connection cap of the encoder. Damage may be caused to
internal components.

& A\

No user serviceable parts inside the connection cap!

Grounding point

Figure 2 - Electrical connection and grounding point
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6.1 PWR power supply and Ethernet connection

A T8 type cable is used for power supply and Ethernet connection of the
EtherCAT encoder. Connection is according to PoE IEEE 802.3af mode B standard
for max. 30Vdc power supply.

Function 18 cable

Tx Data + White
Tx Data - Red

+10Vdc +30Vdc White
power supply Blue
Rx Data + White
Rx Data - Green
White
0Vdc power supply Yellow
Shield Case

This encoder provides single-port connection capability. For a multipoint
connection, junctions can be used to configure a Star topology network.
The Ethernet interface supports 100 Mbit/s, fast Ethernet, full duplex operation.

6.1.1 Cable specifications

Model : LIKA cable type T8

Cross section :3x2x0.14 mm? + 2 x 0.34 mm? (26/22AWG)
Jacket : Matt Polyurethane (TPU) halogen free, oil resistant
Shield : Tinned copper braid, coverage > 85%

Quter diameter  : 6.8 + 0.35 mm (0.27" + 0.014")

Min. bending radius  : outer diameter x 10 (dyn); outer diameter x 6 (fixed)
Work temperature: dyn -40 +80°C (-40° +176°F) [ fix -50 +80°C (-58° +176°F)
Conductor resistance : <145 Q/Km (0.14 mm?), <58 QQ/Km (0.34 mm?

6.2 Network configuration: topologies, cables, hubs, switches -
Recommendations

Cables and possible connectors comply with the EtherCAT specifications. Cables
are CAT-5 shielded cables.

Line, tree or star: EtherCAT supports almost any topology. The bus or line
structure known from the fieldbuses thus also becomes available for Ethernet,
without the quantity limitations implied by cascaded switches or hubs.

The Fast Ethernet physics (100BASE-TX) enables a cable length of 100 m (328 ft)
between two devices. Since up to 65,535 devices can be connected, the size of
the network is almost unlimited.

MAN XAC77 EC E 1.0.0dt 6 - Electrical connections 32 of 92



°
I l (a XAC77 EtherCAT

The Ethernet protocol according to IEEE 802.3 remains intact right up to the
individual device; no sub-bus is required. In order to meet the requirements of a
modular device like an electronic terminal block, the physical layer in the
coupling device can be converted from twisted pair or optical fiber to LVDS
(alternative Ethernet physical layer, standardized in [4.5]). A modular device can
thus be extended very cost-efficiently. Subsequent conversion from the
backplane physical layer LVDS to the 1T00BASE-TX physical layer is possible at
any time - as usual with Ethernet.

For a complete list of the available cordsets and connection kits please refer to
the product datasheet ("Accessories” list).

6.3 Addressing

It is not necessary to assign a physical address to the device because the
addressing of the Slave is automatic at power-on during the initial scanning of
the hardware configuration.

The field for addressing is 32-bit long, there are three kinds of addressing:

* Auto Increment Addressing = Position Addressing: 16 bits indicate the
physical position of the Slave inside the network while 16 bits are
scheduled for local memory addressing; when the Slave receives the
frame then it increments the position address and the Slave receiving
address 0O is the addressed device;

* Fixed Addressing = 16 bits indicate the physical address of the Slave
inside the network while 16 bits are scheduled for addressing the local
memory;

* logical Address = the Slave is not provided with its own individual
address, but it can read and write data in a section of the total memory
space available (4 Gigabytes).

For complete information refer to the “9.1.5 Addressing” section on page 61.

6.4 Line Termination

EtherCAT network needs no line termination because the line is terminated
automatically; in fact every Slave is able to detect the presence of the
downstream Slaves. For complete information refer to the "9.1.4 Line
Termination” section on page 60.

6.5 Ground connection (Figure 1 and Figure 2)

To minimize noise connect properly the shield and/or the frame to ground.
Connect properly the cable shield to ground on user's side. Make sure that
ground is not affected by noise. It is recommended to provide the ground
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connection as close as possible to the device. We suggest using the ground
point provided in the enclosure (see Figure 1 and Figure 2).
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7 - Getting started

@,_ The following instructions are provided to
i

TA ‘RT ED allow the operator to set up the device for
EL,J ‘ -‘-'\ standard operation in a quick and safe mode.

By

* Mechanically install the device (see on page 28);

» perform the electrical and network connections (see on page 31);

» you do not need to set the node address and the transmission rate (see on
page 61);

* you do not need to set any line termination (see on page 60);

* switch on the +10Vdc +30Vdc power supply;

* if you want to use the physical resolution (see the 6501-00 Hardware
counts per revolution object and the 6502-00 Hardware number of
turns object), please check that the Scaling function parameter is
disabled (the bit 2 in the 6000-00 Operating parameters object = 0; see
on page 78);

* otherwise, if you need a custom resolution, enable the Scaling function
parameter (the bit 2 in the 6000-00 Operating parameters object = 1;
see on page 78) and then set the resolution you need for your application
next to the 6001-00 Units per revolution and 6002-00 Total
Measuring Range objects (see on page 79);

e if you need you can enter the Preset value next to the 6003-00 Preset
object and then set it in the desired position; see on page 82;

* save the new setting values (use the 1010-01 Store parameters object;
see on page 73).
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8 - Quick reference with TwinCAT

Lika encoders are Slave devices and support "CANopen over EtherCAT" (CoE)
mode for data transfer. In particular, they support the "CANopen DS 301
Communication profile".

For any omitted specification on EtherCAT® protocol, please refer to "ETG.1000
EtherCAT Specification” documents available at the address www.ethercat.org.
For any omitted specification on CANopen® protocol, please refer to "CiA Draft
Standard Proposal 301. Application Layer and Communication Profile” and "CiA
Draft Standard 406. Device profile for encoders” documents available at the
address www.can-cia.org.

8.1 System configuration using TwinCAT software system from Beckhoff

8.1.1 Setting the Network Card

Launch TwinCAT System Manager.

In the left pane of the main window extend the devices tree and select the 1/0
Devices item; right-click the 1/O Devices item and then press the Append
Device... command.

~r wuoto_inglese.tsm - TwinCAT System Manager.

File Edit Actions View Options Help

DewH MO ey HE R ® 2 2 Qe € 7
- Bl SYSTEM - Configuration Mumber | Devwice Type

BA FLC - Configuration
= 1/0 - Configuration

&8 Mappings | Append Device, .
@ Impork Device...
Ve 5can Devices. ..

(R paste Chrkey
BB Paste with Links  Alk+Chrity

fready Local (169,254,196.134.1.1) (el
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In the Insert Device window select EtherCAT and then EtherCAT (Direct
Mode) item and confirm pressing the OK button.

Insert Device

E3
Type: /0 Beckhaoff Lightbus Ok
a8 Profibus DP
2 [nterbus-5
€in CANopen
== Devicehet

A SERCOS interface

=== EtherCa

: el FtherCAT [Direc

Ef) Ethermnet

- LISE

22 Beckhoff Hardware Taiget Lbe

& Miscellaneous () PC arly
() 2 ol
() B only
O

Mame: Device 1 |

If a network card has been already installed properly, the following window will
appear and show the list of the installed devices.

Device Found At

[mezsunal
Connessione rete genza fil [B02.11n Wireless LAN Card - Miniport dell'll

Connessione alla rete locale [LAN] [Realek RTLE1E8CF)A3111CF] PC

Cancel

i*) Unused
O Al

Help

Select the network card you want to use and then confirm the choice by
pressing the OK button.

If there are no network cards installed, you must install one before proceeding.
To do this, on the menu bar of the TwinCAT System Manager main window,
select the Options menu and then press the Show Real Time Ethernet
Compatible Devices... command.
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The Installation of TwinCAT RT - Ethernet Adapters window will appear.

Installation of TwinCAT RT-Ethernet Adapters

Ethermet Adapters Update List
-~ H8 Inztalled and ready to uge devices
- H& Incompatible devices Irnatal

=-Ef Compatible devices
-Ef Connessione rete zenza fili - B02.11n Wireless LAN Card
1 nnessione alla rete locale [LAN] - Realtek RTLS

- H8 Dizabled devices

Bind

I#B111C(F] PCI-E Gigs Unbind

[] 5haw Bindings

Now select the Compatible Devices item and choose the network card you
want to install; finally press the Install button to confirm your choice.
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8.1.2 Add new 1/0 modules (Boxes)

If one or more devices are connected to the network and switched ON, right-
click the Device 1 (EtherCAT) item in the left pane of the TwinCAT System
Manager main window and press the Scan Boxes... command.

. wuoto_inglese.tsm - TwinCAT System Manager

File Edit Actions VYiew Options Help

Deeld &k BREAS AN =

ﬂﬂ\/ﬁ@‘

LR @ B

[+ B S¥STEM - Canfiguration

Chrl+3
Copy Chri+C
qd* Change Id...
X Disabled
Change To 4

Change Metld...

(b

BB FLc - Configuration General | Adapter | EtherCAT | Orline | CoE - Online | =
= I/ - Configuration -
g B 1/0 Devices Mame: IDewce‘I [EtherCAT) | Id |1 |
[SR=_ f s -
+ Sovice =, Append Box,.. = therCAT [Direct Mode) |
=f= Device "
1 Inputs ¥ Delete Device
I
8l outpu {F} Cnline Reset L
§ InfoDe
&8 Mappings %}, Cnline Reload (Config Mode only)
Online Delete {Config Mode only)
Dizabled Creat bl
"B Export Device... |Disable rests: syrbols [ ]
-
ﬁ”‘ Import Box... =
B Mame Online Address | Type InSi

Read:

Local (169,254.196,134.1.17 [
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At the end of the process some information will be listed in the right page as in
Figure here below.

. wuoto_inglese.tsm - TwinCAT System Manager

File Edit Actions Yew Options Help

=y = % B MD =/ BB BRNRE B = Qw0 & 2
- B S¥STEM - Configuration = : ~
BA rLC - Corfiquration eneral | Adapler | EtherCAT | Online | CoE - Online
= I/ - Configuration r - = :
oo ore: [0k A L el
B Device 1 (EtherCAT) Tupe: [EthertaT [Direct kade]
-I- Device 1-Image =
=}= Dewice 1-Image-Info Comment:
- T Inputs
[ @) Outputs
- InfoData

=l Box 1 (Lika EtherCAT HMSE
& %T TxPDC Mapping

i e weatate [ Disabled Create symbalzs[] B
#-§ InfoData | -
&8 Mappings Nurmber Box Marme Oriline Address | Type In
.'1 Biox 1 {Lika EtherCAT HMSE) 1001 Lika EtherCAT HMSE 4.0
GITxPOOM...
&l Pasition Value OyeD0000000 {0}
§ wiestate

ST WeState 1
% InfoData
) State 0x0002 (2)
&1 Adsaddr A9 FE C4 86 02..,
< ¥ %

Ready Local (169.254.196.134.1.1) (RO

If the devices are not already connected to the network it is necessary to use the
XML file supplied with the encoder: Lika_Ex58_Hx58_EC_Vx.xml (see at
www.lika.biz > ROTARY ENCODERS > ABSOLUTE ENCODERS > ETHERCAT.
For older versions of the file please contact Lika Electronic's After Sales Service
Dept.

WARNING

Before installing the XML file please check that it is compatible with the
firmware version and the EEProm version of the device; the XML file version, the
firmware version and the EEProm version must always comply. For example: if
the firmware version is H1_S4 (Hardware version: 1; Software version: 4), it is
mandatory that the EEProm version is 54, therefore you must then install the
XML file version V4. For a description of the EEProm upgrade procedure please
refer to the section "8.6 EEProm upgrade” on page 48. For a description of the
firmware upgrade procedure please refer to the section “8.7 Firmware upgrade”
on page 53.

WARNING

It is mandatory that in an EtherCAT network all devices are provided with the
same version of the firmware, EEProm and XML file. So when you need to
replace an old encoder installed in your network, then you must either upgrade
all the encoders in the network to the last version compatible with the new
encoder; or you must downgrade the new encoder to the older version
compatible with the encoders already installed in the network.
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If you want to know the firmware version of a device, press the Box (Lika
EtherCAT HM58 or HS58) item in the left pane of the TwinCAT System
Manager main window: some tabbed pages for configuring and managing the
device will appear in the right pane. Enter the CoE - Online page and refer to
the 1009-00 Hardware version and 1T00A-00 Software version indexes.

il

File Modifica Azioni Visualizza Opzioni Aiuto

D ISR/ ' ER2 AL | HeayH 0 A% L0 Sl o 4" &5 T

=
g Ezg:gd;:::g:: f,frEM Generale | EtherCAT | DC | Process Data | Ufvio  CoE-Online | ningk |
B configurazione PLC
T Conipumnone cccensico I Ao Update ¥ Sha Ofine Dala
& Configurazione 1/0 Avanzato.. [Al Cbjects
Dispositivi /0
=% Dispositivo 1 (EtherCAT) el e [Online Data Module OD {AoE Port): [0
== Dispositivo 1-Immagine di proces
=} Dispositive 1-Immagine di proces Index  Nome [ Flags [ Valore | E
@ Ingraesi 1000 Device o 20 000010196 (£5842)
&l Uscie Mﬁe FO
§ InfoDats < 1003 Hardwars version RO
&, Box 1 (Lika EtherCAT EM58) {1 Sl 5
&, B0x 2 (Lika EtherCAT ES58) ;
&, Box 3 {Lika EtherCAT HMS8) & s
. srity
4, Box 4 (Lika EtherCAT HS58) i TxPDO Mapping
Aecennazion, * Syne Manager Communication Type
+ RxPDO zssign
- 1C13:0 TxPDO assign
+ SMinput parameter
-3 Reserved
& Qperating Parameters
6 Units per revolution
& Total Measuring Range
6 Presst -
& Position Value
g Operating Status
8 Single Tum Resolution
6502 Number of Revolutions
(e Frros |
Nome [ [onine [ Tipe [ Gran... [ >Indiri... | Entra... | User ID | Collegato a o
%7 Pasition Value 000000000 (0) UDINT 40 39.0 Ingre... 0
GTuicstate 1 BOOL 0.1 15221 Ingre.. 0O
&Tstate 00002 (2) UINT 2.0 15480 Ingre.. 0O
T Adsaddr ASFEBOC10201.. AMSADDRESS 8.0 1550.0  Ingre.. O
S netd ASFEBOC10201  ARRAY[D.... 6.0 1550.0  Ingre.. O
Gt netid[o] 0xA9 (189) USINT 10 1550,0  Ingre.. O o
STrettd[1] O5FE (254) USINT 1.0 15510  Ingre.. O
9T netrd[2 B0 (176) USINT 10 15520  Ingre.. 0O
! T | e R I = e =l

Approntato
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Right-click the Device 1 (EtherCAT) item in the left pane of the TwinCAT
System Manager main window and press the Append Box... command.

. vuoto_inglese.tsm - TwinCAT System Manager

File Edit Actions Wiew Options Help

D& w M PBREE MDY SR BBAE R e WO @D
Bl SYSTEM - Configuration
B PLC - Configuration
= 10 - Configuration
=B 1/0 Devices
B-&
_1_ Device 1 b 4ppend Box, ..

-I- Device 1 .
&1 trputs W Delete Device L3

! outputs &> online Reset
§ Infobats oo :
&8 Mappings £ Online Reload (Config Mode only)

General }Adapler | EtherCAT | Online || Cof - Onling | 3

Mame: iDewce1 (EtherCAT) ‘ Id: h |

erCAT [Direct Mode) |

online Delete (Config Mode only)

Bl Export Device... Disabled Create symbols (]

K Tmport Box... % Marme Onling Address | Type InSi

“s_ Scan Boxes...

oot Chrkx
Copy ChrlC

S Change Id...
X Disabled
hange To »

Change MetId...
oo |
Read Local (169.254.196.134.1.1) [i

The Insert EtherCAT Device window will appear.

Insert EtherCAT Device
Mame:  |Box1 Mulliple: 1 e i I oK. l
Tipe: = pese Beckhoff Automation GmbH

[e]
=i Svstem Couplers
|_] EK1100 Ethernet Coupler Terminal (24 E-Busz)
|_] Cx1100-0004 Coupler Terminal (24 E-Bus)
Eﬁj Teminal Couplers [BE1#H8)
#M Miscellaneous
| Drives
Eva Board (Interfaces) Phyzics
Ewa Board [Sampls Source Demos) -
[=-Hia Lika Electranic s
[=-tita EtherCAT Encoder
B LkaEmMBs
B LikaEsss
' ¥Lika HMES
B LikaHses

Indet

®0

(&) Ethemet

In the Insert EtherCAT Device window that appears select Lika Electronic srl
and then EtherCAT Encoder items; now choose from the list the encoder you
want to install:

» |Install Lika HS58 item for XAC7718/1EC-... model.
e |Install Lika HM58 item for XAC7716/16384EC-... model.

WARNING
Please do not install either Lika ES58 or Lika EM58 items.

Press the OK button to confirm your choice.
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8.2 Setting the communication mode

8.2.1 Synchronous with SM3

In the left pane of the TwinCAT System Manager main window press the Box
(Lika EtherCAT HM58 or HS58) item: some tabbed pages for configuring and
managing the device will appear in the right pane. Enter DC page. Select the
Synchronous with SM3 (Inputs) option in the Operation Mode box.

- wuoto_inglese.tsm - TwinCAT System Manager

File Edit Actions Yiew Options Help

D wH B EeavHR e ® % 2 Qe €0 7
B 5vSTEM - Configuration = P 2
BA FLC - Configuration General | EtherCAT | DC | Process Data | Startup | Cok - Online | Orline
= - I/ - Configuration X = TRV -
=B 1/0 Devices Operation bode: Synchronous with S 3 [Inputs]
=== Device 1 (EtherCAT) -
=} Device 1-Image Advanced Settings...

== Device 1-Image-Info

&1 Inputs

$l outputs

§ InfoData

=il Box 1 {Lika EtherCAT HMSS | |
= %T TxPDC Mapping |

&1 Position Value
§ wcdtate
@ InfoData
i’ﬁ Mappings

Ready Local (169,254,196.134.1.1)  [slelylleRlelay

For any further information on the Synchronous with SM3 operation mode
please refer to the "Synchronous with SM3" section on page 63 and to the
1C33 Sync Manager input parameter object on page 76.
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8.2.2 Synchronous with DC (SYNCO)

In the left pane of the TwinCAT System Manager main window press the Box
(Lika EtherCAT HM58 or HS58) item: some tabbed pages for configuring and
managing the device will appear in the right pane. Enter DC page.

Select the Synchronous with DC (SYNCO) option in the Operation Mode box.
Then press the Advanced Settings... button. The Advanced Settings window
will appear.

Advanced Settings FZ|
Distributed Clack 5 B (
Cyclic Mode
Operation Mode:
Enable
SYNC O
(® Sync Unit Cycle ?] w ! Cycle Time [ps]: i_2_ﬁDD
i s
O User Defined Shift Time [ps): i_ |
Enable SYMC O
SYNC 1
O Sync Unit Cycle Cycle Time [ps]: !2000 !
@eNCOCyle w1 w|  Shitt Time fush [0 |
[JEnable 5vHC 1
Fieference Clock
Feference Clock Device: !Box 1 [Lika EtherCAT HM5E)
Azzign to local pC
[ Cyclic Urit [ Latch Unit0 [ Latch Uit 1
ok ][ Anna

In the section tabbed SYNC 0 set the cycle time next to the Sync Unit Cycle
box; sync time is calculated as multiple (or sub-multiple) of the value set in the
Sync Unit Cycle (ps) item right above.

For any further information on the Synchronous with DC operation mode please
refer to the "Synchronous with DC SYNCO" section on page 63 and to the 1C33
Sync Manager input parameter object on page 76.
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8.3 Process Data Objects

In the left pane of the TwinCAT System Manager main window press the Box
(Lika EtherCAT HM58 or HS58) item. Expand the box to see Process Data
Outputs (PDO). Some tabbed pages for configuring and managing the device
will appear in the right pane. Enter the Process Data page. In this page process
data objects (TxPDO Mapping) are shown.

i lika H1_S1.tsm - TwinCAT System Manager

Fle Edit Actions View Options Help

DM e Y N % [21Q[o[sv]%]e" @ O %

" SYSTEM - Configuration i . — = - — ~
=58 PLC - Configuration General | EtheriCAT | DC | Process Data | Startup 3
| IEC
i PRO\-‘.‘?Z PLC_ Sync Manager: PDO List:
= 1o - Configuration
=B /O Devices SM | Size Type Flags Index Size Mame Flz
== Dispositivo 1 (EtherCAT) 0 132 MbxOu 0x1400 4.0 T4PDO Mapping MF
=f= Dispositivo 1-Immagine di p 1 192 Mbxln
=f= Dispositiva L-Immaging di p 2 1] Outputs
@1 Ingressi 3 Inputs
§! Uscite
@ InfoData
=l Box 1 (Lika EtherCAT HMSS < | | | >
= §1 TXPDO Mapping POO Assignment (0x1C12): PO Cantent (0x1400]:
&1 Position Yalue
§ Wwestate 01400 Index Size Offs Mame e
§ InfoData 0:6004:00 4.0 oo Position Value =
[+ g8 Mappings 40 hd
< L
Dovinload [ Load PDO info from device ]
PDO Assignment S—
[ PO Configuration [ Senc Urit Assignment. .. ]
£ > =
Server (porka) Timeskamp Messagagio

Local {169,254,196,134.1.1) Stopped

Process data objects can be displayed also by pressing the TxPDO Mapping
item in the left pane of the TwinCAT System Manager main window; data is
listed in the right pane.

~r wuoto_inglese.tsm - TwinCAT System Manager

File Edt Actions Yiew Options Help

D HE e E e HE BN ® % QA @2
I S¥STEM - Configuration Mame Online Type Size =hddr,..  InfOut | User...
B8 FLC - Configuration T Position Value 000000000 (0) UDINT 4.0 26.0 Input 0

b 1/0 - Configuration
= B8 1/0 Devices

= Device 1 (EtherCaT)
=f= Device 1-Image
=f= Device 1-Image-Info

@1 Inputs

$§1 outputs

@ InfoData

= .- B 1 (Lika EtherCAT HMSE)
= QT LE lapping

§ Westate
- § InfoData
i’ﬁ Mappings
< 12 i
Ready Lacal {169.254.196.134.1.1)  [alalyljlayiletsl=
=

| W
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8.4 CoE Object Dictionary

In the left pane of the TwinCAT System Manager main window press the Box
(Lika EtherCAT HM58 or HS58) item: some tabbed pages for configuring and
managing the device will appear in the right pane. Enter the CoE - Online page.
In this page the object dictionary is shown. This is the offline version of the
object dictionary as read from the XML file.

~r ¥uoto_inglese.tsm - TwinCAT System Manager

File Edit Actions View Options Help

DSwHd &L %8 B TR BB ® % 2Qd e @) ¢
t S¥STEM - Configuration o s TR = —  e— A~
g PLC - Configuration General | EtherCAT | DC Process Data | Startup | CoE - Orline | Orline | =
- 1j0 - Configuration :
=B 1/0 Devices Update List ] Auto Update
== Device 1 (EtherCAT) [ Advanced.. ] | |
== Device 1-Image
=t Device 1-Image-Info Index Mame Flags Walue »~
1 Inputs 1000 Device type M RO 0x00020196 131478)
$! Outputs 1008 Device name RO Hi 58y
‘ InfoData 1003 Hardware wersion RO H1
= .- o 1 (Lika EEherCAT HMSE) 1004 Software verzion RO 50
(=) §T TxPDO Mapping +-1018:0 Identity M RO 44
&1 Position Walue +- 1400:0 T=FDO Mapping RO »14¢
‘ WeShake +-1C00:0 Sync Manager Communication Type M RO »4¢
§ InfoData 10120 FixPD 0 aszign R/ »0<
&E Mappings 10130 T+PDO aszign R/ »14 -
+-1C330 S input parameter RO »B¢
E00D Operating Parameters R 00000 (0]
B0 Units per revvalution R 0000710000 [E5536)
EO02 Total Measuwing Range R 040000000 (1073747}
BO03 Presat Rw/ 0:00000000 (0)
E004 Pasition Yalue ROP 0x3F51F4BT [1062335 %
5 | # =
b
Mame Orline Type Size =Addr,.. | InfOuk | User,,, #
& Positian Yalue 000000000 {0 LDINT 4.0 26.0 Input 0
Gl wiestate 1 BOOL 0.1 1522.0 Input Ju] L
' State 00002 (2} LINT 2.0 1546.0  Input O
SQT Adsaddr AIFEC4860201... AMSADDRESS 8.0 1550.0 Input; o
T netld A9 FEC4 86 0201 ARRAY [D..... 6.0 1550.0 Input o
; G retTArn Mvdd (1A 1ISTHIT 1n 1BEA N Tk 0 b
< |13 |& [ >
Read Local (169.254.196,134.1.1)  ealyijjsfiglee]

Objects can also be read directly from the encoder; to do this click the
Advanced... button: the Advanced Settings window will appear.

Advanced Settings §|

Dickionary
Backup

wia 200 Intormatior

| Al Dbjects

Mappable Objects [R=FDO)
Mappable Objects [TRPDO]
Backup Objects

Settings Objects

() Offline - from D evice Description

) Offline - via EDS File

| | DIOWEE. .

Lok [ annus
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Select the Dictionary item in the left pane and then choose the Online - via
SDO Information option in the Dictionary page; press the OK button to
confirm.

8.5 Online Data

In the left pane of the TwinCAT System Manager main window press the Box
(Lika EtherCAT HM58 or HS58) item: some tabbed pages for configuring and
managing the device will appear in the right pane. Enter the Online page to
check the state of the encoder.

- wuoto_inglese.tsm - TwinCAT System Manager ['._]E]E|
File Edit Actions Wiew Options Help
D wH % En BB =R BN @ % Q@ 7
Je B sv=TEM - Corfiguration _— ~
B PLC - Configuration | General | EtherCAT | DC | Process Data | Startup | CoE - Oniine | Oriine | '
= ! o - Conflg.uratlon S iathe
= BB 1/0 Devices i
[ == Device 1 (EtherCAT) [nit | [Bootstiap . . [EREDE
; ~ urrent State: |
+ Dev!ce 1-Image [F're-Dp ] [Safe-Dp e
== Device 1-Image-Info Requested State: |PREOF
(- §T Inputs [Op | [Clear Emar e —
[ .l Cutputs
- § InfoData
EF Wi i (Liks EthercAT HMSa) Bl Sy = i
=] %T TxPDO Mapping Fort & _Camel / Open
S Position Value Part B N Carrier / Closed
- wskate
@ InfoData
B8 Mappinas
w
Mame Online Type Size =Addr...  InfOut | User. A
1 Position value 000000000 (1) LIDINT 4.0 26.0 Input 0
1 Westate 1 BOOL 0.1 15220 Input o
T state 0x0002 (2) LT 2.0 15480 Irput O
sAddr ; ] nput
ST adsadd A9 FE C4 86 02 01 AMSADDRESS 8.0 1550.0 Input o (5
< > |¢
Ready Local (169.254,196,134.1.1)  [SEpieRGee

To display the encoder process data in real time, click the Safe-OP button if you
want to display inputs only; click the OP button if you want to display both
inputs and outputs.

WARNING

The structure of Data Objects (PDOs and SDOs) requires bytes to be sent from

the Least Significant Byte (LSB) to the Most Significant Byte (MSB).

On the contrary in TwinCAT write and read data from MSB to LSB.

Furthermore in TwinCAT also strings must be entered in the reverse order:

e read default values: Data byte = 64 61 6F 6Chex = "daol" in ASCIl code
(means "load" if read in reverse);

e save parameters: Data byte = 65 76 61 73hex = "evas" in ASCII code (means
"save" if read in reverse).
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8.6 EEProm upgrade

WARNING

The EEProm upgrade process has to be accomplished by skilled and competent
personnel. If the upgrade is not performed according to the instructions
provided or a wrong or incompatible EEProm program is installed, then the unit
may not be updated correctly, in some cases preventing the unit from working.

WARNING

The XML file version, the firmware version and the EEProm version must always
comply. For example: if the firmware version is H1_S4 (Hardware version: 1;
Software version: 4), it is mandatory that the EEProm version is S4, therefore
you must then install the XML file version V4.

WARNING

It is mandatory that in an EtherCAT network all devices are provided with the
same version of the firmware, EEProm and XML file. So when you need to
replace an old encoder installed in your network, then you must either upgrade
all the encoders in the network to the last version compatible with the new
encoder; or you must downgrade the new encoder to the older version
compatible with the encoders already installed in the network.

1. In the left pane of the TwinCAT System Manager main window press
the Box (Lika EtherCAT HM58 or HS58) item of the encoder you need
to update: some tabbed pages for configuring and managing the device
will appear in the right pane. Enter the EtherCAT page.

81X

File Modifica Azoni Visualizza Opzioni Aiuto

|Dbbn|—~m\9ﬂ-amma\g an v H B AL ® % 2Ql2wd @R 2

Generle  EheCAT | hires |
Tipo: |
Product/Revision:  [1/-1
1-Imma Auto Inc Addr: 0
= 91 Ingressi BheCAT ¢ [ [ Advanced Settings |
@@l Usote
- InfoDsta Previous Port [Master =l
-4 Box 1 (Lka EtherCAT HM58]
-l Box 2 (Lika EtherCAT HS58)
8 Assegnazioni
[ 1vome [ [ onine [ Tioo [ Gran... [ »Indri... | Entra... | User ID [ Coliegato a |
| Sstate 00011 (17) UINT 20 15480 Ingre.. 0
4
Server (ports) Timestamp |
@ (65535) 16/ J
) state for ’REO AL Status ‘0x0011' read and '0x0002' expected.
{655 OF', back to "INIT).
mm mbmbn Eas DOEAN AL Conbn ' o e mbmd AL =
| ’
[focal (f69:254 196, 13810
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2. Press the Advanced Settings... button; the Advanced Settings page
will appear; in the directory tree on the left expand the ESC Access
directory, then expand the E’PROM directory, finally select the HEX

Editor item.

|, Senza titolo - TWinCAT System Manager =12] x|
Flle Modfica Agioni Visusizza Opzioni Aiuto
[DESEER [/ e K3 Basdan o2l " ed?
- Configurazone SYSTEM
P Confiurazone PLC Gererals)| BHSCAT | ininea |
- B T T
3 Disposi -
&+ Behavior
+ Timeout Settings
= g FMMU / SM
w-@l | | -InitCommands
@ || B Distributed Clock
w4 | B ESCAcess
ol £ EPROM
B Assegn i+ Configured Station
Smart View
FPGA
Memory
Downesd |  ReadiomFie.. | Dowrload from Lt . |
Upoad | =il
" (1| il |
|l —
] _penite| =]
© (55539 16/03/2012 11.59.05812ms  'Box 1( (1001): state change aborted (reguested PREOP, back to TNIT)
@ (ess3s) 16/03/2012 11.59.05812ms  'Box 1 (PFFFFAFFF RFFFFFFFF (1001): 'INIT to PREOP' failed! Error: 'check device state for PREOP', AL Status '0x0011' read and '0x0002' expected. AL €
® (55535 16/03/2012 11.59.05 5% ms  'Box 1 (PFFFFFFFR RFFFFFFFF (1001): state change aborted {requested PREOP', back to TNIT).
‘ o S e e L s S s e

Approntate

Local (169.254,196.134.1.1) Co

3. Press the Read from File... button and select the .BIN file provided by
Lika Electronic to upgrade the EEProm; please make sure you select the
file suitable for the model you need to upgrade (for example: if you

have to upgrade an XAC7716/16384EC multiturn encoder then you
must select the file HM58_EC_eeprom_Hx_Sy.bin); finally press the

Open button.

Advanced Settings o =5

Arnala | dfrom Lt |

B- General Hex Editor )
- Behavior
i~ Timeout Settings d = =
e DL 2|
Init Commands ol ]
SErhod it Cemsain IGeeprcmeéhen:at d (€ N i
El-ESC Access =
- E3PROM |HM58_EC_eeprom_H1_52 .bin
i <
£ Configreed | W] H558_EC_eeprom_H1_52 .bn
= Smart View
Hex Editor
FPGA
Memory
Nome file: [Hmse_EC_eeprom_H1_52 bin = ot
Tioa file: | EtherCAT Teminal Carfiguration (*bim) =l
Upload T Tite to Fle..,
i — ¥

OK Annula
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NOTE
In the .BIN file Hx is the hardware version of the encoder, while Sy is the

software version.

4. Move back to the previous Advanced Settings page and press the
Download button. Now wait until the EEProm writing process is carried
out. The progress bar below in the page displays the progress of the
operation. As soon as the process is carried out press the OK button.

, Senza titolo - TwinCAT System Manager (8] x|

Fle Modfica Agionl Visuslizza Opzioni Aluto
DFSH SR ns K| |=Sa/daanie R 2qleseen?

-l Configurazione SYSTEM
P Configurazione PLC Generale EtherCAT | ininea |

= I .-« L x
- Disposit
B8 Dig | B General Hex Editor

E3 - Behavior
o | | [ -TmeoutSettings 0 05 03 0C 00 04 0 0 00 0o oo A 00 E a
=8 ! FMMU / SM 0 oo 0 a 5
w8l | | -initCommands 0 0o 0o 0z .
= § [®- Distrbuted Clock. 0 ) 2 1 0 02 0C 00 00 00 00 GO 00 Q0 . j
=@ | B ESCAccess 1
=i =1 E3PROM
BB Acseqn Configured Station | u
3 f::ré';:: < 02 ¢ ¢ 00 09 12 4C 69 6B 61 (.
FPGA i & 4z ) 42 4D 35 32 07 45 Eche
Memory g £ 65 72 43 41 54 20 ncode:

Read from Fie... | Dovnload ffom Lst..
Upbad | WietoRie. | I

b 0K Annulia —:I

Server {porta)

(65535) 16/03/2012 11.59.05812ms  Box 1 P T (1001): state change aborted (requested PREOP', badk to TNIT). <J
@ 5539 16/03/2012 11.59.05 812 ms  'Box 1 (PFFFFEFFF REFFFFFFF (1001): 'TNIT to PREOP' failed! Error: 'check device state for PREOP'. AL Status '0x0011' read and '0x0002' expected. AL £
© (55535 16/03/2012 11.59.05 546 ms  Box 1 (PFFFFFFFE RFFFFFFFF (1001): state change aborted (requested PRECF', back to TNIT). -
o e 0200 1 £k RS RS 1) T PR B ek i s e DY 1 i A ko Y it __j_l
Writing... EEEEEEEEEER [Local (169.254,. 196, 134.1.1)

5. Now turn the power supply off, then on again.
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6.

In the left pane of the TwinCAT System Manager main window delete
all the Box (Lika EtherCAT HM58 or HS58) items in the list. Select

each box and then press the DEL key in the PC keyboard. Press OK to
confirm.

., Senza titolo - TwinCAT System Manager

4 ] (8] x]
Flo Modfica Asioni Visuslizza Opzioni At ; = = . .

[ DEFH SR I DS A (B avdd i o [eQR«eD?

Bl Configurazione SYSTEM

B Configurazone PLC Generale  BtherCAT |DC | Process Dita | Awvie | CoE - Onine | Ininss |

A configurazione 1/0

558 Dispositivi 1/0 Tipo: [[iea Fize

B 5% Dispositiva 1 (EtherCAT) Product/Revision:  [2/100
§= Dispositvo 1-Immagne di processo

%= Dispositivo 1-Immagie di processo-1 || A0 e Addr [FFFF

2 glﬂcfﬂs‘ BheCAT &ddr [ [1002 =] Advanced Settngs... |
iz Usate
B-§ InfoData Previous Port: |Bax 1 PFFFFFFFF RFFFFFFEF) - B =

& [l Box 2 (Lika EtherCAT HM58)
B8 Assegnazioni

[1wincaT system Hanagee e

A,
\d r) Cancells element

Nome I T onine [T [Gron... [>ingni.. [ Enba... [User 1D [ Colegatos |
ST Positon vakie 0x00000000 (0) UDINT 4.0 39.0 Ingre... 0
4] | 9twestate 1 B00L 0.1 15221  Ingre... © =l
Server (porta) Timestamy | Messaggio |
(65535) 16/03/2012 13.25.55 734ms  'Box 2 (Lika EtherCAT HM58)' (1002): state change to 'PREQP' finished _l

@ (sss35) 16/03/2012 13.25.55656 ms  'Box 2 (Lika EtherCAT HMS8)' (1002): abnormal state change (from PREOP' to 'INIT). Try to go back to PREOP..,

© (55535 16/03/2012 11,59,05812ms  'Box 1 (PFFFFFFFF RFFFFFFFF (1001): state change aborted (requested 'PRECP', back to 'INIT).

1 reeeany A£iNIA0147 41 EA AE 84 me s 1 MESSEEEES NEESEEESE! 1100 1), THTT bn DVEAN Sailmd] Exrmrs feansle desiza 1" £ BOEAN &1 S5 i M 11 o 2 WO Asimabed A1 S
4

Approntato

Local (169.254,196,134.1.1)

In the left pane of the TwinCAT System Manager main window select

and right-click the Device 1 (EtherCAT) item; press the Scan Boxes...
command in the menu.

s
Fle Modifica Azoni Visuslizza Opzioni Aiuto

IDE@H SR EER Al Blasddasie %(2qevwseed?
(B Confouramone SraT=m

B configurazione PLC Generale 'MWI EtherCAT | inlinea | CoE-Oniine |
B configurazione 1/0

Nome: [Dispostivo 1 (EihercAT) e
= o
W Cancella dspositve =
{(® Ripristing inInea
£ Assegisioni 23 Online Reload (Canfig Mode only)
Online Delete (Config Mode only) =
I Esporta dispositive.. abled Crea simbol [

" Importa box...

(Change Netid...
Nomero ] Nome box  cniine [ndrizzo [T Grande... | Grande... [ E8us (ma) [ c
| 4l | |
| messs |
'Box 2 (Lika EtherCAT HMS8)' (1002): state change to 'PREOP' finished _l
'Box 2 (Lika EtherCAT HM. normal state change (from 'PREOP' to 'INIT). Try to go back to PREOP'...
‘Box 1 (PFFFF

borted {requested 'PREOP' toT

'as 1 MnEEEEEEEE NEEE
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8. At the end of the scanning process all the devices available in the
network are listed as shown in the Figure here below.

, Senza titolo - TwinCAT System Manager

=181
File Modifica Azioni Visuslizza Opzioni Aiuto
DEEM|ZRE »ERR A Havddaniseeqewed en
(B Corgurazone STsTem
B configurazione PLC Generde | Adspter | EiverCAT | nfinea | Cof - Grie |
B configurazione 1/0 e
&= B Dispositvi 1/0 Nome: [Dispostiva 1 (EtherCAT) (]
o The: | E
Dispositivo 1-Immagine di processa
4= Dispositivo 1-Immagine di processo-T Commento; .‘.I
- Q1 Ingressi
§! Usate
-§ InfoData
Box 1 {Lika EtherCAT HM58) [ |
Box 2 (Lika EtherCAT HS58)
-l Assegnazioni I Dsabled Crea smbol [~
Numero [ ome box [ Gnine [ indrizzo [ Tipo [ Grange... [ Grande... [ E-6us (ma) [ col=]
1 Box 1 (Lika EtherCAT HM58) 1001 Lika EtherCAT HM58 4.0 =
4 | s | ,
Server (porta) Times! | Messa, :l
(65535) 16/03/2012 13.25.55 734 ms 'Box 2 (Lika EtherCAT HMS8)' (1002): state change to PREOP' finished |
© 6553 16/03/2012 13.25.55656 ms  'Box 2 (Lika EtherCAT HMS8)' (1002): abnormal state change (from 'PRECP' to 'INIT). Try to go back to PRECP...
© (55539 16/03/2012 1L.59.05812ms  'Box 1 (PFFFFFFFF REFFFFFFF (1001): state change aborted {requested PREOP, back to TNIT).
1 feeeaEy 1£/N3AA047 45 N AE S 1T ma  Tews 4 MECEEEEES NEEEEEEEE! 100 1) THITT 4a NVEAN failmdl Sanas: Tmiumsbe dmssimn ..]._ £ DAY 81 Coa i 11417 o 2med (MY mssan mbrd j:]
»
Approntato

Local (169.254,196.134.1.1)
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8.7 Firmware upgrade

WARNING
The firmware upgrade process has to be accomplished by skilled and competent
personnel. If the upgrade is not performed according to the instructions
provided or a wrong or incompatible firmware program is installed, then the
unit may not be updated correctly, in some cases preventing the unit from
operating.

WARNING

The XML file version, the firmware version and the EEProm version must always
comply. For example: if the firmware version is H1_S4 (Hardware version: 1;
Software version: 4), it is mandatory that the EEProm version is S4, therefore
you must then install the XML file version V4.

WARNING

It is mandatory that in an EtherCAT network all devices are provided with the
same version of the firmware, EEProm and XML file. So when you need to
replace an old encoder installed in your network, then you must either upgrade
all the encoders in the network to the last version compatible with the new
encoder; or you must downgrade the new encoder to the older version
compatible with the encoders already installed in the network.

The firmware is a software program which controls the functions and operation
of a device; the firmware program, sometimes referred to as “user program”, is
stored in the flash memory integrated inside the unit. Lika encoders are
designed so that the firmware can be easily updated by the user himself. This
allows Lika Electronic to make new improved firmware programs available
during the lifetime of the product.

Typical reasons for the release of new firmware programs are the necessity to
make corrections, improve and even add new functionalities to the device.

The firmware upgrading program consists of a single file having .EFW extension.
It is released by Lika Electronic Technical Assistance & After Sale Service.

WARNING
You must upgrade the EEProm before upgrading the firmware.
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1. In the left pane of the TwinCAT System Manager main window press
the Box (Lika EtherCAT HM58 or HS58) item of the encoder you need
to update: some tabbed pages for configuring and managing the device
will appear in the right pane. Enter the Online page.

_, Senza titolo - TwinCAT System Manager
F\ie Modifica Azioni Visusiizza Opzioni Aiuto

JD#-H\;W&IM RS 5 Baysanieeaqlweeen e

NEIEY

| Configurazione SYSTEM =
- Configurazione PLC Generdle | EherCAT | DC | Process Data | Avvio | CoE-Onine Ininea |
W cConfigurazione 1/0 v
=8 Dispositivi /0 State Machine

&= 5 Dispositivo 1 (EtherCAT) E‘ B"—Id‘*m g [FREoP
i~=$= Dispositivo 1-Immagine di processo PreOp SafeOp I

|-=dm Dispositivo 1-Immagine di processo-I

Requested State: PREOP
G- @ Ingressi Op Cewemr |
i1l Usdte
&-§ InfoData -
&l Box 1 (Lika EtherCAT HM38) e
-l Box 2 (Lika EtherCAT HS58) Port A: Camer / Open
&8 Assegnazioni ot B: Camarfapan

Port C:

Pot 0

- File Access over BherCAT

Download UD'Uad...
_Dovrlond.. |

Home [ onine [ Tioo [Gron... [ >indel.. [Entra.. [useriD [ Colegatos AI
T Position value 0x00000000 {0) UDINT 4.0

© y 2.0  Ingre.. 0
Kl | otwestete 1 800L 0.1 15221 Ingre... 0 =l
Server (porta) Timestamp | Messaggio -]
0 65535 16/03/2012 13.25.55 734ms  'Box 2 (Lika EtherCAT Hv158)' (1002): state change to PREOP' finshed |
@ (55535 16/03/2012 13.25.55656ms ‘Box 2 (Lika EtherCAT HMIS8)' (1002): sbrormal state change (from BREOP' to TNIT). Try to go back to PREOP'...
© (65535 16/03/2012 11.59.05812ms  'Box 1 (PFFFFRFFF REFEFFFFF (1001): state change aborted (requested PREOF', back to TNIT).
1 P o SR RS i T o o e ki QY. 4 S8 O 2 e et &
4 3
Approntato

[local (69,259,198, 545

2. Press the Bootstrap button in the State Machine box; in the BOOT
state the encoder is ready to accept the firmware upgrade download

process (the BOOT message appears next to the Current State item in
the same box).

T — . =18 x|
Fle Modifica Azioni Visualizza Opzioni Aisto

DFwd SR RS |Hd Has/ e en @2 Qe

B Configurazione SYSTEM

B Confiqurazione PLC Generale | EiherCAT | DC | Process Data | Avvio | CoE-Onire ninea |
W configurazione 1/0 = i
1 B Dispositivi 110 St:a Machine -
£ 558 Dispasitvo 1 (EtherCAT) P
~<f= Dig 1 Curent State: [eooT
ispositiva 1-Tmmagne di processo PreOp I SefeOp
<§= Dispositivo 1-Immagine di processo-l Requested State |EOOT
@] Ingressi Op I Clear Enor
- §l Usate
@ InfoDats i
) @ Box 1 (Lika EtherCAT HM38) DLL Status
-l Box 2 (Lika EtherCAT HMSS) Pot A: [Camer / Open
- @l Assegnazioni Pot B:
Fort C:
PatD
Flle Access over EtharCAT
Home T Jonine [Teo
T Position Value 0%00000000 (0) UDINT %0 32.0 Ingre.., 0
4] 2| 9Twestate 1 BOOL 0.1 15221  Ingre.. 0 |
| Messaggo B
16/03/2012 13.25.55 734ms  'Box 2 (Lika EtherCAT HMS8) (1002): state change to PREOP finished |
3.25.556%6ms  ‘Box 2 (Liks EtherCAT HMSS) (1 ¢
11.59.05812ms  'Box 1 (PFFFFFFFF REFFFFFFF (100 d
& cceoe £ €00 e o e o 1001 T i ISt B ik e e PO S Y _’]:I

Approntato [Local (169,254 196. 134.1.1)
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3. Now press the Download... button in the File Access Over EtherCAT
box; in the Open window that appears select the .EFW file provided to
upgrade the firmware; please make sure you select the exact file of
model you need to upgrade (for example: if you have to upgrade an
XAC7716/16384EC multiturn _encoder then you must select the file
ECATFW_HM58_Hx_Sy.efw); finally press the Open button.

EEEEEEE——— 21X

Cercain: i\':') FimWare :J a e BB

J|ECATFW _HMS58_H1 52.efw
|®|EcaTRw_HsS5_H1_52.0fw

Nome file: [ECATFW_HMS2_H1_S2 efw s |
Tipo file: | EtherCAT Fimware Files (*sfw) ¥ Al |

NOTE
In the .EFW file Hx is the hardware version of the encoder, while Sy is the
software version.

4. In the Edit FoE Name page that appears on the screen enter the
password 00000000hex next to the Password (hex) item below in the
page and then press the OK button to confirm. Now wait until the
firmware file saving process is carried out. The progress bar below in the
page displays the progress of the operation.

|
String: |ECATPW_HMS8_H1_52 DK |
Esad [45434154 4657 5F 434D 3533 5F 48315 Annulla
Lunghezza: |1 T
Pasaword [hex): W
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5. To check whether the firmware upgrade procedure has been completed
successfully enter the Online page in the TwinCAT System Manager
main window and press the Pre-Op button in the State Machine box;
if everything is ok, the encoder enters the PREOPERATIONAL state (the
PREOP message appears next to the Current State item in the same

box).

- Senza titolo - TwinCAT System Manager

SR c e W (P Do 1
DEsl|[ZRE &5 ES[H

[ Bl Configurazione SYSTEM

B eavdB Bt ® Qe w72

=l8ix|

B Configurazione PLC
A configurazione /0
= B Dispositivi 1/0
(=58 Dispositivo 1 (EtherCAT)
=f= Dispositivo 1-Immagine di processo
f= Dispositivo 1-Immagine di processo-T
- T Ingressi
i @l Uscite
@-§ InfoDats
# - Box 1 (Lika EtherCAT H58)
& Box 2 (Lika EtherCAT HMS3)
- Assegnazion

Genersle | BheiCAT| DC | Process Data | Avwio | CoE -Orime Inines |

- State Machine

it Bocisren |
Cumnt State: [PRECP
Pre0p | s#e0p |
Rea d State: PREOP
Op Clear Eror l
DLL Status
Pot A:
Port B:
Por, C:
Forl &

File Access over BtherCAT
’V Download.... pload...

11 BN AE 81T me  Bes 1

(1001): state change aborted (raquested PREOP', back to TNIT).
s ramn .

/meEEECEEE NEsEE: o TAITT s AVEANE £l Eereses Tmhan e dession. .»r £nr nOEAR!

| Cat e 3

-

it

Home ][ onine [ Tipo [ran... [ >indri... | Entra... | User ID | Colegatos ~|
T Position value 0x00000000 (0) UDINT 40 39.0 Ingre.. 0
4] | otwestate 1 B00L 0.1 15221 Ingre.. © =l
Server (porta) Tmestamy [ Messaggo |
(65535) 16/03/2012 13.25.55 734ms  'Box 2 (Lika EXherCAT HM58) (1002): state change to PREOF' finished |
-] {65535) .25.55656ms  'Box 2 (Lika EtherCAT HM58)' ): sbrormal state change (from 'PREOP to 'TNIT'). Try to go back to 'PREOP',..
® 5535 11.59,05812ms  'Box 1 (PFFFEFFEFF RFFFFF &
rezcan "
L

Local (169,254, 196,134, 1.1)

IO rncbad
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9 - EtherCAT® interface

9.1 Basic Information on EtherCAT® protocol

The EtherCAT protocol is designed to use the standard Ethernet dataframes for
issuing data; in addition, and as regards the hardware, it is not necessary to
install dedicated Masters for establishing and managing the EtherCAT
communication because standard Ethernet network cards can be used. This
results in a great advantage in terms of lower costs and simplicity of use
because Ethernet network cards are used in standard personal computers and
are easily commercially available.

An EtherCAT bus can be viewed as a single and large Ethernet device that
receives and sends Ethernet telegrams; it can be considered an Ethernet subnet
supported by an Ethernet dataframes structure.

However this "subnet” must be fitted with one only EtherCAT Master controller
and several EtherCAT Slaves, but no Ethernet controller with downstream
microprocessor must be present.

Here follows an Ethernet frame structure with EtherCAT:

* add 1-32 padding bytes if Ethernet frame is shorter than
64 Bytes (Ethernet Header+Ethernet Data+FCS)

Ethernet header Ethernet Data FCS
EtherCAT header
14 Byte 11 bit 1bit 4 bit 44*-1498 Byte 4 Byte
Ethernet header | Length | Res. | Type 1...n Datagrams FCS
o«

1% EtherCAT Datagram | 2 |

n' EtherCAT Datagram |

10 Byte 0-1486 Byte 2 Byte
Working Counter
Datagram Header Data (WKC)
8 Bit 8 Bit 32 Bit \ 11Bit 3 Bit 1 16 Bit
| Cmd | ldx | Address | Len | R | C | M IRQ—I
0 8 16 48 59 62 |63 |ea 79
More EtherCAT Datagrams
16 Bit 16 Bit
Position | Offset | -+ Position Addressing
| Address Offset | -« Node Addressing

| Logical Address | -+ Logical Addressing

Inside the Ethernet frames, data is transmitted among Master and Slaves using
PDO (Process Data Objects) protocol. Each PDO message has inside one or more
addresses for issuing data to the Slaves; data + address/es (and additional
elements such as a validation checksum) joined together form an EtherCAT
telegram (Datagram).
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An EtherCAT frame can contain several telegrams and a complete control cycle
often requires more than one frame.

9.1.1 Data transfer

Usually, in a data bus system, Master controller sends online a data request and
then waits for data to be processed and sent back from each Slave node; this
does not comply with a real-time system because the Master receives data from
the Slaves in different moments and the whole system cannot be synchronized.
In EtherCAT the real-time characteristic of the system is quite improved because
data are processed "on-the-fly", using one single frame to acquire all data from
all Slaves.

In fact the frame sent by the Master is read by each Slave node the data is
addressed to while the telegram passes through the device; similarly, input data
is inserted while the telegram passes through. Then the telegram is forwarded to
the next device. Telegrams are only delayed by a few nanoseconds.

The last Slave issues back the complete frame to the Master with all the
requested data (again passing through all the Slaves).

This efficient data flow is guaranteed by the T00BASE-TX full-duplex structure
of EtherCAT bus which is fitted with two separated lines for transmitting and
receiving data.

Moreover the protocols exchange takes place inside the hardware and it is thus
independent from the CPU and the software processing.
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9.1.2 ISO/OSI Layer model

osl
Layers
7 | Application Layer (AL) IEC 61158-5/-6 Type 12
6
5
:
3
2 | Data Link Layer (DLL) IEC 61158-3/-4 Type 12 |
1 | Physical Layer (PhL) IEC 61158-2 Type 12 |

* "Empty" means that the layer behaviour exists, but is not shown explicitly.

9.1.3 Topology

Several topologies of connection are supported by the EtherCAT networks: line,
tree, daisy-chain, star, ...). EtherCAT networks can be configured in almost any
topology in the same structure. The maximum length of the cable between two
Slaves is 100 m [ 328 ft; standard EtherCAT cables commercially available can be
used.

The choice of the topology depends on the structural characteristics of the plant
and it is made in order to reduce the complexity and time for cabling.

Inside an EtherCAT network up to 65,535 devices can be connected.

Some topology examples are shown in the Figures below:

LINE topology:

IPC

HE R R . R
=== R 2

e R ## -
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TREE topology:

Y S $
g

R E

!J_n::‘

HE e R #

9.1.4 Line Termination

The EtherCAT network needs no line termination because the line is terminated
automatically; in fact every Slave is able to detect the presence of downstream
Slaves.

An EtherCAT Slave is able to detect the presence of the signal in the outgoing
line (Port 0) or in the return line (Port 1).

If the Slave is not able to detect the signal in its return line then it closes the
communication ring by short-circuiting the TX signal of its outgoing line with
the RX signal of its return line; in this way a telegram received through the
outgoing line is processed and sent back through the TX of the return line.

The Slave sends a “carrier signal” or a telegram on TX of the outgoing line
continuously and, once the next Slave is connected again, a signal on RX of the
return line is detected again; so the short circuit is removed and the telegrams
are sent on TX of the outgoing line.
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/,_7 EtherCAT \
"|  Processing Unit =
e ™
3 < = I\
= o 5]
VX E T m = c £ = v
S 2Ep g = = &
Port 0 o onl 2 x x = b4 5 Port 1
g5 : 3 8 % 2 &2
S 2 =
N 5 N <5
W\ /
N\ i 4

9.1.5 Addressing

It is not necessary to assign a physical address to the device (for instance using
a dip-switch) because the addressing of the Slave is automatic at power on
during the initial scanning of the hardware configuration.

8Bit  8Bit 32 Bit 11Bi 1211111 {11 || 6Bt
[ cmd | 1ax | Address | Len [R[c[R[M] R ]
! : ' 16 Bit 16Bit !

APxx Position | Offset |+« Auto Increment Addressing
] ] 1 (Position addressing)
Address | Offset |+ Fixed Physical Addressing
' ! ! ! (Node addressing)
| LogicalAddress |+ Logical Addressing

The field for addressing is 32-bit long; there are three kinds of addressing:

e Auto Increment Addressing = Position Addressing: 16 bits indicate the
physical position of the Slave inside the network while 16 bits are scheduled
for local memory addressing; when the Slave receives the frame then it
increments the position address and the Slave receiving the address O is the
addressed device;

o Fixed Addressing = 16 bits indicate the physical address of the Slave inside
the network while 16 bits are scheduled for addressing the local memory;

e logical Addressing = the Slave is not provided with its own individual
address, but it can read and write data in a section of the total memory
space available (4 Gigabytes).
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9.1.6 Communication mode

Lika encoders with EtherCAT interface support the following operating modes:

e FreeRun: asynchronous mode;
e SM3 event: synchronous mode;
e DC:distributed clock synchronization mode (synchronous mode).

For a system that requires high performances in real time (closed-loop
applications) we suggest using DC mode; if real time requirements are not so
mandatory SM3 or Freerun modes can be used instead.
A reference parameter is the “Jitter": it represents the temporal fluctuation of
the instant data sampling; in other words data sampled by the micro-controller
is available in ECAT DPRAM memory after a certain time and the measure of the
variability over time is the “jitter".

FreeRun

Asynchronous mode; the encoder position is sampled directly from the EtherCAT
frame sent by the Master; the position update is performed by an internal timer
of the controller every 100 microseconds.

Local Timer

0x1C33:02 (Cycle Time)

Local Timer

A A

0x1C33:05 (Min Cycle Time)

[
o

0x1C33:06
(Calc & Copy)

Input‘ Latch

;I

This operating mode has a high sampling jitter (up to 100 microseconds) and
can be chosen only when cycle times are quite longer than the jitter if we want

to ensure a sufficient real-time system performance.

Local Local
Timer Timer

'

Local
Timer

'

Local
Timer

v

Local
Timer

Local
Timer

v

v
}

'
i

Frame N Frame N+1
Description Min Typ Max
Jitter 0 100 usec
Cycle Time 1000 64000 psec

See the 1C33 Sync Manager input parameter entry on page 76.
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Synchronous with SM3

In this mode data is sampled and then copied into the Sync Manager buffer as
soon as previous data was read from the Master (SM event); in this way new
sampled data is synchronous with the Master readings.

SM3 Event SM3 Event
+
SR | 0x1C33:02 (Cycle Time) I 1ame N+1 >
L 0x1C33:05 (Min Cycle Time) >
. 0x1C33:03 (Shift Time) 0x1C33:06
alc & Copy)
17 Jitter
| ; -
Input Latch

New data will be read by the Master at the next cycle (following SM3 event), so
if the cycle time is too long, data could be relatively old for a real-time system.
The main advantage is that data is updated exactly when the Master is reading
(synchronous mode).

Description Min Typ Max
Jitter 0 7.2 ns
Cycle Time 62.5 64000 us

See the 1C33 Sync Manager input parameter entry on page 76.

Synchronous with DC SYNCO

In this operating mode data is sampled and then copied into the Sync Manager
buffer simultaneously at SYNCO event generated by the ESC capture/compare
unit.

Time required for accomplishing these operations is set in the 1C33 Sync
Manager input parameter object; in particular in the 03 Shift Time entry
(1C33hex, sub3) and in the 06 Calc and Copy time entry (1C33hex, sub6).

SyncO0 Event Sync0 Event

Frame N 0x1C33:02 (Cycle Time) | ame N+1

-
-«

P 0x1C33:05 (Min Cycle Time) >

. 0x1C33:03 (Shift Time) 0x1C33:06
alc & Copy)

SM3 Event 7 Jitter SM3 Event
— -

Inpuf Latch
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In this operating mode the "Jitter" is a fundamental parameter in the sampling
of two consecutive data. The main advantage of this mode is that there is a
direct relation between the sampling instant and the absolute time of the
system; in this way, if we know the shift times of the Slaves, we can have an
exact image of the system at a given moment (with a tolerance equal to the
jitter).

Description Min Typ Max
Jitter 0 100 200 usec
Cycle Time 62.5 64000 usec

9.1.7 EtherCAT State Machine (ESM)

Init
A A E é
(IP) (PI) (Sl) (IB) Bl)
thtJ
- ootstral
Pre-Operational L o0 P_ti_Q'léD_‘_)____E

(o)) (OP) (PS)| (SP)

Safe-Operational

Y

(S0O)| (09)

Operational

EtherCAT Slave is a state machine; the communication and the operating
characteristics depend on the current state of the device:

INIT: it is the default state after power-on; in this state there is not direct
communication between the Master and the Slave on the Application Layer;
some configuration registers are initialized and the Sync Managers are
configured.

PRE-OPERATIONAL (PREOP): in this state the mailbox is active; both the
Master and the Slave can use the mailbox and its protocols for exchanging
specific initialization parameters of the application. Exchange of Process
Data (PDO) is forbidden.

SAFE-OPERATIONAL (SAFEOP): in this state the Master and the Slave can
issue only input process data, while the output process data is still in the
SAFE-OPERATIONAL state;

OPERATIONAL (OP): in this state the Master and the Slave are enabled to
send both input process data and output process data.

BOOTSTRAP (BOOT): no process data communication. Communication only
via mailbox on Application Layer available. Special mailbox configuration is
possible, e.g. larger mailbox size. In this state usually the FoE protocol is used
for firmware download.
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9.1.8 Slave configuration

The configuration of the Slave communication characteristics (Sync Manager
configuration, addresses, synchronization modes, PDO mapping, ...) can be made
both by using the XML file (EtherCat Slave Information - ESI) or by loading data
directly from EEPROM (Slave Information Interface SlI).

EEPROM content (Sl):

3yte
yT0

16
32
48

EtherCAT Slave Controller Configuration Area
Vendorld ProductCode RevisionNo SerialNo
Hardware Delays Bootstrap Mailbox Config

Mailbox Sync Man Config

Reserved
128

Additional Information (Subdivided in Categohes)

Category Tx- / RxPDO for each PDO

9.1.9 Timing and Synchronization

The main feature of EtherCAT is its almost ideal representation of a real-time
system.

Hence the Master has to synchronize all the Slaves at the same time in order to
build a system where all nodes have the same reference time; this goal can be
achieved by using “distributed clocks".

The Master downloads its clock into one of the Slaves (customarily the first
Slave) which becomes the reference clock for all the Slaves in the network: so it
has the task of synchronizing the other Slaves. The Master controller periodically
sends a special synchronization-telegram where the reference Slave writes its
own “current time". This telegram is then sent to all the other Slaves that, in this
way, provide for a new re-synchronization of their own clock in order to avoid
possible drifts.

This synchronization of the reference time is very important in order to have an
up-to-date “snapshot” of the system and accordingly take simultaneous actions
in high sensitive applications such as the coordination in axis control operations.
Besides, the EtherCAT Slave Controller (ESC) is fitted with a capture/compare
unit that provides accurate synchronization signals (SYNCO or interrupts): they
are sent to the local micro-controller so that it is able to synchronize its own
clock to the Slaves clock.

Sync Manager

Sync Manager has the task of synchronizing data transfer between the Master
and the Slave and prevents the same memory area from being written by
different events.

There are two synchronization modes:

e Buffered Mode (3-Buffer Mode);
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e Mailbox Mode (1-Buffer Mode).

Synchronisation mode is initialized through the XML file or by loading data
directly from EEPROM (SII).

Buffered Mode (3-Buffer Mode)

In this mode new data can be accessed at any time by both the EtherCAT Master
and the ESC controllers; no timing restrictions are imposed.

Three buffers are necessary (three consecutive memory areas); one buffer is
always available to the ESC controller for writing and one buffer always
contains updated data to be read by the Master.

Customarily this mode is used for cyclic data exchange, i.e. process data
communication.

Mailbox Mode (1-Buffer Mode)

In this mode a "handshake" between the Master and the Slave must be used; in
fact one only memory buffer is available to both the Master and the Slave for
writing and reading; the Master (or the Slave) is enabled to write only when the
buffer is empty, that is when the Slave (or the Master) has finished reading the
data buffer. And vice versa: the Master (or the Slave) is enabled to read only
when the buffer is empty, that is when the Slave (or the Master) has finished
writing the data buffer. The mailbox mode is typically used for application layer
protocols and exchange of acyclic data (e.g. parameter settings).

The encoder features four Sync Managers, see the 1C00 Sync Manager
Communication Type object on page 75:
* Sync Manager 0 (SM MailBox Receive, SMO)
Used for mailbox write transfers (Master to Slave).
The module has a configurable write mailbox size with default size of
276 bytes, corresponding to 255 bytes plus relevant protocol headers
and padding.
» Sync Manager 1 (SM MailBox Send, SM1)
Used for mailbox read transfers (Slave to Master).
The module has a configurable read mailbox size with default size of
276 bytes, corresponding to 255 bytes plus relevant protocol headers
and padding.

* Sync Manager 2 (SM PDO output, SM2)
It contains the RxPDOs (i.e., Sync Manager 2 holds the Read Process
Data).

* Sync Manager 3 (SM PDO input, SM3)
It contains the TxPDOs (i.e., Sync Manager 3 holds the Write Process
Data).
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9.2 CANopen Over EtherCAT (CoE)

Lika encoders are Slave devices and support the “CanOpen Over EtherCAT" (COE)
mode for data transfer. In particular, they support the “CANopen DS 301
Communication profile”, Class 2 and the “CANopen DS 406 Device profile for
encoders”.

For any omitted specification on CANopen® protocol, please refer to the "CiA
Draft Standard Proposal 301. Application Layer and Communication Profile” and
to the "CiA Draft Standard 406. Device profile for encoders” documents available
at the address www.can-cia.org.

For any omitted specification on EtherCAT® protocol, please refer to the
“ETG.1000 EtherCAT Specification” document available at the address
www.ethercat.org.

9.2.1 XML file

XAC77  EtherCAT®  encoders are supplied with an XML file
Lika_Ex58_Hx58_EC_Vx.xml (see at www.lika.biz > ROTARY ENCODERS >
ABSOLUTE ENCODERS > ETHERCAT). The XML file has to be installed on
EtherCAT® Master device.

Please install one of the following encoders:

* |Install Lika HS58 encoder for XAC7718/1EC-... model.
* Install Lika HM58 encoder for XAC7716/16384EC-... model.

WARNING
Please do not install either Lika ES58 or Lika EM58 encoders.

For any information on the firmware upgrade procedure refer to the "8.7
Firmware upgrade” section on page 53. For any information on the EEProm
upgrade procedure refer to the “8.6 EEProm upgrade” section on page 48.

WARNING

Before installing the XML file please check that it is compatible with the
firmware version and the EEProm version of the device; the XML file version, the
firmware version and the EEProm version must always comply. For example: if
the firmware version is H1_S4 (Hardware version: 1; Software version: 4), it is
mandatory that the EEProm version is S4, therefore you must then install the
XML file version V4.

WARNING

It is mandatory that in an EtherCAT network all devices are provided with the
same version of the firmware, EEProm and XML file. So when you need to
replace an old encoder installed in your network, then you must either upgrade
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all the encoders in the network to the last version compatible with the new
encoder; or you must downgrade the new encoder to the older version
compatible with the encoders already installed in the network.

If you want to know the firmware version of a device, press the Box (Lika
EtherCAT HM58 or HS58) item in the left pane of the TwinCAT System
Manager main window: some tabbed pages for configuring and managing the
device will appear in the right pane. Enter the CoE - Online page and refer to
the 1009-00 Hardware version and 1T00A-00 Software version indexes.

|, Senza titolo - TwinCAT System Manager —|=] x|
Fle Modifica Azioni Visualizza Opzioni Aiuto

T TIE T T E R e ARG

5
g Es:ﬁiﬁ:zz:z Z::STEM Generale | EtherCAT | DC | Process Data | fvio  CoE-Online | Iniing |
B8 confiqurazione PLC -
- R I Ao Update 7 Show Offins Dats
=] !éﬂ;ﬁﬂufﬁziﬁne 1jo Avanzato [AirObiscts
=] Dispositivi IO
-5 Dispositivo 1 (EtherCAT) Add o Stantup. Online Data Module OD {AoE Port): [0
=3 Dispositiva 1-Immagine di proces
= Dispositivo 1-Immagine di proces Index: ] tiome [ Fiags [ Valors | -
& ngess 1000 Devicat &0 000010136 (65542)
§! Uscite levice name RO
§ InfoDats < Hardware version RO
&, Box 1 (Lika EtherCAT EM58) oo oS
&, Box 2 (Lka EtherCAT ES58) i = B S
&, Sox 3 (Lika EtherCAT HI58) = \dZm?rr? R = s
i 4, 5ox 4 (Lika EtherCAT HS53) = WDé T R0 ? B ‘
HH Assegnazioni + Syne Marager Communication Typs RO 4
c RxPDO assign AW >0¢
+ TxPDO assian A/ >1<
C SM input parameter RO >
G Reserved RO
Operating Parameters AW
Units per revoldtion RV
Total Measuring Range AWV
Presst RV -
Position Valus ROP
Operating Status RO
Single Tum Resalution RO
Number of Revolutions RO
RS2 Frors RO = |
Tome [ [ oniine [ Tipo [Gran... [ >indiri... [ Entra... [ User ID | Collegato a -
T Rosition Value 0%00000000 (0) UDINT 4.0 38.0 Ingre.. 0O
GTvicstate i BOOL 0.1 15221 Ingre.. 0O
GTstate 0%0002 (2) UINT 20 1548.0  Ingre.. O
1 adsaddr AGFEBOC10201.. AMSADDRESS 8.0 15500  Ingre.. O
T nettd AGFEBOCI0201  ARRAY [D..... 6.0 1550.0  Ingre.. 0O
$Tnetid[o] ) USINT 1.0 1550.0  Ingre.. O b
Stnettd[1] USINT 10 15510 Ingre.. 0O
Tnetid[z USINT 10 15520  Ingre.. O
<| T | e ot i = e =l

Approntato

9.2.2 Communication messages

EtherCAT Datagram of Cok mode has the following structure:

Cmd specific

Mbx Header CoE Cmd
data

type = 3 Number | res | Type
6 bytes 9 bits | 3 bits | 3bits | 0... 1478 bytes

Mbx Header =3 CoE mode

Number =0 in case of SDO messages

#0 in case of PDO messages, it defines the type of service
res reserved bits
Type =0 reserved

=1 Emergency message
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=2 SDO request

=3 SDO response

=4 Transmitted PDO (TxPDO)

=5 Received PDO (RxPDO)

= Remote transmission request of TxPDO
=7 Remote transmission request of RxPDO
= SDO information

=9 .. 15 reserved

Cmd specific data PDO messages: are the process data, e.g. position value
SDO messages: standard CANopen frame

Transmit (tx) or receive (rx) "Type" is viewed from the Slave side.

9.2.3 Process Data Objects (PDO)

PDO messages are used for transmitting or receiving process data in real time;
data to be transmitted or received is defined in PDO Mapping and managed by
Sync Manager PDO Mapping.

9.2.4 Service Data Objects (SDO)

SDO messages are issued via Mailbox (low priority data); Segmented SDO Service
and SDO Complete Access are not supported (transfer of low size data and one
sub-index at a time).

“CoE Cmd type" =2or 3

Structure of “Cmd specific data":

Cmd specific data
SDO control Index Sub index Data Data optional
8 bits 16 bits 8 bits 32 bits 1... 1470 bytes

SDO control standard CANopen SDO Service

Index parameter index
Sub index parameter sub-index
Data parameter value

Data optional  optionally, more then 4 bytes of data can be sent in one frame.
Full mailbox size usable.

Index and sub-index values are described in the "Object dictionary".
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9.2.5 Object dictionary

The most important part of a device profile is the Object Dictionary. The Object
Dictionary is essentially a grouping of objects accessible via the network in an
ordered, pre-defined mode. Each object within the dictionary is addressed using
a 16-bit index.

The Object Dictionary can contain a maximum of 65,536 entries.

The user-related objects are grouped in three main areas: the Communication
Profile Area, the Manufacturer Specific Profile Area and the Standardised Device
Profile Area. The objects are all described in the XML file.

The Communication Profile Area at indexes from 1000h to 1FFFh contains the
communication specific parameters for the EtherCAT network. These entries are
common to all devices. PDO objects and SDO objects are described in this
section. The Communication Profile Area objects comply with the "CiA Draft
Standard Proposal 301. Application Layer and Communication Profile". Refer to
the "Communication Profile Area objects (DS301)" section on page 72.

The Manufacturer Specific Profile Area at indexes from 2000h to 5FFFh is
free to add manufacturer-specific functionality. No items are available in this
area.

The Standardised Device Profile Area at indexes from 6000h to 9FFFh
contains all data objects common to a class of devices that can be read or
written via the network. The device profiles may use entries from 6000h to
9FFFh to describe the device parameters and the device functionality. The
Standardised Device Profile Area objects comply with the "CiA Draft Standard
406 CANopen Device profile for encoders”. Refer to the "Standardised Profile
Area objects (DS406)" section on page 78.

In the following pages the objects implemented are listed and described as
follows:

Index-subindex Object name
[data types, attribute]

* Index and sub-index are expressed in hexadecimal notation.
* Attribute:

ro = read only access

rw = read and write access

Signed8 | Unsigned8 data type:

Process data bytes
byte 4
716]5]4]3]2]1]0
MSbit | .. | LSbit
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Signed16 [ Unsigned 16 data type:

Process data bytes

byte 4

byte 5

LSByte

MSByte

Signed32 [ Unsigned32 data type:

Process data bytes

byte 4

byte 5 byte 6

byte 7

[SByte

MSByte

NOTE

Always save the new values after setting in order to store them in the non-
volatile memory permanently. Use the 1010-01 Store parameters object, see

on page 73.

Should the power supply be turned off all data that has not been saved
previously will be lost!
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Communication Profile Area objects (DS301)

1000-00 Device type
[Unsigned32, ro]
It contains information about the device type. The object describes the type of
device and its functionality.
Default = 0001 0196h = singleturn encoder, in compliance with DS 406
0002 0196h = multiturn encoder, in compliance with DS 406

1008-00 Device Name

[String, ro]
It shows the manufacturer device name, expressed in hexadecimal ASCII code.
Default = 4853353878h = "HS58x" = singleturn encoder version,
XAC7718/1EC singleturn encoder
484D353878h = "HM58x" = multiturn encoder version,

XAC7716/16384EC multiturn encoder

1009-00 Hardware version

[String, ro]

It shows the hardware version of the device, expressed in hexadecimal ASCII
code.

EXAMPLE
483031h = HO1 = Hardware version 01

Default = device dependent

100A-00 Software version

[String, ro]

It shows the software version of the device, expressed in hexadecimal ASCII
code.

EXAMPLE
533032h = S02 = Software version 02

Default = device dependent
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1010-01 Store parameters

[Unsigned32, rw]

Use this object to save all parameters on the non-volatile memory.

Write "save" in hexadecimal ASCII code in the data bytes:

Master = Encoder
Cmd specific data
Cmd Index Sub Data
23 10 | 10 [ o1 73 | 61 76 65
S a v e
Encoder = Master (confirmation)
Cmd specific data
Cmd Index Sub Data
60 | 10 | 10 | o1 00 | oo | oo | o0

1011-01 Restore default parameters

[Unsigned32, rw]

This object allows the operator to restore all parameters to default values. The
default parameters are set at the factory by Lika Electronic engineers to allow
the operator to run the device for standard operation in a safe mode. A list of
machine data and relevant default parameters preset by Lika Electronic
engineers is available on page 90.
Write "load" in hexadecimal ASCII code in the data bytes:

Master = Encoder
Cmd specific data
Cmd Index Sub Data
23 11 | 10 [ o1 6C | 6F | 61 64
| 0 a d
Encoder = Master (confirmation)
Cmd specific data
Cmd Index Sub Data
60 11 | 10 | o1 00 | oo | oo | 00

NOTE

To save the default values execute the "Store parameters” function (see the
1010-01 Store parameters object). When the power is turned off, parameters

not saved are lost.
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1018 Identity

[Usigneds8, ro]

This object contains general information about the device. Sub-index 00
contains the number of the entries.

Default = 4

01 Vendor ID

[Unsigned32, ro]

It provides the manufacturer-specific vendor ID. The EtherCAT vendor ID is the
same as the CANopen vendor ID.

Default = 0000 012Eh

02 Product code

[Unsigned32, ro]

The manufacturer-specific product code identifies a specific device version.
Default = 0100 0000h

03 Revision

[Unsigned32, ro]

The manufacturer-specific revision number consists of a major revision number
and a minor revision number. The major revision number identifies a specific
device behaviour. The minor revision number identifies different version with
the same device behaviour.

Default = device dependent

7 0 15 8 23 16 | 31 24

Minor revision number Major revision number
LSB MSB

04 Serial number

[Unsigned32, ro]

It provides the Serial Number of the device. It is O if no serial number is
provided.

Default = 0000 0000h

1A00-01 PDO mapping parameter

[Usigned8, ro]

This object contains the mapping parameters for the PDOs the EtherCAT device
is able to transmit. Sub-index 00 contains the number of entries.

01 Mapped Object 001

[Unsigned32, rw]

Sub-index 01 contains the information of the mapped application object 001.
The object describes the content of the PDO by its index, sub-index and length.
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The length contains the length of the application object in bits. This may be
used to verify the mapping.

7 0 |15 8 | 23 16 | 31 24
Length Sub-Index Index
LSB MSB

Default = 6004 0020h = 6004-00 Position value object, length 32 bits

1C00 Sync Manager Communication Type

[Unsigneds, ro]

This object contains the number and type of Sync Manager Communication
Types supported by the encoder. Sub-index 00 specifies the number of Sync
Manager channels. Refer also to the “"Sync Manager” section on page 65.

01 SM MailBox Receive (SMO0)

[Unsigneds8, ro]

Used for mailbox write transfers (Master to Slave).
Default = 01h

02 SM MailBox Send (SM1)

[Unsigneds, ro]

Used for mailbox read transfers (Slave to Master).
Default = 02h

03 SM PDO output (SM2)

[Unsigneds8, ro]

It contains the RxPDOs (i.e. Sync Manager 2 holds the Read Process Data).
Default = 03h

04 SM PDO input (SM3)

[Unsigneds, ro]

It contains the TxPDOs (i.e. Sync Manager 3 holds the Write Process Data).
Default = 04h

1C12-00 Sync Manager RxPDO Assigned

[Unsigned8, ro]

This object specifies whether the device uses Receive PDO messages. This device
does not support Receive PDO messages.

Default = 00h
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1C13-01 Sync Manager TxPDO Assigned

[Unsigned32, ro]

This object specifies whether the device uses Transmit PDO messages. Sub-index
00 specifies the number of entries, i.e. the number of assigned TxPDOs.

01 Subindex 001
This device uses TxPDO messages to send the position value.
Default = 0000 1A00h = TA00-01 PDO mapping parameter object

1C33 Sync Manager input parameter

1C33 Sync Manager input parameter object contains the input
synchronization parameters. Some of them are calculated dynamically and
depend on both the encoder configuration (programmed resolution, counting
direction, ...) and the synchronization mode (SM or DC). Sub-index 00 contains
the number of entries.

01 Sync Type

[Unsigned 16, rw]

It allows to select the synchronization mode. For more information refer to page
62.

0: FreeRun: see on page 62;

1: Synchronous with SM3 Event: see on page 63;

2: DC mode synchronous with SYNCO event: see on page 63.

Default = 1

02 Cycle time

[Unsigned32, ro]

This parameter depends on the 01 Sync Type selected. Application cycle time,
ie. interval between two position samplings (internal timer). The value is
expressed in nanoseconds (ns).

If 0 = "FreeRun": interval between two position samplings (internal timer).

If 1 ="Synchronous with SM3": minimum interval between two SM3 events.

If 2 ="DC mode synchronous with SYNCO event": SYNCO cycle time.

03 Shift Time

[Unsigned32, ro]

Interval between the synchronization event and the moment of inputs latching
from hardware. This parameter is calculated dynamically and expressed in
nanoseconds (ns).

04 Sync modes supported

[Unsigned186, ro]

It shows the list of the supported synchronization modes.
bit O: FreeRun (supported)

bit 1: Synchronous with SM3 (supported)

bit 2: Synchronous with DC SYNCO (supported)

Default =7
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05 Minimum cycle time

[Unsigned32, ro]

Min. duration of the encoder internal cycle time. This parameter is calculated
dynamically and depends on the operating parameters and the position value. It
is expressed in nanoseconds (ns).

06 Calc and Copy time

[Unsigned32, ro]

Time the internal micro-controller (DSP) needs to make calculations on latched
optical reading of position and then copy updated data from local memory to
ESC memory (Sync Manager) before they are available to EtherCAT. This
parameter is calculated dynamically and depends on the operating parameters
and the position value. It is expressed in nanoseconds (ns).

NOTE

Always save the new values after setting in order to store them in the non-
volatile memory permanently. Use the 1010-01 Store parameters object, see
on page 73.

Should the power supply be turned off all data that has not been saved
previously will be lost!
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Standardised Profile Area objects (DS406)

6000-00 Operating parameters
[Unsigned16, rw]

Bit Function bit=0 bit=1
0 Code sequence CW. CCw (cognter
(clockwise) clockwise)
1 not used
2 Scaling function Disabled Enabled
3..15 not used

Default values are highlighted in bold
Default = 0000h

Code sequence

This is intended to set whether the count is increasing (count ip information)
when the shaft of the rotary encoder rotates clockwise (CW) or counter-
clockwise (CCW). Setting 0 (bit 0 = 0) causes the encoder counting to increase
when the encoder shaft rotates clockwise; setting 1 (bit O = 1) causes the
encoder counting to increase when the encoder shaft rotates counter-clockwise.
CW and CCW rotations are viewed from the shaft end.

To know whether the Code sequence is currently set to CW or CCW, you can
read the bit 0 Code sequence in the 6500-00 Operating status object, see on
page 84.

WARNING

Every time you change the Code sequence, then you are required to set a new
preset value (see the 6003-00 Preset object) and finally save the new
parameters (see the 1010-01 Store parameters object).

Scaling function

This is meant to disable (0) / enable (1) the scaled parameters 6001-00 Units
per revolution and 6002-00 Total Measuring Range.

When the scaling function is disabled (bit 2 = 0), the encoder uses the physical
singleturn resolution and the physical multiturn resolution (i.e. the hardware
counts per revolution and the number of hardware revolutions, see the encoder
identification label and the objects 6501-00 Hardware counts per revolution
and 6502-00 Hardware number of turns) to arrange the absolute position
information; the 6001-00 Units per revolution and 6002-00 Total
Measuring Range objects are ignored.

On the contrary, when the scaling function is enabled (bit 2 = 1), the user is
allowed to enter the custom singleturn resolution in the 6001-00 Units per
revolution object and the custom total resolution in the 6002-00 Total
Measuring Range object and these values are used to calculate the position
information.
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To know whether the Scaling function is currently enabled, you can read the
bit 2 Scaling function of the 6500-00 Operating status object, see on page
84.

WARNING

Every time you enable the scaling function and/or change the scaling values (see
the 6001-00 Units per revolution and 6002-00 Total Measuring Range
objects), then you are required to set a new preset value (see the 6003-00
Preset object) and finally save the new parameters (see the 1010-01 Store
parameters object).

6001-00 Units per revolution
[Unsigned32, rw]

WARNING
This object is active only if the bit 2 Scaling function in the 6000-00
Operating parameters object is set to "=1"; otherwise it is ignored and the
system uses the physical values (6501-00 Hardware counts per revolution
and 6502-00 Hardware number of turns) to calculate the position
information.

This object sets a custom number of distinguishable steps per revolution
(custom singleturn resolution).
To avoid counting errors, check that

6501-00 Hardware counts per revolution

6001-00 Units per revolution

= integer value

You are allowed to set whatever integer value less than or equal to the
maximum number of physical steps per revolution (see the hardware counts
per revolution in the encoder identification label and the 6501-00 Hardware
counts per revolution object).

Default = 0040 0000h (262,144) for XAC7718/1EC singleturn encoder
0001 0000h (65,536) for XAC7716/16384EC multiturn encoder

WARNING

When you set a new value next to the 6001-00 Units per revolution object,
please always check also the 6002-00 Total Measuring Range object value
and be sure that the resulting number of revolutions complies with the
Hardware number of revolutions of the device (see the 6502-00 Hardware
number of turns object).
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6002-00 Total Measuring Range
6001-00 Units per revolution

< Number of physical revolutions

Let's suppose that the XAC7716/16384EC multiturn encoder is programmed as
follows:

6001-00 Units per revolution: 65,536 cpr

6002-00 Total Measuring Range = 268 435 456,, = 65,536 (cpr) * 4,096 (rev.)
Let's set a new singleturn resolution, for instance: 6001-00 Units per
revolution = 360 cpr.

If we do not change the 6002-00 Total Measuring Range value at the same
time, we will get the following result:

268 435 456 (6002-00 Total

Measuring Range)
Number of revolutions = : = 745,654.04...
360 (6001-00 Units per

revolution)

As you can see, the encoder is required to carry out more than 745000
revolutions, this cannot be because the hardware number of revolutions can be
max. 16,384. When this happens, the encoder falls into an error.

WARNING

When you enable the scaling function (bit 2 Sealing function = 1), please enter
scaled values next to the 6001-00 Units per revolution and 6002-00 Total
Measuring Range objects that are consistent with the physical values. In the
case of inconsistent values, the system will warn about the wrong
parametrization and fault condition by means of the dedicated objects.

WARNING

Every time you change the scaled values (see the 6001-00 Units per
revolution and 6002-00 Total Measuring Range objects), then you are
required to set a new preset value (see the 6003-00 Preset object).

6002-00 Total Measuring Range
[Unsigned32, rw]

WARNING
This object is active only if the bit 2 Scaling function in the 6000-00
Operating parameters object is set to "=1"; otherwise it is ignored and the
system uses the physical values (6501-00 Hardware counts per revolution
and 6502-00 Hardware number of turns) to calculate the position
information.
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This object sets a custom number of distinguishable steps over the total
measuring range. The total resolution of the encoder results from the product of
6001-00 Units per revolution by the required Number of revolutions.

You are allowed to set whatever integer value less than or equal to the overall
hardware resolution (see the encoder identification label as well as 6501-00
Hardware counts per revolution and 6502-00 Hardware number of turns
objects). The overall hardware resolution results from:

6501-00 Hardware counts per revolution * 6502-00 Hardware number of
turns.

We recommend the Number of revolutions to be set to a power of 2.

The set Number of revolutions results from the following calculation:

6002-00 Total Measuring Range
6001-00 Units per revolution

Number of revolutions =

Setting the Number of revolutions to a value which is a power of 2 is meant
to avoid problems when using the device in endless operations requiring the
physical zero to be overstepped. If you set the Number of revolutions which is
not a power of 2, a counting error is generated before the physical zero.

Default = 0040 0000h (262,144) for XAC7718/1EC singleturn encoder
4000 0000h (1 073 741 824) for XAC7716/16384EC multiturn
encoder

WARNING

When you set a new value next to the 6002-00 Total Measuring Range
object, please always check also the 6001-00 Units per revolution object
value and be sure that the resulting number of revolutions complies with the
Hardware number of revolutions of the device (max. 16,384 revolutions).

Let's suppose that the XAC7716/16384EC multiturn encoder is programmed as
follows:

6001-00 Units per revolution: 65,536 cpr

6002-00 Total Measuring Range = 1 073 741 8244, = 65,536 (cpr) * 16,384
(rev.)

Let's set a new total resolution, for instance: 6002-00 Total Measuring Range
= 360.

As the 6002-00 Total Measuring Range must be greater than or equal to the
6001-00 Units per revolution, the above setting is not allowed.

WARNING

Every time you change the value in this object then you are required to set a
new preset value (see the 6003-00 Preset object) and finally save the new
parameters (see the 1010-01 Store parameters object).
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EXAMPLE

We install the XAC7716/16384EC multiturn rotary encoder.

The physical resolution is as follows:

e Physical singleturn resolution: 6501-00 Hardware  counts  per
revolution = 65,536 (2'°)

e Physical multiturn resolution:  6502-00 Hardware number of turns =
16,384 turns (2')

e Total hardware resolution: 6501-00 Hardware counts per
revolution * 6502-00 Hardware number of turns = 1 073 741 824 (2'° +
M _ 230]

In the specific installation 2,048 counts/rev. * 1,024 turns are required:
e Enable the scaling function:6000-00 Operating parameters, bit 2 Scaling
function = "1"

e Singleturn resolution: 6001-00 Units per revolution = 2,048 (0000
0800h)
e Multiturn resolution: 6002-00 Total Measuring Range = 2,048 *

1,024 = 2 097 152 (0020 0000h)

NOTE

We suggest setting values which are power of 2 (2": 2, 4, ..., 2048, 4096, 8192,...)
to be set in the 6001-00 Units per revolution and 6002-00 Total
Measuring Range objects to avoid counting errors.

WARNING

If 6001-00 Units per revolution andfor 6002-00 Total Measuring Range
values change, the 6003-00 Preset object must be updated according to the
new resolution. A new preset operation is required.

6003-00 Preset

[Unsigned32, rw]

This object allows to set the encoder position to a Preset value. The Preset
function is meant to assign a desired value to a physical position of the encoder.
The chosen physical position will get the value set next to this object and all the
previous and following positions will get a value according to it. This function
can be useful, for instance, when the zero position of the encoder and the zero
position of the axis need to match. The preset value will be set for the position
of the encoder in the moment when the preset value is sent. We suggest setting
the preset value when the encoder is in stop.

Default = 0000 0000h
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EXAMPLE

Let's take a look at the following example to better understand the preset
function and the meaning and use of the related objects and commands: 6003~
00 Preset and 6509-00 Offset.

The encoder position which is transmitted results from the following
calculation:

Transmitted value = read position (it does not matter whether the position is
physical or scaled) + 6003-00 Preset - 6509-00 Offset.

If you never set the 6003-00 Preset and you never performed the preset
setting, then the transmitted value and the read position are necessarily the
same as 6003-00 Preset = 0 and 6509-00 Offset = 0.

When you set the 6003-00 Preset and then execute the preset setting, the
system saves the current encoder position in the 6509-00 Offset object. It
follows that the transmitted value and the 6003-00 Preset are the same as
read position - 6509-00 Offset = 0; in other words, the value set next to the
6003-00 Preset object is paired with the current position of the encoder as
you wish.

For example, let's assume that the value "50" is set next to the 6003-00 Preset
object and you execute the preset setting when the encoder position is “1000".
In other words, you want to receive the value "50" when the encoder reaches
the physical position “1000".

We will obtain the following information sequence:

Transmitted value = read position (="1000") + 6003-00 Preset (="50") -
6509-00 Offset (="1000") = 50.

The following transmitted value will be:

Transmitted value = read position (="1001") + 6003-00 Preset (="50") -
6509-00 Offset (="1000") = 51.

And so on.

To set the preset value you must send the following command:
Set the Preset value 6003-00 Preset (= 1000 = 3E8h)

Master = Encoder

Cmd specific data
Cmd Index Sub Data
23 | 03 | 60 | 00 E8 | 03 | oo | o0

Encoder = Master (Set confirmation)
Cmd specific data
Cmd Index Sub Data
60 | 03 | 60 | 00 | o0 | oo | oo | o0

NOTE
* If the scaling function is disabled (see the bit 2 Scaling function in the
6000-00 Operating parameters object = 0), then 6003-00 Preset
must be less than or equal to the total hardware resolution (i.e. 6501-
00 Hardware counts per revolution * 6502-00 Hardware number
of turns) - 1.
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* If the scaling function is enabled (see the bit 2 Scaling function in the
6000-00 Operating parameters object = 1), then 6003-00 Preset
must be less than or equal to 6002-00 Total Measuring Range - 1.

WARNING

Check the value in the 6003-00 Preset object and perform the preset
operation every time you change the value next to the Code sequence
parameter or the 6001-00 Units per revolution andfor 6002-00 Total
Measuring Range objects.

6004-00 Position value

[Unsigned32, ro]

This object contains the information about the current position of the encoder.
The output value is scaled according to the scaling parameters, if the scaling
function is enabled, see the bit 2 Scaling function of the 6000-00 Operating
parameters object. The 6004-00 Position value object is mapped in the
1A00-01 PDO mapping parameter object, see on page 74.

6500-00 Operating status
[Unsigned186, ro]

Bit Function bit=0 bit =1
CW CCW Counter-
0 Code sequence . .
Clockwise clockwise
1 not used
2 Scaling function Disabled Enabled
3...15 not used

Code sequence

It shows the value that is currently set through the bit 0 Code sequence in the
6000-00 Operating parameters object. If the bit is "=0" the output encoder
position value has been set to increase when the encoder shaft rotates
clockwise; if the bit is "=1" instead the output encoder position value has been
set to increase when the encoder shaft rotates counter-clockwise. To set the
code sequence to either CW or CCW you must set the bit 0 Code sequence in
the 6000-00 Operating parameters object to O [ 1. For any further
information on setting and using the counting direction function refer to the
6000-00 Operating parameters object on page 78.

Scaling function

It shows the value that is currently set through the bit 2 Scaling function in
the 6000-00 Operating parameters object. In other words, it is intended to
show whether the scaling function is enabled or disabled. If the bit is "=0", the
scaling function is disabled; if the value is "=1" instead the scaling function is
enabled. To disable / enable the scaling function you must set the bit 2 Scaling
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function in the 6000-00 Operating parameters object to 0 / 1. For any
further information on setting and using the scaling function refer to the
6000-00 Operating parameters object on page 78.

6501-00 Hardware counts per revolution
[Unsigned32, ro]

WARNING

This object is active only if the bit 2 Scaling function in the 6000-00
Operating parameters object is set to "=0"; otherwise it is ignored and the
system uses the custom values (6001-00 Units per revolution and 6002-00
Total Measuring Range) to calculate the position information.

This object is intended to show the number of physical distinguishable steps
provided per each turn by the hardware (physical singleturn resolution, see the
hardware counts per revolution in the encoder identification label).

If you want to set a custom singleturn resolution see the 6001-00 Units per
revolution object.

6502-00 Hardware number of turns
[Unsigned32, ro]

WARNING

This object is active only if the bit 2 Scaling function in the 6000-00
Operating parameters object is set to "=0"; otherwise it is ignored and the
system uses the custom values (6001-00 Units per revolution and 6002-00
Total Measuring Range) to calculate the position information.

This object is intended to show the number of physical turns provided by the
hardware of the encoder (physical multiturn resolution, see the hardware
revolutions in the encoder identification label).

The Total hardware resolution results from 6501-00 Hardware counts per
revolution * 6502-00 Hardware number of turns.

If you want to set a custom number of turns see the 6001-00 Units per
revolution and 6002-00 Total Measuring Range objects.

6503-00 Errors

[Unsigned186, ro]

The corresponding bits of supported errors are set (see the 6504-00 Supported
errors object).
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6504-00 Supported errors

[Unsigned186, ro]

This object contains the information on the error alarms supported by the
encoder. No error alarms are supported in this encoder.

Default = 0000h (No errors supported).

6505-00 Warnings

[Unsigned16, ro]

The corresponding bits of supported warnings are set (see the 6506-00
Supported warnings object).

6506-00 Supported warnings

[Unsigned16, ro]

This object contains the information on the warnings supported by the encoder.
bits 0 ... 11 = not supported

bit 12 = wrong parameters loaded from flash memory at power-on.

bits 13 ... 15 = not supported

Default = 1000h

6509-00 Offset

[Unsigned32, ro]

This object contains the Offset value. As soon as you activate the preset, the
current position of the encoder is saved in this object. The offset value is then
used in the preset function in order to calculate the encoder position value to
be transmitted. To zero set the value in this object you must upload the factory
default values (see the 1011-01 Restore default parameters object on page
73).

For any further information on the preset function and the meaning and use of
the related objects 6003-00 Preset and 6509-00 Offset refer to page 82.

NOTE

To save the new parameters execute the store parameters function (see the
1010-01 Store parameters object on page 73).

When the power is turned off, parameters not saved are lost.

MAN XAC77 EC E 1.0.0dt 9 - EtherCAT® interface 86 of 92



XAC77 EtherCAT

lika
9.2.6 SDO Abort codes

SDO transfer could be unsuccessful; causes of error are listed and described in
the SDO Abort Codes. Here follows the list of the available SDO Abort Codes. For

complete information see ETG1000.6 “EtherCAT Specification - Part 6.
Application Layer protocol specification”, par. 5.6.2.7.2 table 40.

Abort code Description

0503 0000h | Toggle bit not changed.

0504 0000h | SDO protocol timeout.

0504 0001h | Client/Server command specifier not valid or unknown.

0504 0005h | Out of memory.

0601 0000h |Unsupported access to an object.

0601 0001h | Attempt to read a write only object.

0601 0002h | Attempt to write a read only object.

0602 0000h | The object does not exist in the object dictionary.

0604 0041h | The object cannot be mapped into the PDO.

0604 0042h Iehnegﬁy?,mber and length of the objects to be mapped would exceed PDO
0604 0043h | General parameter incompatibility reason.

0604 0047h | General internal incompatibility in the device.

0606 0000h | Access failed due to a hardware error.

0607 0010h | Data type does not match, length of service parameter does not match
0607 0012h | Data type does not match, length of service parameter too high

0607 0013h Data type does not match, length of service parameter too low

0609 0011h | Subindex does not exist.

0609 0030h | Value range of parameter exceeded (only for write access).

0609 0031h | Value of parameter written too high.

0609 0032h | Value of parameter written too low.

0609 0036h | Maximum value is less than minimum value.

0800 0000h | General error

0800 0020h | Data cannot be transferred or stored to the application.

0800 0021h CDjr:irginnot be transferred or stored to the application because of local
0800 0022h Ef\et:erc]ir;jr]e(\)ﬁct;e;;igsferred or stored to the application because of the
0800 0023h grbejseecr:t.dictionary dynamic generation fails or no object dictionary is
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9.2.7 Emergency Error Codes

Emergency Service is used by the Server for transmitting diagnostic messages to
the client using MailBox; Error Codes are listed and described in the ETG1000.6
“EtherCAT Specification - Part 6. Application Layer protocol specification”, par.
5.6.4.2 table 50.

Error Code | Error Register Diagnostic Data
Byte (0) | Byte (1) Byte (2) Byte (3) | Byte (4)| Byte (5) | Byte (6)| Byte (7)

Error Code State Transition Errors of state machine:
(for detailed description see ETG1000.6 par. 5.6.4.3)
AO00Ohex: transition error from PRE-OPERATIONAL to
SAFE-OPERATIONAL
A001Thex: transition error from SAFE-OPERATIONAL to

OPERATIONAL
Encoder errors:
5000hex: Hardware error
5001hex: Diagnostic data (wrong parameters loaded

from flash memory)
Error Register EtherCAT state machine current status (ESM)

Diagnostic Data  information about possible error causes (see ETG1000.6 par.
5.6.4.3.2-5).

9.2.8 AL Status Error Codes

If the state transition requested by the Master through the "AL Control Register"
is unsuccessful, the Slave sets to 1 the "Error Indicator Bit" in "AL Status
Register” and writes the cause of the error in "AL Status Code Register”.

Values and descriptions of “AL Status Code" are available in ETG1000.6
“EtherCAT Specification - Part 6. Application Layer protocol specification”,
par.5.3.2 Table 11.
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9.3 File Over EtherCAT (FoE)

Lika encoders are devices that allow the firmware update using the protocol
"File over EtherCAT (FoE)".

For any specification on FoE protocol, please refer to "ETG.1000 EtherCAT
Specification” document available at the address www.ethercat.org.

Please refer also to the "8.7 Firmware upgrade” section on page 53.
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10 — Default parameters list

Default values are expressed in hexadecimal notation.

Parameters list

Default values

1000-00 Device type

0001 0196 =
singleturn encoder
0002 0196 =
multiturn encoder

1008-00 Device
Name

4853353878 = "HS58x"
for XAC7718/1EC singleturn
encoder
484D353878 = "HM58x"
for XAC7716/16384EC
multiturn encoder

1009-00 Hardware
version

device dependent

100A-00 Software
version

device dependent

1018 Identity

01 Vendor ID 0000 012E
02 Product code 0100 0000
03 Revision device dependent
04 Serial number 0000 0000
1A00-01 PDO

mapping parameter

01 Mapped Object

001 6004 0020
6000-00 Operating 0000

parameters

6001-00 Units per
revolution

0040 0000 (262,144)
for XAC7718/1EC singleturn
encoder
0001 0000 (65,536)
for XAC7716/16384EC
multiturn encoder

0040 0000 (262,144)
for XAC7718/1EC singleturn

6002-00 Total encoder
Measuring Range | 4000 0000 (1 073 741 824)
for XAC7716/16384EC
multiturn encoder
6003-00 Preset 00000 0000
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