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1 Introduction
1.1  About this Document

This manual describes the ACURO AC58 EtherCAT" family of absolute shaft encoders, including
specifications, dimensions, software, commissioning and parameterization.

1.2 Terms, Abbreviations and Definitions

CiA CAN in Automation

CoE CANopen over EtherCAT

DC Distributed Clocks

DS (CiA) Draft Standard

ECS EtherCAT Slave

EoE Ethernet over EtherCAT

ENI EtherCAT Network Information

ESI EtherCAT Slave Information

ESM EtherCAT State Machine

ETG EtherCAT Technology Group

FoE File Access over EtherCAT

FSoE Failsafe over EtherCAT

IEEE Institute of Electrical and Electronics Engineers
IP Internet Protocol

IRQ Interrupt Request

ISO International Organization for Standardization
LSB Least Significant Byte

LVDS Low Voltage Differential Signals

MSB Most Significant Byte

oSl Open Systems Interconnection

PDO Process Data Object

SDO Service Data Object

SMo...3 Sync Manager 0...3

SoE Servo drive over EtherCAT

TFTP Trivial File Transfer Protocol

TwinCAT The Windows Control and Automation Technology
VoE Vendor specific profile over EtherCAT

8/84 Part No. 2 565 651 Mod. No. 3200716TK



H E N G STI. E R 1 Introduction

XAE TwinCAT Engineering Component

XAR TwinCAT Runtime Component

Tab. 1: Terms, Abbreviations and Definitions

All variables, parameters, and data used in this manual employ the LSB/MSB (“Intel”) data format.
AllIP addresses in this document use host byte order.

1.3 Referenced Documents

This manual refers to the following documents:

[1] IEC 61158 Part 2-6 Type 12 documents (also available for EtherCAT® Technology Group
members as specification documents ETG.1000).

[2] IEEE 802.3-2012, available from http://standards.ieee.org/about/get/802/802.3.html.

[3] CANopen application layer and communication profile, CiA 301, V.4.2.0, CAN in Automation

—

e.V., http://www.can-cia.org, 2011.

[4] Device profile for encoders, CiA 406, V 3.2.0, CAN in Automation e.V., http://www.can-cia.org,
2006.

[5] EtherCAT’ Protocol Enhancements, ETG.1020 S (R) V1.0.0, EtherCAT® Technology Group,
http://www.ethercat.org/, 2011.

[6] EtherCAT Network Information Specification ETG.2100 S (R) V1.0.0, EtherCAT’ Technology
Group, http://www.ethercat.org/, 2009.

[71 The TFTP Protocol (Revision 2), RFC1350, Internet Engineering Task Force,
http://tools.ietf.org/html/rfc1350.

[8] TwinCAT 3 documentation, part of Beckhoff Information System, see
http://infosys.beckhoff.com/content/1033/tcinfosys3/html/startpage.htm?id=12332 (English).

[9] Hengstler AC58 EtherCAT Installation Instructions, Art. No. 2 565 653, available from Hengstler
GmbH.

[10] Hengstler AC58 EtherCAT Technical Manual, German language, Art. No. 2 565 652.

Mod. No. 3200716TK Part No. 2 565 651 9/84
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2.1

2.2

2.3

2.4

2.5

2.6

2.7

Safety, Installation and Operation Hints

Care must be taken when installing and using this product. Please refer to Hengstler Installation
Instructions Article No. 2 565 653 for detailed information on safety and installation. While much of
this information is repeated below, the full, multilingual document should be used to ensure correct
and safe installation.

Authorized personnel

This encoder should only be installed or uninstalled by a qualified technician, as the unit contains
sensitive electronic circuitry.

Risk of injury due to rotating parts

Hair, jewelry or articles of clothing may become caught in rotating shafts or other parts! Prior to
commencing any work, disconnect all power supplies and ensure that the working environment is
Safe!

Risk of injury due to safety-critical applications

When the AC58 EtherCAT encoder is used in safety-critical applications which could threat life or
physical condition, it is required that position related data supplied by the encoder is checked on
plausibility before being used within applications.

Risk of damage due to static electricity

The CMOS modules contained in this encoder are very sensitive to high voltages, such as those that
can arise due to friction in clothing or shoes. Do not touch connector contacts or electronic
components!

Risk of damage due to mechanical overload

Rigid mounting will cause constraining forces which will permanently overload and damage the
bearings. Never restrict the freedom of movement of the encoder! Use only the enclosed sheet
metal springs or a suitable coupling when mounting the unit!

Risk of damage due to mechanical shock

Violent shocks, e.g. hammer blows, can lead to damage of the optical sensing system and the ball
bearings. Never use force! Assembly is simple provided that correct procedures are followed.

Risk of damage due to overloading

The unit may only be operated within the electrical, mechanical and other limits specified in the
technical data.

10/84
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H E N G STI. E R 2 Safety, Installation and Operation Hints

2.8 Over-voltage

Over-voltage at the connecting terminals must be limited to over voltage-class-I values (SELV).

2.9 Dragline mounting prohibited

The connecting cable is not rated for dragline mounting, only for fixed mounting of the encoder.

2.10 Component

This encoder is a component intended for mounting to other equipment (motor, machine, etc.). It is
not intended for direct sale to the end customer.

2.11 CE Mark

Manufacturers integrating this encoder into their products are responsible for compliance with CE
guidelines, and for proper use of the CE mark.

Mod. No. 3200716TK Part No. 2 565 651 11/84
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3 General Information

3.1 Introduction

We all know that no two industrial applications are alike. That’s why the Hengstler AC58 absolute
encoder is available with an incredible array of different options and features, including 22-bit
single-turn resolution. But what if our standard variants don’t meet your needs? Then Hengstler is
able to offer custom versions to fulfill your requirements! Extended temperature range, greatly
enhanced shock and vibration ratings, and custom shaft sizes and shapes are just a few of the
features we’ve provided our customers recently. This flexibility makes the Hengstler AC58 one of the
most versatile encoders on the market, in addition to being one of the most robust.

Now the AC58 product line has been expanded by the addition of the popular EtherCAT interface.
Use of systems employing this open, high performance Ethernet-based system continues to grow
rapidly. By offering the AC58 with EtherCAT’, users can now integrate one of the best absolute
encoders on the market with virtually any system using EtherCAT". This simplifies the design
process and ensures reliable communications.

3.2 Fields of Application

The field of application for this encoder is industrial processes and controls. Examples of
applications include packaging machines, injection molding machines, wood processing machine,
assembly and handling technology, conveyor technology, printing and paper machines.

12/84 Part No. 2 565 651 Mod. No. 3200716TK



H E N G STI. E R 4 Installation and Operating

4
4.1

4.2

4.3

Installation and Operating

Installation Overview

Initial installation of the Hengstler ACURO AC58 EtherCAT" absolute encoder should be
accomplished by following Hengstler Installation Instructions, Article No. 2 565 653, available for
download from the Hengstler GmbH web site at www.hengstler.com. This document provides
valuable information regarding safety, encoder mounting, wiring, etc. Please be sure to keep
operation of the encoder within the electrical and mechanical limits specified by Hengstler GmbH,
as shown in this and other Hengstler documentation.

Electrical connections and M12 connector pinouts for the encoder can be found in the section
“Bus/Power Connections” in section 11.1. CAT 5, 6 or 7 cables can be used. The maximum distance
between nodes is limited to 100 meters. Note, however, that IP67 and higher protection ratings are
contingent upon the use of an appropriately rated mating connector/cable assembly which has
been properly installed by the user.

Initial Setup

Your Hengstler ACURO AC58 EtherCAT’ absolute encoder comes from the factory ready to install
with the default EtherCAT parameters and settings. (Please see the section “ACURO AC58 EtherCAT
Object Dictionary” for the default values.) If your encoder was ordered with EtherCAT parameters
and/or settings other than the defaults, these will have been loaded at the factory, and will be
detailed in a document accompanying the encoder itself. Should you wish to change these
parameters and/or settings, please refer to the EtherCAT portion (section 5) of this manual. Please
note, however, that certain reset commands will reset any special parameters and/or settings that
were changed at the factory back to their default values. Care must be taken to avoid accidentally
changing desired settings or information while programming.

LED Interpretation

The tables

“Communication LEDs” and “Power LED” explain the states of the Communication LEDs (RUN, ERR
and Link/Activity) and Power LED of the ACURO EtherCAT". The location of the LEDs is as shown in
Figure 1.

”?moo
Amn O
O Power taour O

= ACU ()©

EtherCAT. ™

N POWER our
[T

ot

Fig. 1: ACURO AC58 EtherCAT Connector/LED Locations

Mod. No. 3200716TK Part No. 2 565 651 13/84
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HENGSTLER

The LED Indicator States are defined as follows. (Green indicates LED lit, while indicates LED off.)

—
(=

I W]

(NN N
ITTITTTTTITT]

delay.

| Off: LED is not illuminated at all.

On: LED isilluminated continually.

Single Flash: LED flashes once, then repeats after a long delay.

Double Flash: LED flashes twice in quick succession, then repeats after a long

Blinking: LED flashes on and off continually but slowly with even spacing.
Flickering: LED flashed on and off continually but rapidly with even spacing.

RUN Off green Device isin state INIT
Blinking Device is in state PRE-OPERATIONAL
Single Flash Device is in state SAFE-OPERATIONAL
On Device is in state OPERATIONAL
Flickering Device is in state BOOTSTRAP. Firmware download
operation in progress
ERR Double Flash red Process Data Watchdog Timeout/ EtherCAT Watchdog
Timeout: An application watchdog timeout has occurred
Example: Sync Manager Watchdog timeout
Single Flash Local Error: Slave device application has changed the
EtherCAT state autonomously, due to local error.
Example: Device changes its EtherCAT state from Op to
SafeOpError due to a synchronization error.
Blinking General Configuration Error
Example: State change commanded by master is
impossible due to register or object settings.
Off No Error: The EtherCAT communication of the device is
in working condition
LINK/ACTIVITY | On green Port open (link established), no activity
(L/AIN Flickering Port open (link established), activity (device
L/AOUT) sends/receives Ethernet frames)
off Port closed (no link established)

Tab. 2: Communication LEDs

14/84
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H E N G STI. E R 4 Installation and Operating

The “Power” LED indicates power supply state and device-specific errors.

Power Off Power supply insufficient
Green On Power supply sufficient
Red Blinking Sensor Failure. Possible causes are:
> Sensor not present
> Mismatch in sensor type/resolution between sensor and bus hood
> ERROR bit in BiSS frameis setto 1

7ab. 3: Power LED

Mod. No. 3200716TK Part No. 2 565 651 15/84
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5 EtherCAT®
5.1 EtherCAT® Communication Model

The EtherCAT Communication Model is based on the ISO/OSI Communication Model which employs
seven (7) Layers.

Fig. 2: EtherCAT in the 1SO/0S/ Reference Model

However, in EtherCAT communications, only three layers are used:
» Layer 1 (Physical Layer): 100BASE-TX according to IEC 61158 Part 2 Type 12/ETG 1000 Part 2

Type 12 (reference [1]) and IEEE802.3 (reference [2]).

» Layer2 (Data Link Layer): according to IEC 61158 Part 3&4 Type 12/ETG 1000 Part 3&4. Type 12
(reference [1]).

» Layer7 (Application Layer): according to IEC 61158 Part 5&6 Type 12/ETG 1000 Part 5&6 Type
12 with CoE (CANopen over EtherCAT) communication profile similar to CiA 301 (CANopen
Communication Profile) (reference [3]).

16/84 Part No. 2 565 651 Mod. No. 3200716TK
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5.2 Communication Profile (CiA 301)

The ACURO AC58 EtherCAT® meets the requirements defined in the communication profile (CiA 301,
reference [3]) and in the device profile for encoders (CiA 406, reference [4]).

NOTE! The mentioned documents CiA 301 (reference [3]) and CiA 406 (reference [4]) originate from
CAN in Automation e.V. These are not official ETG documents.

This is done by the mailbox protocol CoE (CANopen over Ethernet) which is a part of the EtherCAT
standard.

EtherCAT allows for

» auto-configuration of the network,

» comfortable access to all device parameters.

» synchronization of the devices,

» cyclic and event-controlled process data processing,
» simultaneous data input and output.

Application (CoE) Application (Process Data)

EtherCAT Slave Controller

Physical Layer
Ethernet/IEEE802.3

Fig. 3: CoE Structure

EtherCAT uses communication objects with different features:
»  Process Data Objects (PDO) for real-time data
P Service Data Objects (SDO) for the transfer of parameters and programs
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5.3

5.4

All device parameters are stored in an object dictionary. The object dictionary contains the
description, data type and structure of the parameters as well as their addresses (index and sub-
index). The directory consists of three parts: communication profile parameters, device profile
parameters and manufacturer specific parameters (section 6,”Object Dictionary”).

Encoder Device Profile (CiA 406)

NOTE! The Encoder Device Profile CiA 406 (reference [4]) has not been officially approved by the
ETG!

This profile describes a binding, but manufacturer-independent definition of the interface for
encoders. The profile not only defines which CoE functions are to be used, but also how they are to
be used. This standard permits an open and manufacturer-independent bus system.

Furthermore, an addressable area is defined in the profile, to which, depending on the
manufacturer, different functions can be assigned.

Basic Introduction to EtherCAT®

EtherCAT" is based on Ethernet according to the IEEE 802.3 standard.
The ETG has introduced the following analogy that might be helpful as starting point to understand
EtherCAT’s “on the fly” principle of process data extraction and insertion:

An EtherCAT slave handles the Ethernet frames passing through quite similar to a
person watching a fast railway train which drives by. The Ethernet frames are like the
entire train, they do not stop. Even when watching the Ethernet frames (or the train)
through a small window, the entire frame (or train) will be observable. The sub-
telegrams are similar to the wagons within the train. They may have variable length.
Single bits (or persons) or entire groups may be “extracted” or “inserted”.

L
Master Slave Slave Slave

—
am am =

Fig. 4: “On the fly” principle of EtherCAT process data extraction and insertion

This means that each slave extracts the data designated to it “on the fly” while passing through and
vice versa it inserts the input data. This causes a delay of only a few nanoseconds. When returning
to the Master at the end of its way, the EtherCAT telegram is already fully processed.

EtherCAT uses a special kind of Ethernet frame (with Ethertype 0x88A4) denominated as EtherCAT
Datagram, see “Structure of EtherCAT datagram” below.

18/84
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54.1

5411

5.4.2
5.4.2.1

Physical Layer

EtherCAT" supports three variants of the IEEE 802.3 standard.:
> 100BASE-TX

> 100BASE-FX

» E-Bus/LVDS

100BASE-TX uses shielded twisted-pair copper cables with two pairs of wires. Cables of categories
CAT 5, 6 or 7 can be used. Available connectors include RJ45 (mainly in non-industrial applications)
and M12 (especially for industrial applications, as the connectors can have protection class IP67).
The distance between two nodes is limited to 100 meters for 100BASE-TX.

100BASE-FX uses fiber-optics of various types. The distance between two nodes is limited to 2 km
for 100BASE-FX.

E-Bus/LVDS is only used for modular devices.

NOTE! The ACURO AC58 EtherCAT uses only 100BASE-TX with M12 connectors.

Topology

EtherCAT’ supports various topologies, such as:
Line

Star

Tree structure

Daisy chain (with or without branches)

vvvyvVvyy

Cable redundancy
The number of devices within an EtherCAT network is limited to 65535.

Data Link Layer
Frame Structure of EtherCAT Datagram

The following Fig. 5, “Structure of EtherCAT datagram, explains the structure of the EtherCAT
datagram:

Fig. 5: Structure of EtherCAT datagram
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The elements of the EtherCAT datagram have the following meaning:

Command This element of the EtherCAT Datagram contains the information regarding
which slave should access the Process Data Unit (PDU).

Index This is a number which is increased by 1 for each PDU in order to identify the
PDU on return.

Command Address This element of the EtherCAT Datagram contains the address of the data the
command will affect. There are different addressing modes, see “EtherCAT®
commands” in the appendix.

Datagram Length This is a 16 bit large element of the EtherCAT Datagram of which 11 bits
specify the length of the data field in bytes (limited to a maximum size 0f1468
bytes).

Flags Various flags (for instance R, M)

IRQ Used internally

Data Field The Data Field contains the data to be transferred with the EtherCAT

Datagram. The length of the Data Field is limited to a maximum size of 1486
bytes.

Expected Working Counter This element of the EtherCAT Datagram contains the expected value for the
working counter on return.

The working counter is increased by 1 for every read, by 2 for every write and
by 3 for every read/write access. So the EtherCAT Master can compare the
actual value of the working counter with the expected one and therefore

detect errors easily.

Tab. 4: Meaning of Elements of EtherCAT Datagram

EtherCAT® Addressing

The EtherCAT standard (document ETG 1020, reference [5]) defines the following methods of
address assignment:
» Automatically by EtherCAT master (topology-based). This is always possible.

» Assignment of “Configured Second Station Alias” by EtherCAT master.
The necessary interfaces and mechanisms for these methods are provided.

5.4.3 Application Layer

5.4.3.1 The EtherCAT®State Machine (ESM)

The states and state changes of the slave application can be described by the EtherCAT State
Machine (ESM).
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Bootstrap

Pre-Operational

Ol

Safe-Operational

OP

Operational

Fig. 6: State Diagram of the EtherCAT State Machine

The ESM implements the following five states:

>

>

INIT: The EtherCAT Slave is initialized in this state. No real process data exchange happens.
Previously stored values are loaded.

PRE-OPERATIONAL: Initialization of the EtherCAT Slave continues. No real process data
exchange happens. The master and the slave communicate acyclically via mailbox to set
parameters; this means parameterization via SDO is already possible.

SAFE-OPERATIONAL: In this state, the EtherCAT Slave can process input data. However, the
output data are set to a “safe” state. Input data can be written in this state to the default input
Sync Manager (usually SM3). However, the outputs are in “safe” state. This means, the
EtherCAT master is able to read position values from the ACURO AC58 encoder.
OPERATIONAL: In this state, the EtherCAT Slave is fully operational. This means, the EtherCAT
master is able to read position values from the ACURO encoder in real-time.

BOOTSTRAP: This is a special state for the boot-up process.

For a more precise description, see the EtherCAT specification (reference [1]).

5.4.4 Synchronization and Distributed Clocks

Synchronization can either be accomplished using a SyncManager or using the most accurate
available synchronization mechanism, namely the distributed clocks (DC) technology.

NOTE! ACURO AC58 EtherCAT supplies the synchronization signal SYNCO.

Mod. No. 3200716TK Part No. 2 565 651 21/84




5 EtherAT® HENGSTLER

5441

5.4.4.2

Synchronization with Synch Manager

The default synchronization mode of the ACURO EtherCAT’ slave allows synchronization with the
SyncManager 3 (SM3).
The following figure shows an event sampling diagram for this synchronization mode:

Cyclic read Erame n Frame n+1
by master

[¢——— (Cylce time——— »

<+—Min cylce time—»;

e > t
Sample + Sample +
Cal & copy Cal & copy
Data sampling ll | i
process at slave v vy
— 7]«

SM3 Event

Sync to SM event sampling diagram

Fig. 7: Time Diagram Synchronization with Sync Manager

Distributed Clocks

The devices in an EtherCAT’ network can be synchronized by means of the distributed clock (DC)
mechanism. Each EtherCAT Slave with DC support has its own local clock. After power on, the local
clock of every slave is not synchronized to the global reference clock. In order to synchronize the
devices, one of the slaves will be usually selected and used as a reference clock. This reference clock
provides the system time for other devices. All other slaves and the master should synchronize
themselves to the reference clock.

The bus is controlled by the EtherCAT Master sending EtherCAT frames according to the bus cycle. If
the EtherCAT Master supports the distributed clock function, then it can use a special EtherCAT
datagram to distribute the system time in the network. The EtherCAT Master sends this datagram
cyclically allowing the selected reference clock slave to insert the reference system time and all
other slaves to read it.

It is convenient to select the first slave to be a reference clock. Because of the ring topology of the
EtherCAT network the datagram will come back to the master after passing each slave. In this way,
the latency and jitter of the clock distribution is minimized.
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2.5
5.5.1

5.5.2

L
P .C’ EtherCAT EtherCAT
Motion ]
control mastercg I | I
10 Drive Drive
l————————
Sync data @ @ @
exchange dt
N —
Master Reference Slave
Clock Clock Clock
Bus
Cycle

Fig. 8: EtherCAT network with Distributed Clock function.

Fig. 8 (“EtherCAT network with Distributed Clock function.”) shows a typical EtherCAT network with
distributed clocks function. The first EtherCAT slave following after the EtherCAT Master is selected
to be the reference clock for this EtherCAT network. The frame passing each slave and a
transmission line between slaves is delayed for some small time “dt”, which must also be
considered for clock synchronization. The EtherCAT Master sends at start-up a Broadcast-Read
datagram to a special address of each slave. It commands the slave to latch and save the local
timestamp of frame receive time point for each direction. The master can read out the saved
timestamps of each slave to calculate the delays in the whole network. This measurement will be
repeated many times at start-up for better accuracy.

In order to synchronize itself with the reference clock, each EtherCAT DC Slave compares the own
local time with the reference clock time (system time) and adjusts the local clock properly.

EtherCAT® Details

FoE/File Transfer

Another mailbox protocol defined by the EtherCAT standard is FoE, which stands for File Transfer
over EtherCAT. This protocol is intended to easily accomplish file transfers from and to the
EtherCAT device. FoE uses a protocol similar to TFTP (Trivial File Transfer Protocol as described in
RFC1350, see reference [7]) for file transfer from and to an EtherCAT device.

The EtherCAT protocol stack running within ACURO EtherCAT uses FoE for firmware update. For
more information see chapter 8, Firmware Update”.

Selection of synchronization mode

Selection of SM synchronous mode with SyncManager 3 via TwinCAT
In order to choose this synchronization mode:
» Select the ACUROQ in the solution explorer tree.

» Onthe DCregister card, select the operation mode SM Synchronous:
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TwinCAT Project27 - Microsoft Visual Studio
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Fig. 9: Selection of Synchronization Mode

5.5.3 DC Timing with TwinCAT
Fig. 10 below shows the timing of the Distributed Clocks with TwinCAT.

foycle DC Base

m PP Master Shift

Frame | D Frame | D
TwinCAT

Master
>
Global Shift Time Sync0 shift t
n Slave
SO SO
v v
SyncO SyncO

Fig. 10: DC timing with TwinCAT
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»  Application: application calculation and 10 data exchange

» Frame: send time of the frame (80 ns / Byte)

> D: bus delay (runtime via transmission line (~5 ns/m) and slaves ~1 ps/slave)
> U user defined offset (safety margin)

> So: user defined offset for individual slave

If TwinCAT is used as EtherCAT Master, it calculates the time points to send the frame related to the
DC base cycle. The offset is selected to ensure that the data is received by the slave before
synchronization event at slave side. Additionally an individual offset can be selected by the user for
each slave to define the specific SYNCO offset (see Fig. 10). The shift value will be written to the slave
using a proper InitCmd, which is configured in the EtherCAT Network description file (ENI, see
reference [6]). Further, the keyword <EtherCATConfig><Config><Slave><DC>
<ShiftTime> will be defined too (see “Shift time of SYNCO event in ns” in the ENI specification
published by the ETG).

In order to choose the distributed clocks mode, select the option DC Synchronousin the selection
list Operation Mode of the DC register card which is displayed when having the ACURO selected in
the solution explorer tree. This is described in section 7.4, “Configuring TwinCAT" for Distributed
Clocks”.

5.5.4 Configuration of SyncManager 3 via object dictionary

The following entries of the object dictionary are relevant:

Synchronization 1C33h 01h Synchronization type 1:

type Synchronized with AL event of this Sync Manager

Cycle time 1C33h 02h The cycle time denotes the time between two events in
ns.

Minimum cycle 1C33h 05h Minimum cycle time (in ns) that can be applied.

time

Index 1C33h, subindex 01h has to be set to 1 to for synchronization mode.

Tab. 5: Adjustments in the object dictionary for synchronization using SyncManager 3

For more information concerning the dependence of the achievable cycle times from conditions
and configuration state, see section 9, “Network Performance”.

5.5.5 Data Transmission
5.5.5.1 Transfer of Cyclic Process Data

The cyclic process data is organized in PDOs (process data objects). The module provides different
PDOs with the position and different additional information. Using the PDO assignment mechanism
(see “ACURO AC58 EtherCAT" Object Dictionary”, object 0x1C13), one of these PDOs can be selected
and assigned to the input Sync Manager SM3.

NOTE! The contents of the PDOs are fixed, process data can be configured via selecting the PDO to
be applied.

NOTE! Only one PDO can be assigned at a time.
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5.5.5.2

5.56.5.3

The PDO Services TxPDO1 (0x1A00) to TxPDO4 (0x1A03) are available.
The PDO type is adjusted using sub-index 1 of the object 1C13h. Sub-index 0 of this object contains
the number of assigned TxPDOs (0 or 1). The following types of PDO messages are defined:

TxPDO1/ | Ox1A00 Position value (4 bytes)? - - - -
“Default”
TxPDO2/ | 0x1A01 Position value (4 bytes)? Flags? - - -
“Type 1” (1 byte)
TxPDO3/ | 0x1A02 Position value (4 bytes)? Speed? Reserved for
“Type 2” (2 bytes) future use ¥

(2 bytes)
TxPDO4/ | 0x1A03 Position value (4 bytes)" System time at position latch® (4 bytes)
“Type 37)

1 See object dictionary index 6004h

2 Warning position flags, see object dictionary index 2004h
3 See object dictionary index 2002h, sub-index 6

4 Ignore contents of these bytes

5 See object dictionary index 2009h

Tab. 6: Types of PDO messages

NOTE! Values are in little endian byte order, i.e. byte 0 = LSB, byte 3 =MSB etc.

Transfer of Service Data (Parameter Setting)

All device parameters are filed in the object dictionary (see section6, “Object Dictionary”) under
standardized addresses (index and sub-index) and can be written and read via SDOs (Service Data
Objects). SDOs are exchanged between two stations (configuration master and shaft encoder) by
means of the handshake procedure (request or confirmation).

There are two SDO services available:

» onetransmit SDO for messages (e.g., confirmation that parameter has been set) from the shaft

encoder to the master

» onereceives SDO for messages (e.g., request to set a parameter) from the master to the shaft
encoder

For more details, refer to the EtherCAT specification.

Error handling

Tab. 8: List of SDO Abort Codes” below lists the possibly occurring SDO abort codes.
These abort codes generally consist of the following elements:

» ErrorClass

» ErrorCode

» Additional Code
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Error Class

The element Error Class (1 byte) generally classifies the type of error:

1 vfd-state Status error in virtual field device
2 application-reference Error in application program

3 definition Definition error

4 resource Resource error

5 service Errorin service execution

6 access Access error

7 od Error in object dictionary

8 other Other error

Tab. 7: Possible Values of Error Class

Error Code

The element Error Code (1 byte) specifies the error cause within an Error Class more precisely. (For
Error Class = 8 [“Other error”], only Error Code = 0 [“Other error code”] is defined.) For more detail
concerning the error, the Additional Code field is available.

Additional Code

The Additional Code (2 bytes) contains the detailed error description

The following table explains the relationship between SDO Abort Code and Error Class, Error Code
and Additional Code, plus gives a short description of the error detail.

0x00000000 0 0 0 No error

0x05030000 5 3 0 Toggle bit not changed - Error in toggle bit at
segmented transfer

0x05040000 5 4 0 SDO Protocol Timeout (at service execution)

0x05040001 5 4 1 Client/Server command specifier or ID not valid

(i.e. unknown command specifier for SDO Service)

0x05040002 5 4 2 Reserved

0x05040003 5 4 3 Reserved

0x05040004 5 4 4 Reserved

0x05040005 5 4 5 Out of memory - Memory overflow occurred at SDO
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Service execution

0x06010000 0 Unsupported access to an object

0x06010001 1 Attempt to read a write —only object (Index may only
be written but not read)

0x06010002 2 Attempt to write a read -only object (Index may only
be read but not written- parameter lock active)

0x06020000 0 Object does not exist in the object dictionary - for
instance, wrong index.

0x06040041 41 Object cannot be mapped to the PDO

0x06040042 42 The number and length of objects to be mapped
would exceed the length of the PDO

0x06040043 43 General parameter incompatibility reason. (i.e. the
data format of the parameter is incompatible for the
index)

0x06040044 44 Reserved

0x06040047 47 General internal incompatibility in the device.
(Device-internal error)

0x06060000 0 Access failed due to a hardware error.
(Device-internal error)

0x06070010 10 Data type does not match, length of service
parameter does not match (i.e. Parameter length
error - data format for index has wrong size)

0x06070012 12 Data type does not match, length of service
parameter too high - Data format too large for index

0x06070013 13 Data type does not match, length of service
parameter too low - Data format too small for index

0x06090011 11 Sub-index does not exist.

0x06090030 30 Value range of parameter exceeded (only for write
access) i.e. value is invalid

0x06090031 31 Value of parameter written too high.

0x06090032 32 Value of parameter written too low.

0x06090036 36 Maximum value is less than minimum value

0x08000000 0 General error

0x08000020 20 Data cannot be transferred or stored to the
application.

0x08000021 21 Data cannot be transferred or stored to the
application because of local control.

0x08000022 22 Data cannot be transferred or stored to the
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application because of the present device state.

0x08000023 8 0 23 Object dictionary dynamic generation fails or no
object dictionary is present (e.g. object dictionary is
generated from file and generation fails because of a

file error).

7ab. 8: List of SDO Abort Codes
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Object Dictionary

All features and parameters of an EtherCAT" device are stored in its object dictionary.

The entire data of the object dictionary is partly stored in the non-volatile memory of the shaft

encoder to be protected against power failures and will be copied into the main memory (RAM)

upon Power-on or Reset.

» If datain the object dictionary is changed, the change will only be made in the main memory
and will be lost upon Power-off or Reset.

> Ifthe data is to be saved permanently, the data must explicitly be stored in the non-volatile
memory via the object 1010h (Store Parameters). The existing data in the non-volatile memory
will be overwritten by this procedure!

Access to the object dictionary (read or write parameters) is gained via the SDO services which are

described in section 5.5.5.2 "Transfer of Service Data (Parameter Setting)”.

The object dictionary consists of several different groups:

P> Features that are valid for all CoE devices (similar to CiA 301 plus a few extensions)

P> Features that are valid for shaft encoders (to device profile CiA 406)

» Features that are manufacturer dependent

The address (index and sub-index), which points to any entry in the object dictionary, is, except for

the features depending upon the manufacturer, standardized within the profiles. It is thus ensured

that all devices always execute the functions described in the profile (standard and optional

functions) within the same index. This is one of the requirements for an open system and the

exchangeability of the devices.

The entries in the object dictionary are addressed by means of a 16 bit index. Each index entry can
be further subdivided by a sub-index.
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Structure of an object description

The description of the object dictionary entries is structured as follows:

Index Sub-index | Name Object Data Access Meaning Default
(hex) (hex) Type Value
Index: 16 bit address of the entry
Sub-index: 8 bit pointer on the subentry; is only used with complex data structures
(e.g. Record, Array); if there is no sub-entry, then the Sub-index=0
Name: Short description of the function
Object: NULL: Entry without data
DOMAIN: Larger variable data set, e.g. program code
DEFTYPE: Definition of the data types, e.g. Boolean, float, unsigned16
etc.
DEFSTRUCT: Definition of a record-entry, e.g. PDO Mapping Structure
VAR: Single data value, e.g. Boolean, float, unsigned16, string etc.
ARRAY: Field with similar data, e.g. unsigned16 data
RECORD: Field with an arbitrary mixture of data
Data Type: Data type, e.g. Boolean, float, unsigned16, integer etc.
Access: Granted access rights to the object:
rw read and write access
ro read-only access
const  read-only access, value is a constant parameter
Meaning: Explanation of described object

Default Value:

Default value of described object

Organization of the entire object dictionary:

0000 not used

0001 - 001F static data types

0020 - 003F complex data types

0040 - 005F manufacturer-specific data types
0060 - OFFF reserved

1000 - 1FFF communication profile

2000 - 5FFF manufacturer-specific profile
6000 - 9FFF standardized device profile

A00O - FFFF reserved

Tab. 9: Organization of the entire object dictionary
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6.1 ACURO AC58 EtherCAT® Object Dictionary

The important elements, objects and values of the CoE object dictionary are defined below.

1000:0 Device Type VAR UNSIGNED32 | ro Device type of the EtherCAT slave. 0x00000000

The object dictionary is modeled
according to the CANopen encoder
profile CiA 406. However, the device
profile CiA 406 is not currently
approved by ETG. Therefore, object
0x1000 contains the value
0x00000000

1001:0 Error Register | VAR UNSIGNEDS8 ro Error register 0x00

Bit 0: Generic error (0 =no error, 1=

error)

Bit 1..7: reserved (0)

1003:0 Pre-defined ARRAY UNSIGNEDS8 rw Error history: stores the latest 8 0x00
Error Field values of the emergency error code;
(see section 10.1). The Additional
information field contains the first
two bytes of the manufacturer-
specific error code of the
corresponding emergency. These
two bytes are byte-swapped in order
to be easily human-readable in
TwinCAT.

Upon sending an emergency
message, every new error is stored
at sub-index 1; older entries are
moved to the next higher sub-index.
Sub-index 0 contains the number of
stored entries.

Writing 0x00 to sub-index 0 deletes
the error history.

1003:1 Pre-defined ARRAY UNSIGNED32 | ro Error history: newest stored error 0x00
Error Field

1003:2 Pre-defined ARRAY UNSIGNED32 | ro Error history: older errors 0x00
Error Field

1003:8
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1008:0 Manufacturer | VAR VISIBLE_ const Device name of the EtherCAT slave “ACURQ”

Device Name STRING as non-zero-terminated string in
ASCll code

1009:0 Manufacturer | VAR VISIBLE_ const Hardware version of the EtherCAT 0x03
Hardware STRING slave as non-zero-terminated string
Version in ASCII code.

100A:0 Manufacturer | VAR VISIBLE_ const Software version of the EtherCAT (defined by
Software STRING slave firmware as non-zero- the firmware)
Version terminated string in ASCII code

1010:0 Store ARRAY UNSIGNEDS8 ro Store parameters in non-volatile 0x01
Parameters memory; sub-index 0 contains the

highest sub-index that is supported.
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1010:1 Store All ARRAY UNSIGNED32 | rw Store all user-changeable 0x01 (upon

Parameters application parameters. read)

This command stores the
parameters specified by the
following CoE objects: 0x2000:1..4,
0x2001, 0x2002:1..5, 0x2003:2..3,
0x2120:2..3, 4402, 0x6000, 0x6001,
0x6002, 0x6003, 0x6509

Store is performed by writing the
signature 0x65766173 (ASCII code
“save” in little endian format) to
sub-index 1. All other values are
refused.

Read access to sub-index 1 provides
information on the storage
functionality:

Bit 0 = 1: device saves parameters on
command

Bit 1 =0: device does not save
parameters autonomously

Bits 2..31 = 0: reserved

NOTE! A write to the non-volatile
memory is only performed when at
least one parameter differs from the
values already stored in the non-
volatile memory.

NOTE! customer default settings are
standard user parameters and are
overwritten by “Store all
Parameters”.

NOTE! Writeable in PRE-
OPERATIONAL and OPERATIONAL

state.
1011:0 Restore ARRAY UNSIGNEDS ro Restore default parameters; sub- 0x01
Default index 0 contains the highest sub-
Parameters index that is supported.
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1011:1

Restore All
Parameters

ARRAY

UNSIGNED32

rw

Restore all parameters temporarily

to their factory default value. The
default values become valid by
issuing a reset of the device.

Parameter restore is performed by
writing the signature 0x64616F6C
(ASCII code “load” in little endian
format) to sub-index 1. All other
values are refused.

Read access to sub-index 1 provides
information on the restore
functionality:

Bit 0 = 1: device restores default
parameters

Bits 1..31 = 0: reserved

NOTE! The restore command issues
areboot and causes the user
parameter file read to be skipped
once. So the restored factory
defaults are only valid until the next
reset of the device. In order to
permanently replace the user
parameters with their factory
defaults, execute a Store
Parameters (object 0x1010).

NOTE! customer defaults are
written as the last step during
production and subsequently act
like normal parameters: A restore to
firmware defaults overwrites
customer’s defaults.

NOTE! Only writeable in PRE-
OPERATIONAL state.

0x01 (upon
read)

1018:0

Identity
Object

RECORD

Identity

const

Sub-index 0 contains the number of
entries

0x04

1018:1

Identity
Object:
Vendor-1D

RECORD

UNSIGNED32

const

Vendor ID of Hengstler GmbH
assigned by the ETG

0x20041961

1018:2

Identity
Object:
Product Code

RECORD

UNSIGNED32

const

Product code of the EtherCAT slave
in BCD coding.

For the ACURO family, the product
code is 547.

0x00000547

Mod. No. 3200716TK
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1018:3: | Identity RECORD UNSIGNED32 | const Revision number of the EtherCAT -
Object: slave
Revision Revision is checked for compatibility
Number between ESI file and device and
does not change as long as
communication features remain the
same.
A consecutive number is used,
beginning with 1 and incremented
by 1 for every change to the device
or its firmware that affects the ESI
file.
1018:4 Identity RECORD UNSIGNED32 | const | Serial Number of the EtherCAT slave | --
Object: (of bus hood, if differing from
Serial encoder base)
Number
1A00:0 TxPDO1 RECORD UNSIGNEDS8 ro PDO mapping TxPDO “Default” 1
Mapping Sub-index 0 contains the number of
Parameter mapping entries in this PDO.
1A00:1 TxPDO1 RECORD UNSIGNED32 ro 1t PDO mapping entry of TxPDO 0x60040020
Mapping: “Default™
Subindex 01 Object 0x6004:00 Position Value
1A01:0 | TxPDO2 RECORD UNSIGNED8 ro PDO mapping TxPDO “Type 1” 2
Mapping Sub-index 0 contains the number of
Parameter mapping entries in this PDO.
1A01:1 TxPDO2 RECORD UNSIGNED32 | ro 15t PDO mapping entry of TxPDO 0x60040020
Mapping: “Type 1”:
Subindex 01 Object 0x6004:00 Position Value
1A01:2 TxPDO2 RECORD UNSIGNED32 ro 2" PDO mapping entry of TXPDO 0x20040008
Mapping: “Type 1”:
Subindex 02 Object 0x2004:00 Warning Position
Indication Flags
1A02:0 TxPDO3 RECORD UNSIGNEDS8 ro PDO mapping TxPDO “Type 2” 3
Mapping Sub-index 0 contains the number of
Parameter mapping entries in this PDO.
1A02:1 TxPDO3 RECORD UNSIGNED32 | ro 15t PDO mapping entry of TxPDO 0x60040020
Mapping: “Type 2”:
Subindex 01 Object 0x6004:00 Position Value
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1A02:2 TxPDO3 RECORD UNSIGNED32 ro 2" PDO mapping entry of TXPDO 0x20020610
Mapping: “Type 2”:
Subindex 02 Object 0x2002:06 Actual Speed
1A02:3 TxPDO3 RECORD UNSIGNED32 | ro 39 PDO mapping entry of TxPDO 0x20030610
Mapping: “Type 2”: Reserved for future use.
Subindex 03
1A03:0 TxPDO4 RECORD UNSIGNEDS8 ro PDO mapping TxPDO “Type 3” 2
Mapping Sub-index 0 contains the number of
Parameter mapping entries in this PDO.
NOTE! The mapping of TxPDO4
“Type 3” is the same as in PDO type
“Type 1” plus an additional entry for
the system time at position latch.
1A03:1 TxPDO4 RECORD UNSIGNED32 | ro 15t PDO mapping entry of TxPDO 0x60040020
Mapping: “Type 3”:
Subindex 01 Object 0x6004:00 Position Value
1A03:2 TxPDO4 RECORD UNSIGNED32 ro 2" PDO mapping entry of TXPDO 0x20090020
Mapping: “Type 3”:
Subindex 02 Object 0x2009:00 System Time
1C00:0 | Sync Manager | ARRAY UNSIGNEDS ro Number of used Sync Manager 4
Communi- channels
cation Type
1C00:1 Sync Manager | ARRAY UNSIGNEDS8 ro Communication type Sync Manager | 1 (mailbox
Communi- 0 receive)
cation Type
1C00:2 | Sync Manager | ARRAY UNSIGNEDS ro Communication type Sync Manager | 2 (mailbox
Communi- 1 send)
cation Type
1C00:3 Sync Manager | ARRAY UNSIGNEDS8 ro Communication type Sync Manager | O (process
Communi- 2 data output
cation Type unused)
1C00:4 Sync Manager | ARRAY UNSIGNEDS8 ro Communication type Sync Manager | 4 (process
Communi- 3 data input,
cation Type slave to
master)
1C10:0 | Sync Manager | ARRAY UNSIGNEDS rw No PDO assignment allowed for 0
0 PDO Sync Manager 0. Sub-index 0 has a
Assignment fixed value of 0.
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1C11:0 | Sync Manager | ARRAY UNSIGNEDS rw No PDO assignment allowed for 0
1PDO Sync Manager 1. Sub-index 0 has a
Assignment fixed value of 0.
1C12:0 | Sync Manager | ARRAY UNSIGNED8 rw No PDO assignment allowed for 0
2PDO Sync Manager 2. Sub-index 0 is
Assignment implemented rw, but only accepts a
value of 0.
NOTE! Only writeable in PRE-
OPERATIONAL state.
1C13:0 Sync Manager | ARRAY UNSIGNEDS8 rw Number of assigned TxPDOs (Oor1) | 1
3PDO To change the assignment, sub-
Assignment - index 0 must be written to 0, then
Number of the assignment is written and then
assigned sub-index 0 to the number of
PDOs assigned PDOs.
NOTE! The device only supports 1
assigned TxPDO at a time.
NOTE! Only writeable in PRE-
OPERATIONAL state.
1C13:1 | Sync Manager | ARRAY UNSIGNED16 | rw PDO mapping object index of 0x1A00:
3PDO assigned PDO: TxPDO 1
Assignment 0x1A00: TxPDO 1 (“Default”)
0x1A03: TxPDO 4
NOTE! Only writeable in PRE-
OPERATIONAL state.
1C33:0 | Sync Manager | RECORD UNSIGNED8 ro Number of Synchronization 32
Synchro- Parameters
nization SM3
1C33:1 | Synchro- RECORD UNSIGNED16 | rw Synchronization type 0x01:
nization Type 0x01: synchronized with SM3 event Synchronized
0x02: synchronized with DC Sync0 with SM3
event event
NOTE! Only writeable in PRE-
OPERATIONAL state.
1C33:4 | Synchro- RECORD UNSIGNED16 | ro Bit 1: Synchronous supported 0x00000006
nization Bit 4:2 : DC Type supported: 001 = DC
Types Sync0
supported
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1C33:5

Minimum
Cycle Time

RECORD

UNSIGNED32

ro

Indicates the minimum cycle time

for the current configuration in
nanoseconds.

62.5 s

1C33:6

Calc & Copy
Time Inputs

RECORD

UNSIGNED32

ro

Indicates the time needed for
position latch, readout and
processing for the current
configuration

NOTE! Calc & Copy time only
available in DC synchronized mode.
Otherwise, this value is always zero.

1C33:12

Cycle Time
Too Small
Counter

RECORD

UNSIGNED16

ro

This error counter is incremented
when the cycle time is too small so
that the local cycle cannot be
completed and input data cannot be
provided before the next SM event.

1C33:32

Sync Error

RECORD

BOOL

ro

1: synchronization error occurred

2000:0

Warning
Positions

ARRAY

UNSIGNEDS8

ro

Defines up to 4 warning positions
based on the scaled position value.
Depending on the setting in sub-
index 1..4, the corresponding bit in
object 0x2004 Warning Position
Indication Flags or in TxPDO 2 is set
when the position exceeds or falls
below the programmed value.

Sub-index 0: Number of warning
positions

Mod. No. 3200716TK
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2000:1 Warning ARRAY UNSIGNED32 | rw Warning position 1.. 4:
Position 1.4 Bit 0..29: warning position in the Bit 0..29: 0
2000:4 range 0 to total measuring range
(object 0x6002) Bit 30: 0

Bit 30: 1 activates warning when
position is equal to or lower than the | Bjt31:0
warning position

Bit 31: 1 activates warning when
position is equal to or higher than
the warning position

NOTE! Warning position value range
is max. 30 bits. If the total measuring
range in object 0x6002 is larger,
warning position cannot cover the

whole measuring range.

NOTE! Only writeable in PRE-

OPERATIONAL state.
2001 Configured VAR SIGNED32 rw Configured Offset Value 0
Offset Value NOTE! The offset value 0x2001 is

manufacturer-specific and differs
from both 0x650a:1 and 0x6509.
Itis added after scaling, preset
calculation and modulo operation.
So it serves to shift the value range
of the scaled position from

0.. “Total Measuring Range”
(0x6002) to

“Offset value” (0x2001) .. (0x6002 +
0x2001).

NOTE! The configured offset value is
only applied if scaling function is
enabled (object 0x6000 Bit 2 =1)
NOTE! Only writeable in PRE-
OPERATIONAL state.

2002:0 Speed RECORD UNSIGNEDS8 ro Highest supported sub-index 6
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2002:1

Integration
Time

RECORD

UNSIGNED16

rw

Integration time dT for speed

calculation dPos/dT in milliseconds.
Value range: 1...100 ms.

Accurate speed calculation requires
an integration time of at least 50 ms.
The integration time is round up to
an integer multiple of the EtherCAT
cycle time.

100

2002:2

Multiplier
Value

RECORD

UNSIGNED16

Multiplier for speed scaling. Allows
configuring the unit in which the
speed value in 0x2002:6 shall be
indicated. A value of “0” is ignored.

2002:3

Divider Value

RECORD

UNSIGNED16

Divider for speed scaling. Allows
configuring the unit in which the
speed value in 0x2002:6 shall be
indicated. A value of “0” is ignored.

2002:4

Speed Lower
Limit

RECORD

UNSIGNED16

rw

Lower limit for speed (detects
whether encoder runs too slow)
Value range 0, 1..16383

If the absolute value of scaled speed
falls below the limit configured here,
the Frequency exceeded warning
(object 0x6505, bit 0) is set and the
corresponding emergency is thrown.
Avalue of 0 disables lower speed
limit check.

2002:5

Speed Upper
Limit

RECORD

UNSIGNED16

rw

Upper limit for speed (detects
whether encoder runs too fast)
Valuerange0,1..16383

If the absolute value of scaled speed
exceeds the limit configured here,
the Frequency exceeded warning
(object 0x6505, bit 0) is set and the
corresponding emergency is thrown.
Avalue of 0 disables upper speed
limit check.
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2002:6 | Actual Speed | RECORD SIGNED16 ro Scaled speed value

NOTE! Speed is calculated based on
the difference of raw position values

per integration time. Position
scaling via CoE object 0x6001 is not
taken into account. For multiplier =
divider = 1, actual speed indicates
raw position increments per second.
NOTE! The actual speed is only valid
as long as it is the range of Signed16
[-32767, 32765].

NOTE! The actual speed can be
converted to rotations per minute
(RPM) by the following formula:
<Actual Speed in RPM>

=<Actual Speed in CoF object
2002:6>

*<Multiplier Value in CoE object
2002:2>

/ <Divider Value in CoF object
2002:3>

/ <Single Turn Resolution in CoE
object 6501.:0>

*60

NOTE! Value of 0x7FFE indicates
that the actual speed has reached
the positive maximum value and is
therefore invalid.

NOTE! Value of Ox7FFF indicates an
EtherCAT timing fault, which occurs,
when the EtherCAT cycle time is too
large for speed calculation. The fault
can be resolved by reducing the DC
cycle time or by increasing in the
integration time in CoE object
2002:1.

NOTE! Actual speed is only available
when CoE object 1C13:1 “Sync
Manager 3 PDO Assignment” equals
0x1A02. Otherwise its contents is
undefined.
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NOTE! The accuracy of the current

speed data depends on the accuracy
of the EtherCAT cycle time
(operation mode “DC Sync0 for
synchronization” is selected). The
current speed can

differ by 1 rpm but no more than 1%
of the real speed.

NOTE! The EtherCAT cycle time
should not exceed 50% of the
integration time defined in CoE
object 2002:1. Otherwise a timing
fault will occur (CoE object 2002:6
becomes Ox7FFF).

NOTE! For single turn encoders, the
EtherCAT cycle time should not
exceed 1ms. Otherwise a timing
fault will occur (CoE object 2002:6

becomes Ox7FFF).
2003:0 Acceleration RECORD UNSIGNEDS8 ro Reserved for future use
2003:1 Integration RECORD UNSIGNED16 | ro Reserved for future use
Time
2003:2 Multiplier RECORD UNSIGNED16 | rw Reserved for future use
Value
2003:3 Divider Value | RECORD UNSIGNED16 | rw Reserved for future use
2003:4/ | (unused) Reserved for future use
5
2003:6 Actual RECORD SIGNED16 ro Reserved for future use.

Acceleration

Mod. No. 3200716TK
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2004

Warning

Position
Indication
Flags

VAR

UNSIGNEDS8 ro

Warning Position Indication Flags:
the bits are set to 1 when the
position equals, or either exceeds or
falls below, depending upon the bit
number, the programmed warning
position.

Bit 0:position equal to or above
warning position 1

Bit 1:position equal to or below
warning position 1

Bit 2:position equal to or above
warning position 2

Bit 3:position equal to or below
warning position 2

Bit 4:position equal to or above
warning position 3

Bit 5:position equal to or below
warning position 3

Bit 6:position equal to or above
warning position 4

Bit 7:position equal to or below
warning position 4

NOTE! Warning Position Indication
Flags are only available when
configured in PDO. Otherwise read
access to 0x2004 delivers a value of
0x00.

0x00

4484
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2006 Encoder VAR UNSIGNED8 ro The protocol which is internally --
Protocol used by the bus hood for
communication with the encoding
module.
1: BiSS-C

2: BiSS-C unidirectional
3: SSI Standard
4: SS| Extended

67: SSI Standard Gray Coded

68: SSI Extended Gray Coded

129: BiSS-C with inverted data line
130: BiSS-C unidirectional with
inverted data line

131: SSI Standard with inverted data
line

132: SSI Extended with inverted data
line

195: SSI Standard with inverted data
line, gray coded

196: SSI Extended with inverted data
line, gray coded

2009 System Time | VAR UNSIGNED32 | ro System time at last position latchin | ---
ns.

NOTE! System time is only available
when configured in PDO. Otherwise
read access to 0x2009 returns a
value of 0.
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2120:0

Temperature

RECORD

UNSIGNED8

ro

Highest supported sub-index

The encoder contains temperature
limits in its protected area and
checks actual temperature against
these limits.

In case of a BiSS-C encoder, the
actual temperature can be read
during process data exchange. In
this case, the user has the possibility
to write temperature limits (differing
from the ones stored in the encoder
ASIC). The bus hood cyclically
checks actual temperature against
these limits and generates a warning
in object 0x6505 when the local
temperature range is exceeded.

2120:1

(unused)

RECORD

SIGNED8

ro

2120:2

Temperature
Lower Limit

RECORD

SIGNED8

rw

Temperature lower limitin °C
Value range: -128 °C to 127 °C

NOTE! Only writeable in PRE-
OPERATIONAL state.

-40°C

2120:3

Temperature
Upper Limit

RECORD

SIGNED8

rw

Temperature upper limitin °C
Value range: -128 °C to 127 °C

NOTE! Only writeable in PRE-
OPERATIONAL state.

+85°C

2120:4

Actual
Temperature

RECORD

SIGNED8

ro

Actual temperature in °C

The value is read out of the encoder
cyclically every 1..2 sec for limit
check in the bus hood. The latest
buffered value is provided when an
SDO upload is initiated.

NOTE! If the actual temperature
exceeds 127° C, the value in this sub-
index remains limited to 127° C.
NOTE! If the Encoder Protocol
(object 0x2006) is set to “SSI
standard” or “BiSS unidirectional”,
this value is always zero.

2121

Production
Date

VAR

UNSIGNED16

ro

Production month and year of bus
hood in BCD format: 0OXMMYY with
MM =01..12 and YY =00..99
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2122 Order VAR VISIBLE_ ro Order number (of bus hood, if “1547298”
Number STRING differing from encoder base)
4400:0 Debug RECORD UNSIGNED8 ro Diagnostic object to count encoder 2
Counters communication errors and EtherCAT
synchronization misses.
4400:1 BiSS Global RECORD UNSIGNED32 | rw Sum of all errors detected in 0
Error Counter BiSS/SSI communication
Writing O resets the global error
counter 0x4400:1, as well as BISS
master related counters in 0x4401.
4400:2 SM3 Missed RECORD UNSIGNED32 | rw Counts “SyncManager 3 missed” 0
Counter events, i.e. input data has not been
consumed by the SM3 EtherCAT
frame during SYNCO cycle.
Writing 0 resets the counter.
4401:0 BissM Error RECORD UNSIGNED8 ro Diagnostic object with detailed 21
Counters counters for BiSS/SSI master errors.
4401: Debug RECORD UNSIGNED32 | ro Various counters for various BiSS
1..N Counters master error conditions and for
residual value storage monitoring.
Writing 0 to 0x4400:1 resets BISS
master related counters in 0x4401
4402 Encoder VAR UNSIGNEDS rw Threshold for encoder 1
Comm. Error communication error emergency.
Threshold

Every erroneous BiSS/SSI frame
increments a counter. Every error-
free frame decrements the counter.
When this counter reaches the
threshold, the corresponding
emergency is thrown

NOTE! Only writeable in PRE-
OPERATIONAL state.
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6000:0

Operating
Parameters

VAR

UNSIGNED16

Bit 0: code sequence: 0 =clock-wise,

1 = counter-clock-wise
Bit 1: unused

Bit 2: Scaling function control: 1=
enable (see objects 0x6001, 0x6002,
0x2001)

Bits 3..11: unused

Bit 12: Residual value calculation (1
=enable); change of this bit
becomes valid only after a reset of
the device

Bits 13..15: unused

NOTE! setting code sequence to
counter-clockwise causes a leap of
the position value from (current
position) to (position range - current
position) and vice versa.

NOTE! changing code sequence (bit
0) or enabling/disabling scaling (bit
2) “deletes” the preset: (see object
0x6003).

NOTE! Only writeable in PRE-
OPERATIONAL state.

NOTE! Residual value calculation is
only available for multi turn
encoders.

NOTE! Bits 1, 3..11 and 13..15 must
be set to “0”.

Bit0=0
(clock wise)

Bit1=0
Bit2=0
(disable)

Bits 3..11=0

Bit12=0
(disable)

Bits 13..15=0

6001:0

Measuring
Units per
Revolution

VAR

UNSIGNED32

rw

Specifies the desired resolution per
revolution. The corresponding
scaling factor is calculated in the
device: scf = (0x6001/0x6501).
NOTE! change of the resolution
0x6001 “deletes” the preset (see
object 0x6003). The scaled position
is recalculated with the new scaling
based on an offset of 0 (causing a
leap in object 0x6004).
Valuerange:1..2%%-1

NOTE! Only writeable in PRE-
OPERATIONAL state.

Default:
physical
resolution
per
revolution
(single turn
resolution)
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6002:0

Total
Measuring

Rangein
Measuring
Units

VAR

UNSIGNED32

rw

Specifies the desired total
measuring range. The scaled
position runs from 0 .. (0x6002 - 1).
After the specified number of
measuring steps, it returns to zero
(modulo operation).

NOTE! The allowed value range for
object 0x6002 is 1 .. max. total
physical resolution. In order to
support the full range of 32 bits, a
value of O is interpreted as
0x100000000, resulting in a scaled
position range of 0 .. (232 - 1).
NOTE! change of the measuring
range 0x6002 “deletes” the preset
(see object 0x6003). The scaled
position is recalculated with the new
scaling based on an offset of 0
(causing a leap in object 0x6004).
NOTE! Without residual value
calculation, only values of (2x *
0x6001) with x=0..12 are allowed.
Otherwise

» aleapin the scaled position
occurs at every zero crossing of
the physical position (every
turn for a single-turn encoder,
every 2x turns for an x-bit
multi-turn encoder).

»  the EtherCAT cycle time

increases

NOTE! With residual value
calculation, any value is allowed. In
this mode, the residual error which
occurs at every zero crossing of the
physical position is compensated.
NOTE! Only writeable in PRE-
OPERATIONAL state.

Default: total
physical
resolution.
Examples:
AC58/1219:
total
resolution
=912 %919
=2147483648
=x80000000
AC58/1220:
total
resolution
=212% 920
=4294967296

0x100000000
EN
0x00000000
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6003:0 Preset Value VAR UNSIGNED32 | rw The position value of the encoderis | OxFFFFFFFF
set to the value specified in object
0x6003. Internally, the device
calculates a corresponding offset

value (offset = preset - position)
which can be read via object 0x6509.

NOTE! The preset should only be set
to a value between 0 and [Total
Measuring Range - 1]. Setting a
higher preset can cause erroneous
position data.

Manufacturer-specific: Writing
OXFFFFFFFF to the preset value
“deletes” the preset: object 0x6509
“Offset” is set to 0.

NOTE! Changing code sequence or
enabling/disabling scaling (0x6000)
or changing scaling (0x6001/0x6002)
“deletes” the preset: 0x6509 “Offset”
is set to 0. The scaled position is
recalculated with the new scaling
based on an offset of 0 (causing a
leap in object 0x6004).

object 0x6003 “Preset value” is set
to OXFFFFFFFF to indicate that no
valid preset has been set. Since the
new scaling value is not set until the
encoder enters the OPERATIONAL
mode, after changing the scaling
value the encoder must be placed in
the OPERATIONAL mode before
returning to the PRE-OPERATIONAL
mode for the entering of the new
preset value.

NOTE! subsequent read accesses to
this object deliver

- the last written preset value or

- OXFFFFFFFF if reset, see previous
notes

regardless whether the physical
position has changed in the
meantime or not.
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6004:0 Position VAR UNSIGNED32 | ro Current position with applied
Value scaling, preset and offset.
NOTE! with scaling enabled, the
range of object 0x6004 is limited to
the minimum of the following
values:
P> Measuring units per revolution
* Multi-turn resolution (CoE
0x6001 * 0x6502) and
»  Total measuring range
configured in CoE 0x6002.
6500:0 Operating VAR UNSIGNED16 | ro This object reflects the actual 0x00000000
Status settings in object 0x6000 “Operating
parameters”. See there for a
description of the bits.
6501:0 | Single-Turn VAR UNSIGNED32 | ro Number of measuring steps per Depends on
Resolution revolution that are output for the the encoder
absolute single-turn position value type. E.g.
AC58/1217:
single-turn
resolution
=17
=131072
=0x20000
6502:0 Number of VAR UNSIGNED16 | ro Number of revolutions that the Depends on
distinguisha- multi-turn encoder can measure the encoder
ble (Multi-turn resolution). type. E.g.
Revolutions AC58/1217:
multi-turn
resolution
=
=4096
=0x1000
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6503:0 | Alarms VAR UNSIGNED16 | ro Additionally to the emergency 0x0000
messages, this object provides

further alarm indications. An alarm
is set if a malfunction in the encoder
can lead to an incorrect position
value. If an alarm occurs, the
corresponding bitis setto 1 as long
as the error is present.

Bit 0: Position error

(0=no error, 1 =error)

This bit is set when the encoder
reports an error via the alarm/error
bit in the cyclic data via BiSS/SSI or
when an error occurs in the
communication between bus hood
and encoder.

Bit 1..15: reserved (0)

When an alarm occurs, an
emergency message with error code
0x1000 (generic error) is generated
as well. In the error register (object
0x1001), bit 0 “Generic error” is set
as well. The manufacturer-specific
error field of the emergency is
specified in 10.1

6504:0 Supported VAR UNSIGNED16 | ro Provides information on supported 0x0001
Alarms alarms by the encoder.

Bit 0 = 1: Position error supported

Bit 1..15: reserved (0)
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6505:0 Warnings VAR UNSIGNED16 | ro Warnings indicate that tolerance for | 0x0000
certain internal parameters of the

encoder have been exceeded. In
contrast to alarms, warnings do not
imply incorrect position values. A
warning bit is set to 1 as long as the
corresponding tolerance is
exceeded.

Bit 0: Frequency exceeded (0 = not
exceeded,

1 =one of the speed limits specified
in object 0x2002 is exceeded)

Bit 1: reserved

Bit 2: CPU watchdog state (0 = OK, 1
= CPU watchdog status reset
generated)

Bit 3: Operating time limit warning
(0=none, 1=100,000 hours
exceeded)

Bit 4..13: reserved (0)

Bit 14: EtherCAT synchronization
Warning (0 = OK, 1 = SM watchdog or
cycle missed occurred at least once
(The bit is reset when the
corresponding CoE counter object is
written to 0)

Bit 15: Temperature limit exceeded
(0=not exceeded, 1=one of the
temperature limits specified in
object 0x2120 is exceeded)

When a frequency exceeded warning
occurs (bit 0), an emergency
message with error code 0xFFO0
(device specific) is generated as
well.

When a CPU watchdog state or
operating time limit warning occurs
(bit 2 or 3), an emergency message
with error code 0x5000 (device
hardware) is generated as well.
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The error register (object 0x1001) is

not influenced by the warningsin
object 0x6505; the error register is
copied unchanged in the respective
emergency message, the
manufacturer-specific error field of
the emergency is specified in 10.1.

6506:0

Supported
Warnings

VAR

UNSIGNED16

ro

Provides information on supported
warnings by the encoder.

Bit 0 = 1: Frequency exceeded
warning supported

Bit 1 =0 (reserved)

Bit 2 = 1: CPU watchdog state
warning supported

Bit 3 =1: Operating time limit
warning supported

Bit 4..13 = 0: (reserved)

Bit 14 = 1: Synchronization warning
supported

Bit 15 =1 if temperature is available
from encoder

0xCo0D

6507:0

Profile and
Software
Version

VAR

UNSIGNED32

ro

Provides the implemented encoder
device profile version and the
manufacturer-specific software
version.

Byte 0: Profile version minor
Byte 1: Profile version major
Byte 2: Software version minor

Byte 3: Software version major

Depends on
the
implemented
software
version.

E.g.
0x01010302:
Software
version 1.1
profile
version 3.2

6508:0

Operating
Time

VAR

UNSIGNED32

ro

Provides the operating time since
power-on in 0.1 hours resolution.

NOTE! if the operating time exceeds
1,000,0000 (100,000 h) an operating
time limit warning is generated (see
object 0x6505).
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6509:0 Offset Value VAR SIGNED32 ro Provides the offset value calculated | 0
by the preset function (see object
0x6003)
650A:0 Module ARRAY UNSIGNEDS8 ro Provides manufacturer-specific 0x01
Identification offset value

Sub-index 0 = highest supported

sub-index
650A:1 Manufacturer | ARRAY SIGNED32 ro According to profile, this value gives | 0x00000000
Offset value information on the shift of the zero-

point in the number of positions
from the physical zero point of the
encoder disk. The value is only
changeable by the encoder
manufacturer.

For the ACURO encoder series, this
offset value is always zero.

650B:0 Serial VAR UNSIGNED32 | ro Provides the encoder serial number | -
Number and is hard-wired to the identity
object 0x1018, sub-index 04.

Tab. 10: Object Dictionary

6.2 Object Dictionary Measured Value Processing

6.2.1 Position Scaling

This section contains the processing chain to calculate the position value (CoE 0x6004) from raw
sensor data. Raw position in case of multi-turn encoder is defined in Formula 1.

RawPosition = (Multiturnvalue * SingleTurnResolution) +
Singleturnvalue
Formula 1: Calculation of raw position

The position value is calculated by Formula 2.

POS = (((RawPosition * MUL) / DIV) + OFS) % MOD
Formula 2: Calculation of position value CoE 0x6004

The operands given in Formula 2 are pre-calculated from values given by the encoder device profile
CiA406. This is necessary to be independent from fieldbus stacks and profiles and also to get an
optimized range of values. The operands MOD and OFS are taken directly from CoE objects 0x6002,
“Total measuring range in measuring units” and 0x6509, “Offset value”:

MOD = CoE 0x6002

OFS = CoE 0x6509

Formula 3: Calculation of MOD and OFS
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6.2.2

6.2.3

The calculation of MUL and DIV depends on CoE objects 0x6001 “Measuring units per revolution”
and 0x6501 “Single-turn resolution”. Currently they are filled directly with these values:

MUL CoE 0x6001
DIV CoE 0x6501
Formula 4: Calculation of MUL and DIV

NOTE! The resulting scaled position must fitinto an UINT32 data type. Itis in the responsibility of
the user to configure all scaling parameters accordingly.

NOTE! It has to be taken into account that OFS is an INT32 data type and therefore the position
can only contain an offset of
+*((RPS * MUL) / DIV) - 1 or-%2*((RPS * MUL) / DIV).

Preset Function

The position value of an ACURO AC58 EtherCAT’ encoder can be changed by the use of a preset
value. This allows the encoder to be placed in any position when installed, and a preset value used
to match the position output to the desired machine position. For example, the encoder can be
made to read “0” when a machine is at its home position.

If the parameters are first saved to memory using the “Store All Parameters” function, the encoder
saves the offset between the actual encoder position value and the position value when the preset
is applied. This offset value is then used if power is lost and then restored to ensure that the correct
position value is reported even if the encoder shaft has been moved while power was off.

Residual Value Calculation

If the encoder is in continuous operation and the factor between Scaled Range and Physical
Range is not a power of two, a residual error would occur if Physical Range isreached. Thisis
shown in Fig. 11. To compensate this error - which occurs at every zero crossing of Physical
Range - an offset has to be added. The calculation of this offset is called the residual value
calculation.

Physical Range

2

AT B
Scaled Range Oflsel 1 Ollsel 2

Fig. 11: Errors due to non-integer multiples of Scaled Range to Physical Range

Residual value calculation is activated if bit 12 of CoE object 0x6000 “Operating parameters” is set
and the factor between Scaled Range (CoE object 0x6002 “Total measuring range in measuring
units”) and Physical Range is nota power of two.

The encoder saves the parameters which are needed for residual value calculation in the FRAM at
every quadrant change of the physical range. This allows detecting a movement of up to 1020
rotations in powered-down state and correcting the residual value from the stored parameters after
restarting the device.
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6.2.4

NOTE! The Residual Value feature is not available with single-turn versions of the encoder.
Therefore, Scaled Range can be used only if the factor between Scaled Range and Physical Range is
a power of two. If the factor is other than two, please use the scaling function of the controller to
scale the encoder output.

NOTE! The residual value logic is only functional when any unpowered rotation of the multi-turn
encoder does not exceed 1020 revolutions and when power is restored for a minimum of 11
continuous seconds while still within these 1020 rotations.

NOTE! If using Residual calculation, the allowed number of quadrant changes is limited to the
maximum number of write cycles for this memory (10 trillion).

Feature Interactions

The following chart should help simplify which of the previous and related features may be used
together and under which circumstances.

Object >> 6000:0 bit 2 6000:0 bit 12 6001:0 6002:0 6003:0
OFF OFF NOT POSSIBLE | NOT POSSIBLE | FUNCTIONAL
ON OFF 2Mn 2Mn FUNCTIONAL
NOT
ON OFF 2Mn NOT 27n
FUNCTIONAL
NOT
ON OFF NOT 22n IRRELEVANT
FUNCTIONAL
ON ON IRRELEVANT IRRELEVANT FUNCTIONAL

Tab. 11: Feature Interactions

NOTE! Scaling On/Off, Residual Value, Measuring Units Per Revolution and Measuring Range all
affect the internally calculated scaling value. Since the new scaling value is not set until the encoder
enters the OPERATIONAL mode, after changing any feature that affects the scaling value, the
encoder must be placed in the OPERATIONAL mode before returning to the PRE-OPERATIONAL
mode for the entering of the new preset value.
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6.2.5

Speed Calculation

Raw speed is calculated as difference of the raw position values per integration time, as shown in
Formula 5:

RawPosition( t=0 ) — RawPosition( t = -IntegrationTime )
RawSpeed = ————————— =~
IntegrationTime
Formula 5: Calculation of raw speed in unscaled measuring units

IntegrationTime is given by CoE object 0x2002:1 “Speed integration time” in steps of 1
millisecond. If CoE object 0x2002:1 is set to zero, IntegrationTime will be equal to the field bus
cycle time.

Due to time quantization, IntegrationTime will be rounded up to an integer multiple of the
cycle time. Internally, RawSpeed is normalized to increments/sec.

NOTE! The resulting scaled speed must fitinto an INT16 data type. Itis in the responsibility of the
user to configure all speed calculation parameters accordingly.

Due to quantization of position values, a leap in speed values is possible at slow speeds as shown in
Fig. 12. Therefore IntegrationTime needs to be increased according to the application.

Av vT

: 225 2N 7N f\/@z}
tT

Fig. 12: Leap in speed values

For adjusting the speed unit, RawSpeed is scaled by two constantsC_1 and C_2 asshownin
Formula 6. The speed is calculated periodically in intervals of IntegrationTime.

Speed = RawSpeed * C 1 / C 2
Formula 6: Getting speed (velocity) from raw velocity

The constant C_1 is set via CoE object 2002:2 “Multiplier value”,C_2 via CoE object 2002:3
“Divider value”. The output value Speed is stored in CoE object 2002 : 6.
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7.2

7.3

7.3.1

Commissioning with TwinCAT®

Introduction to TwinCAT®

TwinCAT is a tool set for developing applications for EtherCAT network communication. For
commissioning and parameterization of the ACURO AC58 Industry absolute shaft encoders, you will
need the TwinCAT I/O Driver component. TwinCAT 3.1 can be downloaded from the download
section of the BECKHOFF website at www.beckhoff.com.

TwinCAT provides EtherCAT Master functionality on your industry-standard PC with a standard

network adapter.

Installation of TwinCAT®

First, you have to install the engineering (XAE) and runtime (XAR) components of TwinCAT to your
PC. In order to install these components of TwinCAT 3 to your PC, proceed as described in the
TwinCAT installation document provided by Beckhoff, see reference [8]. This document also
contains a list of the system requirements to be fulfilled.

Configuring TwinCAT®to use Sync Manager 3

The following description assumes that TwinCAT 3 is installed on your computer in the default
folder “C:\TwinCAT".

As TwinCAT has now been installed successfully, you can continue commissioning and
parameterization by starting TwinCAT in the next step and subsequently performing the remaining
steps within TwinCAT.

NOTE! The following steps refer both to TwinCAT 3.0 and TwinCAT 3.1 and are not applicable to any
previous version of TwinCAT.

Starting TwinCAT®
The EtherCAT configuration software TwinCAT can be started in two ways:
> Either using the Windows start menu entry Beckhoff > TwinCAT3 > TwinCAT 3 XAE
»  Orviathe context menu:
1. Click onthe TwinCAT icon using the right mouse button
2. The TwinCAT context menu appears:

¢ U[ber TwinCAT...

IE Event viewer
TwinZAT Scape Yiew
@ TwWinCAT XAE

Fouter k

i Systermn 4 ﬂ

3. Select entry TwinCAT XAE.
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7.3.2 Installation of ACURO EtherCAT®within TwinCAT®

Now, TwinCAT needs to install the network adapter to be used. In order to do so:
» Select menu entry 7TwinCAT> Show Real Time Ethernet Compatible Devices.

TwinCAT Project8 - Microsoft Visual Studio

File Edit Wiew Project Debug  TwinCAT | FLC  Tools  Window Help
e R R ™ | §| EE +B Cenerate Mappings |E§ ‘:
L ERYCITE

Activate Configuration

Restart TwinCAT System
Restart Twin”AT (Config Mode)
Reload Devices

Scan

Toggle Free Run Stake

Shows Online Data

SEEC S Y -

Shaws Sub Ttems

=
m
7

Access Bus Coupler/IP Link Register..,
Update Firrmmare EEPROM

Show Realtime Ethernet Compatible Devices. ..

Fig. 13: TwinCAT menu entry TwinCAT > Show Real Time Ethernet Compatible Devices

The dialog box /nstallation of TwinCAT RT-Ethernet Adapters appears. Both compatible and
incompatible network adapters are now listed if present.

Installation of TwinCAT RT-Ethernet Adapters

Ethernet Adapters

HE Installed and ready to use devices

—-E8 Compatible devices
BE LAM-Verbindung - IntellR] PROA000 MT Metwark Connection
H Incompatible devices
H8 Dizabled devices
Enable
Dizable

[~ Show Bindings

Fig. 14: Installation of TwinCAT RT-Ethernet Adapters - Compatible Devices
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7.3.3 Selection of TwinCAT® Ethernet Driver

TwinCAT offers two different drivers for Ethernet-based network adapters:

»  TwinCAT Driver for Real-Time Ethernet (Compatible devices)
The TwinCAT Driver for Real-Time Ethernet only works with network adapters using an Intel
chipset. It provides hard real-time support for EtherCAT applications.

»  TwinCAT Real-Time Ethernet Intermediate Driver (Incompatible devices)
The TwinCAT Real-Time Ethernet Intermediate Driver also works with network adapters using
another chipset than the Intel chipset. However, this driver has been developed for evaluation
purposes in laboratory and testing. It does not provide hard real-time support for EtherCAT
applications. Also, it may cause jitter.

In the following example, the compatible driver is installed:

Installation of TwinCAT RT-Ethernet Adapters E]
Ethernet Adapters Update List

B8 Installed and ready o uze devices
—-E8 Compatible devices Iztal
ER:: R Lok erbindung - TwinCAT-Intel PCI Ethernet Adapter (Gigabit]
B8 |ncompatible devices
B8 Dizabled devices
Enahble

Dizable

[v Shaow Bindings

Fig. 15: Installation of TwinCAT RT-Ethernet Adapters - Installed and ready-to-use Devices

» Close TwinCAT now!
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7.3.4

7.3.5

Copying ESI File into TwinCAT® Installation

The ESl file (i.e. the XML File containing EtherCAT device descriptions) has to be copied to the
TwinCAT installation. If you installed TwinCAT to the directory C:\TwinCAT, proceed as follows:
For TwinCAT 3.0:

» Copy the file ACURO.xml to directory C:\TwinCAT\3.0\Config\lo\EtherCAT.

For TwinCAT 3.1:
> Copy the file ACURO . xml to directory C:\TwinCAT\3.1\ConFig\lo\EtherCAT.

Otherwise, you need to adapt the directory path accordingly. These files are available from the
Hengstler web site at www.hengstler.com.

Scanning for Devices

First, TwinCAT has to be restarted in order to scan for devices. This is necessary as during restart,
TwinCAT will be forced to read and process the device description file.
There are two alternative ways to force TwinCAT to scan for devices:

Click the Scanicon N within the TwinCAT XAE icon bar.
Alternatively, you can select the Scanoption as shown below from the context menu of entry
devices in the tree of the Solution Explorer by right-clicking at that entry:

Salution Explarer * I X

=)
_g Solution 'TwinCAT AcuraTeskProject
= 3 TwinCAT AcuroTestProjectl

| SYSTEM
MOTICN
FLC

o4 SAFETY
CH++
= = Lo
ol
sii] Add Mew Tkem, .. Chrl+-Shift-+a JPpings
i Add Existing Ikem. .. Shift+alk-+a
:':\1 Scan
b Paste Chrl+y
Paste with Links

'—“.i Solution Explorer [ e

62/84

Part No. 2 565 651 Mod. No. 3200716TK




H E N G STI. E R 7 Commissioning with TwinCAT®

Next, the following informative dialog box will appear.

L] E HIMT: Mot all bypes of devices can be Found automatically
*

| Ok i [ Abbrechen ]

» Click at the Ok button to confirm it. TwinCAT will scan for suitable connection and network
adapters then.

1 new If0 devices found

[IDevice 1 [EtherCAT Automation Pratocal]  [LAM-erbindung [Intel[R] PRO/1000 MT | g

Cancel

Select Al

Unzelect All

e e

» Check the configured connection/ network adapter.
» Thenclick at the Ok button to select this network adapter as the one being used for scanning.

Again, a dialog box will appear asking you whether to start the main part of the scanning process.
Click at the Ok button to proceed.

TwinCAT XAE

::.:) Scan for boxes

| Ja | [ Mein
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Then, the device scanning process will be initiated.

7.3.6

10 d T ] & A9 -0 e e L] b [Relesse - [TwecATRT () -8 [ Bt e PR
i O02RKE 6|2 -{=
TWnCAT Propectz? % Soh.tion Explores - g%
Genwsal | Adapter | EUherCAT | Orine | Cof - Orirs 2
- = o) Sohution TwinCAT PrajectT {1 project)
Deves 2 T 2 = [ TwinCAT Project2?
Masne: e 2 [EtherCAT] I 5 ﬂi\‘STEM
DObyect It o301 0020 MOTION
Ac
Type EtherCAT Mates I SAFETY
G Ecu
1o
= % Devices
= Device 2 (EtherCAT)
4% Image
8 s fo
o PO Microsoft Visual Studio : T Syncinks
o % Wik Outputs
- Activate Free Run [ InfcDats
- H Box 1 (aCLRD)
=- Mappings
Nmber Bai Name Orlne Addess  Type
H: Box | (ACLRO) () ACLRO
TR0 D,
* Postion 0200000000 {0) 8l |
Bhwestate
* WeState 1
* TrgnToggle 0

» Click on Nein (or No) as free run does not need to be activated during the subsequent

configurations.
Free run will be activated later. As long as free run has not been activated, the device will not reach

the state Operational.

Load Process Data from Device

» Select register card Process Data:

TwinCAT Praject2 - Microsoft Visual Studio
Fie Eft View FProject Buld Debug TwinCAT PIC Took Scope Window  Hep

Pl 5 G K a9 - e L[| b [Reiese =| [ Tuancat A7 (x88) -/ tsm TR EE
ik |02 N @6 Ao -
Lh
Gereral | EtherCAT | OC | Process Data |5 CoE - Onie | Ordine =
ane L 0 Fohation TweniZAT Frofetey’ (1 projedt)
Sy Manages BN List Gl TeRCAT ProjectzT
& SveTem
SM Sue | Type  Flags e Sum | Nene Flags M sU MaTIn
0 123 MbsOu OelADD 40 TWPD0 Defask T [] ne
1128 Mbdn DAl 50 TWP00 Type | T 0 S sarery
2 q Dutputs WAl 00 TePD0 Type 2 r [ P
N
=l vo
S % Devicms
= T Dewce 2 (CtherCAT)
< > =% tmage
8 iage-trfo
00 Assignment {1013 P00 Content (14008 b 2 Syrelns
[ 1400 e Sien | Os Hame Tipe Diedaeit 1 % Tl
Clitaam A DENAO0 40 an Pastion LDINT W duputs
Cloian2 40 ® @ st
= H oo (acueo)
< » ® TP Dbt
- [l westsre
Darvmioad 5 I Fobas
= iannent y
EIPDO0 A Lo POD ieds rom dvicn ] = M
L1 PDO Configuration =
[Gme Urik Assigrment.. ]
Name Cnlines. Type Sine »addr... InfOut  User.. Lnkedto
1 Posdion Qx00000000 {0) LOmT 40 30 Tt 0
¥ wistate 1 L1 ol 1=z Input o
# Inputiopgde [ ot w1 11 gt O 3=
+ ate LUNT 0 1400 Input. o
# adsaddr AMLADOR wo 15500 Input. o
1 nettd AMZFNETIO ) 170 Inpwt 0
#I pout: WORD 20 1SEED Tnput n

64/ 84

Part No. 2 565 651 Mod. No. 3200716TK




HENGSTLER

7 Commissioning with TwinCAT®

7.3.7 Select Synchronization Mode
If you want to configure the absolute shaft encoder ACURO EtherCAT’ for the first time or you do not
need the distributed clocks feature, choosing SM Synchronous operation is recommended.
You can adjust this as follows:
» Select register card DC.
» Select option SM Synchronous in the selection list Operation Mode on that register card.
If you want to use the distributed clocks feature for precise time measurement and synchronization,
select option DC SYNCO for Synchronization in the selection list Operation Mode.
Concerning this topic refer to section 7.4, Configuring TwinCAT" for Distributed Clocks
TwinCAT Project27 - Micresofi Visual Studio
Fle Edt View Projct Buld Debigy TwinCAT PLC Took Stope Window Help
Pl S @K ]2 - LI=DL] b [Release =/ TwnCAT RT (x88) -] s S e e
in AA2RE 6. || axe> = 0
General | EthesCAT | DC Process Data | Statup | Cof - Orling | Online ;MTmf_ﬁiﬁomTilaomﬂ
Operation Mode: [5M & yrehionons - FT"';’:i;'_‘"’“m
= ”-.;+
T = E:K?;uzmmcm
5
+ Irpute.
# [ Outputs
# @ InfoData
= H Box 1 (acuRO)
o Wwrme
@ @ infoData
&% Mappings
[ Crilng Type Sze sAddr... [nfOut | User... Linkedto
¥ Position COO000000 (0) LOINT 4.0 ».0 Irput: L]
@bk b M o mel we 0
+ State 0002 (2) LINT 20 1548.0 Irgnt L]
* Mdshdd 10.11.5.68.3.1:1001  AMSADDR 8.0 1550.0 Irput o
& netld 10.11.5.68.3.1 AMSNETID 6.0 1550.0 Irgnt L]
¥ port Ox0ES (1001} WORD 20 1556.0 Irgut o
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7.3.8 Adjust Base Time

Now adjust the base time and cycle ticks to configure the desired cycle time.
The following example adjusts the base time to 1 millisecond and the cycle ticks to 1 in order to gain
a cycle time of 1 millisecond:

» Click on Real-Time within the sub tree SYSTEM in the Solution Explorer.

2> The register Real- Time appears. The register card Settingsis opened.

» You can now set the Base Time to 1 millisecond using the selection list in the third column
named Base Time (of the upper table in register card Settings. See below.)

(ERGE T e E
ik Q82 @lé | ac s
e e T T

“Semrge | Oina | Peoses Coe Detaugom .

_aﬂm TrnCAT ProsetZT (1 progect) -~
- = TearsCAT Progect2?
Fautes Mamcey Milyel § 3 5 il svsro
Avelitls CPU fuirdomsOba [1 (8] [0 & ([inadion Tagw ) iy -
[ 10 1de Tack
B rada
= Routes
R Tocom copects
HOTICN

Lt
SAFETY
Cas

= w

5 "% Owiem
- Q.(twu.‘ml!rcﬂ?

Type
Tas

| Ctaect

I [arcu |BasaTme  |[CyceTme |CydeTds | Prioety | & 2 Syt
[0 1 Task _[Cefak [0) w|ine Ims 1 1 & L Irpus

Michen Se 2um Rarten of dese Schalflche.

» Clickon I/O Idle Task within the sub tree SYSTEM in the Solution Explorer.

> The register //O /dle Task appears. The register card Task is opened.
» You can now set the Cycle Ticks to 1 (see figure below).

This is the factor to be multiplied with Base Time adjusted in the preceding step. In the current
example, the factor 1 multiplied with a Base Time of 1 millisecond will amount to a cycle time of 1
millisecond. When you adjust the Cycle Ticks with the selection list in this dialog, TwinCAT
immediately calculates this time value and displays the result right beside the selection list.
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Later on, you may adjust the base time to other values, if required.

7.3.9 Further Steps

You can now continue with further steps according to your needs such as creating variables or
tasks. If all configuration steps have been finished, then you have to activate the Free Run.
As the Free Runhas not yet been activated, you should do this now. Proceed as follows:

Click on Ok.

Click on Yes.

VI VIV IV

Click at Yes.

Click at the configuration mode icon

The dialog box Load //ODevices appears.

The dialog box Activate Free Run appears.

The dialog box Restart TwinCAT System in Config Mode appears.
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7.4

Configuring TwinCAT®for Distributed Clocks

The concept of Distributed Clocks (DC) allows a more precise synchronization of multiple EtherCAT
slaves between one another than synchronizing on a passing process data frame SM Synchronous.
This is mainly caused by master-side frame jitter.

The devices have to be configured accordingly to be able to adjust their local clock to a reference
clock. The master decides which device’s clock serves as reference clock. In most cases the
subsequent device in the topology which supports DC is used as reference clock. In the standard
configuration, the master also adjusts its clock to the reference clock.

For more information on DC Timing with TwinCAT, see section 5.5.3, “DC Timing with TwinCAT”.

If TwinCAT is used as EtherCAT master, it calculates the time points to send the frame related to the
DC base cycle. The offset is selected to ensure that the data is received by the slave before
synchronization event at slave side. Additionally an individual offset can be selected by the user for
each slave to define the specific SYNCO offset (see Fig. 10: DC timing with TwinCAT). The shift value
will be written to the slave using a proper InitCmd, which is configured in the EtherCAT Network
description file (ENI, see reference [6]). Further the keyword <EtherCATConfig>
<ConfTig><Slave><DC><ShiftTime> will be defined too (see “Shift time of SYNCO event in ns”
in the ENI specification published by the ETG).

In order to choose the distributed clocks mode, select the option DC Synchronousin the selection
list Operation Mode of the DC register card which is displayed when having the ACURO selected in
the solution explorer tree.

Parameterization for DC in TwinCAT®

For DC Sync choose option DC SYNCO for synchronization, see Fig. 9: Selection of Synchronization
Mode” below.

General | EtherCaT | DC Process Data | Startup || CoE - Onling | Online

Operation Mode: SM Synchronous w

SM Synchronous
DC SyncO for spnchronization

Fig. 16: Selection of Synchronization Mode

After selection of this option, the configuration has to be activated ** and the EtherCAT Slave
proceeds to state Operational.

For a standard installation, see section 7.3.4., “Copying ESI File into TwinCAT® Installation”
regarding path information and restart.

If there is no ESl file available, the configuration can alternatively also be performed using the
Advanced Settings, see Fig. 17, “Configuration for Activation of SYNCO Signal within the Advanced

Settings”. Here, the SYNCO signal is a synchronization signal generated by the local clock of the
device.

NOTE! The ACURO AC58 EtherCAT encoder supports the SYNCO signal.

» Ontheregister card DC, click on the Advanced Settingsbutton. The Advanced Settings dialog
box will appear.
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Advanced Settings @

£l Distributed Clock m]ﬂl 1 Clock

Cychc Mode

Opesation Mode; DC Syncl for synchronization v

Enable Sync Unit Cycle (us) | 4000

SYNCO

Cycle Time (us) Shalt Time [ps)
@ Sync Unit Cycle %1 v Uset Defined w0 Sp—
() User Defined +SYNCO Cycle

4000 %l v 0

[[] Based on Input Reference

Enable SYNC 0 = 0
SYNC1

() Syne Unit Cycle Cycle Time (s} 4000
(® SYMC 0 Cycle %1 v Shift Time (s} 0

[[] Enable SYNC 1

[]Use as potential Reference Clock

Fig. 17: Configuration for Activation of SYNCO Signal within the Advanced Settings

The individual slave-specific shift time SO mentioned in section 5.5.3, “DC Timing with TwinCAT”
and Fig. 10: DC timing with TwinCAT can be adjusted according to your needs in the input field User
Definedin the SYNCO>Shift Time (us)area of the advanced settings dialog of the DC register card. In
the example above, the value 0 has been assigned to this input field (between the green tags).

NOTE! In case of short cycle times, a negative value for the slave SYNCO Shift Time may be needed
in order to trigger earlier reading of input signals than defined by the EtherCAT master as a
standard. By default, TwinCAT uses a SYNC shift time of 30% (TwinCAT 2) or 10% (TwinCAT 3) of the
cycle time for the inputs. If the sum of Calc & Copy Time (CoE object 0x1C33:6) and frame jitter of
the master exceeds the master’s SYNC shift time for inputs, a recommended User Defined Shift Time
is:

UserDefinedShiftTime = -(CalcAndCopyTime + MaximumFrameJitter —
SyncShiftTimeForInputs)

This formula applies when the option “Based on Input reference” is selected in the Advanced
Settings. For details on the shift time parameters, see the TwinCAT documentation.

For more information concerning the dependence of the achievable cycle times from conditions
and configuration state, see chapter “Network Performance”.
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7.5 Troubleshooting

7.5.1 Checking Data Exchange with TwinCAT®

The status of the general data exchange can be checked in the TwinCAT window Online.

wd
2 Sohution ‘TwinCAT Project27 (1 project)
= [l TwnCAT Project2?
# |l sysTem
4 MOTION
PC
) SAFETY

N

= *F Devices
= B Device 2 (EtherCAT)
)

C++

*B image-Info
2 Synclnits
Inputs
W Outputs
B InfoData
H
& TPOO Defaikt
¥ [l WeState
# @ InfoDsta

W & E e

TwinCAT Project27 - Microsoft Yisual Studio
Ble Edt MVew Project fuid Debug TwinCAT PLC Jook Scope Window  Help
Pl S A R0 - - S b (Rebease =| | TwinCAT RT (x86) =(| [ | tem
i 00 2R @)ér | [0
[recrrronczr > Y . aE:
General | EtherlCAT | DC Process Data | Statup | CoE - Onine | Onre
State Machine
Co—)
Cusrert State: FREOP
R d Shate: PREDP
[IJE l Cleai Eroe
DLL Statux
Port & Cauries / Open
Port B Mo Casrier / Closed
File Access over EthesCAT
Dowrioad . Upload
Home Cniere Type See  pAdd. | Injouwt | User.,  Unkedto
# Poskion DDOD00000 (0 UDINT 4.0 .0 gt 0
* westate 1 BIT [¥] 15221 Inpk O
* InputTogole [} BIT [N 15240 Irpt 0
# State 00002 (2) UINT 20 15480 Inpt O
* adsiddr 10,11.5.,68.3,1:1001  AMSADOR LX) 15500 gt O
# retid 10.11.5.68.3.1 AMSNETID 6.0 15500 Inpt O
* port O3S (1001) WORD 20 15560  Ipt O
Ready

7.5.2 Common Error Messages

No new 1I/O devices found

TwinCAT XAE X
! "‘l., Mo new [0 devices Found

This message is issued if the scan for 1/0 devices fails.
Check connections and retry to scan for I/0 devices.
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8.2

Firmware Update

General Information

The firmware of the ACURO AC58 EtherCAT shaft encoder device can be updated using the mailbox
protocol FoE (File Access over EtherCAT). The transmission of data via FoE is possible in EtherCAT
states (ESM):

> “Bootstrap”,

> “Pre-Operational”

» “Safe-Operational”

» and “Operational”

See section 5.4.3.1, “The EtherCAT’ State Machine (ESM)”

NOTE! As the expected bus load is lower in the “Pre-Operational” state, it is recommended to
perform firmware updates while in this state.

The following firmware components can be updated:
» netX EtherCAT Slave Firmware for Encoder

The transferred firmware is checked for consistency and compatibility before being applied.

Update Procedure using TwinCAT®

The firmware update is performed using the FoE capabilities of TwinCAT. Proceed as follows to
update the firmware:
» Scan for devices and boxes in TwinCAT as described in subsection 7.3.5 “Scanning for Devices

”

and do the following.

NOTE! Do not activate Free Run.

2> Device and box should now be present.

» Select the device within the device tree.

» Open register card Online.

> Inthedisplayed list, select the entry for the box (ACURO).
» Select context menu option Firmware Update (see below).
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| General | Adapter | EtherCaT | Online | CoE - Online |

No Addr | Mame State CRC

1001 Box1 [Enco FREQOP

Request "TMIT' state
Request 'PRECP! state
Request 'SAFEOR' state
Request "OP' state

Request 'BOOTSTRAP' state
Clear 'ERROR' state

EEPROM Update. ..

Fitrmware Update... L

Actual State: PREOP Counter Cyclic Quel Advanced Settings...

- ¥ X Send Frames 1] + 1504 P ties...
[ Init ] [ Pre-Op ] [Safe Dp] [ Op ] Frames ? o0 0 L. roperties
[ OearCRC ] [ ClearFrames | | LostFrames i + 0
Tx/Rx Enors 1] 40

2 The file selection dialog for the firmware file is displayed. Change file type to “All Files (*.*)

Offnen
Sucher i |E}Test "| (€] 5 s ol FEF

D

Zuletzt
verwendete D

Desktop

)

Eigene Dateien

-

Arbeitsplatz

i

D ateinare: |BUSHDDD.nxf Vl [ Qffren ]

Metzwerkurngeh  Dateitvp: |AII Files [*7] vl ’ Abbrechen ]

» Select the file containing the firmware (BUSHOOD . nxT).
2 The following dialog is displayed:
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8.3

Edit FoE Name X
String: |BUSHOOD it T
Hes: 42 55,53 48 4F 4F 44 2E £E 78 66 || cancel |

Length
Paszword [hex): | 00000000

» Append the extension . nxf to the proposed file name ,BUSHOOD”.

» Thenclickon Ok

2 The firmware download is started.

» After the download an error message appears. This message is called by a TwinCAT timeout.
The message may be ignored.

» Perform a power-on reset in order to force a restart of the box.

N

The box (shaft encoder) should now be equipped with its new firmware and this firmware
should be operational.

Common Error Messages during Update Procedure

Error 0x700

Dovnload Failed!
Failed to download File to 'Box 1 (Encoder ACSS{1001).(error=0x700),

If this error occurs when updating the firmware, you forgot to add the extension * . nxf¥ to the file
name of the firmware file

Error 0x719 Device Timeout

Download Failed!
Failed to download File to 'Box 1 (Encoder ACSS){1001) . (error=0x719),

If this error occurs when updating the firmware, you should restart the ACURO EtherCAT by power
cycling in order to force it to start up using the new firmware file.
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Network Performance

The achievable EtherCAT’ cycle times are determined by the process data configuration (PDO type)
and scaling parameters as well as by the resolution and type of the encoder connected to the
EtherCAT bus hood.

The actual Calc & Copy Time and Minimum Cycle Time values are calculated by the bus hood based
on the selected PDO and scaling configuration and provided in CoE object 0x1C33 (see section 6.1,
“ACURO AC58 EtherCAT’ Object Dictionary”).

The following table gives an overview of the minimum cycle times for typical configurations with
the following assumptions:

»  Anencoder with BiSS-C and 5 MHz clock frequency is used.

» The total physical resolution of the encoder (ST + MT) does not exceed 32 bits.

TxPDO1 4 Position Only raw position, no scaling 62.5
“Default”
Position scaling with power of 2 for multiplier, 66.6
divider and modulo (see CoE objects 0x6001,
0x6501 and 0x6002), no residual value
calculation
Full position scaling with arbitrary values for 100
scaling and modulo and residual value
calculation
TxPDO2 5 Position and Raw position, no scaling 62.5
“Type 1” warning
position flags
Position scaling with power of 2 for multiplier, 71.4
divider and modulo (see CoE objects 0x6001,
0x6501 and 0x6002), no residual value
calculation
Full position scaling with arbitrary values for 100
scaling and modulo and residual value
calculation
TxPDO3 8 Position and Raw position and speed, no scaling 100
“Type 2” speed
Full position and speed scaling with arbitrary 125
values for scaling and modulo and residual value
calculation
TxPDO4 8 Position and Raw position, no scaling 62.5
“Type 3” system time
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scaling and modulo and residual value
calculation

Position scaling with power of 2 for multiplier, 71.4
divider and modulo (see CoE objects 0x6001,

0x6501 and 0x6002), no residual value

calculation

Full position scaling with arbitrary values for 100

Tab. 12: Overview of the minimum Cycle Times for typical Configurations
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10

Error Handling and Diagnosis

The ACURO AC58 EtherCAT’ supports the following mechanisms for diagnosis and error reporting:
»  EtherCAT system diagnosis via the EtherCAT State Machine.

For more information, see section 5.4.3.1, “The EtherCAT’ State Machine (ESM) ¢
»  Profile-specific objects for alarms and warnings.

For more information, see section 6, “Object Dictionary”.

» Sending of CoE Emergency Messages (according to the EtherCAT specification, part 6) to signal

errors, warnings or diagnoses to the master

For more information, see below.

10.1

CoE Emergency Messages

0x1000

Generic Error

Bit 0
“Generic
error” set

OxF1, [ERR],
0x00, 0x00, 0x00
[ERR] =contents
of the encoder’s
error register

Encoder

Error reported by the encoder ASIC

(object 0x6503 alarm bit 0 “Position
error” set)

NOTE! This emergency is thrown
once on rising edge of the Error bit
in cyclic data from encoder. The
error bit in CoE object 0x1001 “Error
register” and the emergency are
delayed until ERR register has been
read from the encoder.

0x1000

Generic Error

(unchanged
by the
reason of
this
emergency)

0xF2, [ERR],
0x00, 0x00, 0x00
[ERR] =contents
of the encoder’s
error register

Encoder

Warning reported by the encoder
ASIC

(object 0x6503 “Alarms”
unchanged)

NOTE! This emergency is thrown
once on rising edge of the Warning
bit in cyclic data from encoder. The
error bitin CoE object 0x1001 “Error
register” and the emergency are
delayed until ERR register has been
read from the encoder.

0x1000

Generic Error

Bit0
“Generic

error” set

0x05, 0x00,
0x00, 0x00, 0X00

Bus
Hood

Error in communication with
encoder

This emergency is thrown when in
<threshold> BiSS cycles in
sequence a communication error
occurs. The threshold can be
configured via CoE object 0x4402
(see 6)
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0x5000 | Device (unchanged | 0x02, 0x00, Bus Reset performed due to CPU
Hardware by the 0x00, 0x00, 0x00 | Hood watchdog state
reason of (object 0x6505 warning bit 2 “CPU
this watchdog state reset performed”
emergency) set)
0x5000 | Device (unchanged | 0x03, 0x00, Bus Operating time limit exceeded
Hardware by the 0x00, 0x00, 0x00 | Hood (object 0x6505 warning bit 3
reason of “operating time” set)
this
emergency)
0x8100 | Communication | Bit0 0x04, 0x00, Bus EtherCAT synchronization warning
“Generic 0x00, 0x00, 0x00 | Hood (SM3 has not been accessed by
error” set master for 50 times)
0x8100 | Communication | Bit0 0x04, 0x00, Bus EtherCAT synchronization warning
“Generic 0x00, 0x00, 0x00 | Hood (SM3 has not been accessed by
error” set master for 50 times)

Tab. 13: CoF emergency messages

» The above defined CoE emergency messages are sent by the slave when an error/warning

ocCcurs.

»  Every time an emergency for a coming error is sent, the information in the pre-defined error
field (object 0x1003, see section 6, “Object Dictionary”) is updated. Object 0x1003 offers 2 bytes
of “Additional information”. Therefore only the first 2 bytes of the Manufacturer-specific error

code are used and also stored in object 0x1003. The first byte indicates the location of error

detection:

0xF1 - encoder error

0xF2 - encoder warning
0x01..0x1F - errors detected by bus hood
»  When an error/warning disappears, a CoE emergency message with error code “Ox0000”

(reset error) is sent by the slave. The value of the error register reflects the status of the device

(other errors may still be present). The value of the CoE emergency Manufacturer-specific error

code is the same as for the incoming emergency

NOTE! If only warnings are present, this is considered as error-free in the emergency state machine.
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10.2 ACURO Specific AL Status Codes

Following ACURO specific AL Status Codes have been defined additionally:

[ vaue

0x8100 WRONG_HW The current firmware version mismatches the bus hood hardware
revision (e.g. firmware version V1.2.0.1 requires hardware revision 3).

0x8101 PARAM_CORRUPT The FLASH storage area which contains all operating parameters is
corrupted.

0x8102 RESID_CORRUPT The FRAM storage area which contains residual value related data is
corrupted.

0x8103 RESID_OVERRUN The mechanism for storage of residual value related data to FRAM has

detected multiple pending residual value storage requests.

0x8104 ENCODER_COMM_ERR Communication between bus hood and encoder module failed.

0x8105 ENCODER_POS_ERR The encoder module informed about a possible position fault.

Tab. 14: ACURO Specific AL Status Codes
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11
11.1

Technical Data

Bus/Power Connections

The Hengstler ACURO AC58 EtherCAT" absolute encoder supports the 100BASE-TX variant of the
IEEE 802.3 standard. 100BASE-TX uses shielded twisted-pair copper cables with two pairs of wires.
Cables of categories CAT 5, 6 or 7 can be used. M12 connectors are used, in keeping with the
industrial applications in which the encoder will be used, and due to the connectors’ excellent
environmental protection provided by this connector type.

The maximum distance between two nodes is limited to 100 meters.

Connections are made via a bus hood with three (3) M12 connectors. The connectors have the
following pinouts.

1 TxD+ UBin TxD+
2 RxD+ N.C. RxD+
3 TxD- 0Vin TxD-
4 RxD- N.C. RxD-
Shield Shield ¥ Shield Shield ¥

M12 connector M12 connector M12 connector

D-coded A-coded D-coded

1 shield connected to encoder housing

Tab. 15: Connector Pinouts

RUN
ERP o
L QO
O POWER Laour O

- ACUR('}@

EtherCcAT.

N POWER our

Fig. 18: ACURO AC58 EtherCAT LED/Connector Layout
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For information on interpretation of the LEDs on the encoder, please see the section 4.3, “LED
Interpretation” in this manual.

11.2 EtherCAT®

ACURO AC58 EtherCAT" has the following supported functions and shown data sizes.

Number of total cyclic

Depends on selection of PDO type

input data

Default PDO 4 bytes
PDO Type 1 5 bytes
PDO Type 2 8 bytes
PDO Type 3 8 bytes
Number of total cyclic

output data None.
Acyclic Communication SDO

SDO Master-Slave

Slave Type

complex slave

SYNCO signal

supported

Distributed Clocks (DC)

supported, 32 bit

CoE Emergency

supported

FoE

supported, used for firmware update

Baud rate

100 MBit/s (fixed)

Data transport layer

Ethernet II, IEEE 802.3

7ab. 16: EtherCAT Technical Data

Limitations

» The standard profile object 0x6002 “ Total measuring range in measuring units” limits the total

resolution (ST * MT) to < 32 bits due to its data type UNSIGNED32.
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12  Appendix
12.1 EtherCAT® commands

The following EtherCAT® commands are defined within the EtherCAT specification:

APRD Auto increment physical read

APWR Auto increment physical write

APRW Auto increment physical read write

FPRD Configured address physical read

FPWR Configured address physical write

FPRW Configured address physical read write
BRD Broadcast read

BWR Broadcast write

BRW Broadcast read write

LRD Logical read

LWR Logical write

LRW Logical read write

ARMW Auto increment physical read multiple write
FRMW Configured address physical read multiple write
NOP No operation

Tab. 17: EtherCAT Command Codes

These commands differ in the addressing method used:
» Auto increment access (APRD, APWR, APRW and ARMW) uses an automatically incremented

position located in the first 16 bits of the command address and a local memory address as
offset (last 16 bits of command address).

» (Fixed) configured address access (FPRD, FPWR, FPRW, FRMW) uses a configured address and a
local memory address as offset located in the last 16 bits of command address.

» Broadcast access (BRD, BWR and BRW) uses a position (first 16 bits of command address) and a
local memory address as offset located in the last 16 bits of command address. The position is
incremented by each slave at BRD.

» Logical access (LRD, LWR and LRW) uses 32 bit logical addresses.
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12.2 CoE Object 2002:1

EtherCAT® manages cyclic and acyclic communication in a manner very similar to CANopen. This is
accomplished via the mailbox protocol CoE (CANopen over EtherCAT). CoE differs only by a few
adaptations and extensions from the CANopen standard. In fact, it capsules the CANopen protocol,
i.e. the data are transmitted within standard CANopen frames with an additional mailbox header
and CoE command header preceding the CANopen frame.

The following figures and tables illustrate the structure of the mailbox header (see Fig. 19), the CoE
command header (see Fig. 20) and the CANopen frame itself (see Fig. 21):

Mailbox header (6 bytes)

Mailbox Header Command Command specific data
6 bytes 2 bytes Up to 1478 bytes
b
Length Address Channel Priprity Type Counter

Fig. 19: Mailbox header

Length 16 bits Length of following data

Address 16 bits Station address of originator

Channel 6 bits reserved

Priority 2 bits reserved

Type 4 bits Mailbox type, see table below

Count 3 bits Sequence number (1...7) to be used for duplicate detection

Tab. 18: Contents of mailbox header

The following table explains the meaning of the mailbox type:

0 Mailbox error

2 EoE Ethernet over EtherCAT

3 CoE CANopen application protocol over EtherCAT
4 FoE File access over EtherCAT

5 SoE Servo drive over EtherCAT

15 VoE Vendor specific profile over EtherCAT

Tab. 19: Meaning of mailbox type
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CoE command header (2 bytes)

Mailbox Header Command Command specific data
6 bytes 2 bytes Up to 1478 bytes
Mumber reswerved Type

Fig. 20: CoF command header

Number 9 bits PDO number (in case of PDO transmission)
Reserved 3 bits Reserved
Type 4 bits Message type see table below

Tab. 20: Contents of Mailbox Header

The following table explains the meaning of the mailbox type:

0 Reserved

1 Emergency message

2 SDO Request

3 SDO Response

4 TxPDO

5 RxPDO

6 Remote transmission request of TxPDO
7 Remote transmission request of RxPDO
8 SDO Information

9-15 Reserved for future use

Tab. 21: Meaning of mailbox type
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CoE frame (8 ... 1478 bytes)

Mailbox Header Command Command specific data
6 bytes 2 bytes Up to 1470 bytes
C:s:nol?ul Index Subindex Data Optional data

Fig. 21: CoF frame

SDO Control 8 bits Standard CANopen SDO services

Index 16 bits Index for object addressing within the object dictionary
(not to be confused with the index in section 5.4.2.1)

Subindex 8 bits Subindex for object addressing within the object dictionary

Data 32 bits Data for SDO service

Optional data 0...1470 bytes Full mailbox size usable for further data if required

Tab. 22: Contents of CoF frame

84/84 Part No. 2 565 651 Mod. No. 3200716TK



