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1 Product Overview

o
FOAT-203

1.1 Introduction

The EtherCAT slave ECAT-2093 is an incremental encoder counter which provides three
independent high-speed counter channels. It reads the pulse train generated by an
incremental encoder and can be used in positioning feedback applications. Each channel
has two counter inputs. The inputs can either be single-ended or differential signals.
Three counting modes are supported: clockwise/counterclockwise, pulse/direction and
guadrant counting mode. The hardware index latch function allows the latching of
encoder position of an assigned channel. The velocity calculation function provides the
position difference during the specified time interval. Low pass filter functions for
filtering out electrical noises are provided.

1.2 Technical Data

Features:

* EtherCAT slave

¢ Three channels, 32-bit incremental encoder counters

* Encoder counting mode: CW/CCW , Pulse/Direction, A/B Phase
¢ Maximum counting rate: 4 MHz

* Encoder Input: A, B, Z differential or single-ended signals

* Flexible channel assignment for Index counter latch function

* Position difference value for velocity calculation

* Digital input filter
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* Input level: 5V, 12V/24V with internal resistor
* Polarity setting by software for active high or active low encoder input
e A/B/Z signal isolation voltage: 2500V optical isolation

1.3 Specification

* Encoder input specification:
e Parallel I/0 Module:
3-Channel, 32 bits encoder counter.
* Encoder Mode:
- CW/CCW mode
- Pulse/Dir mode
- Quadrant mode
¢ Maximum Counting Rate:
- CW/CCW mode 4M pulse/sec
- Pulse/Dir mode 4M pulse/sec
- Quadrant mode 4M pulse/sec
* |nput Level:
- Input level 5V
=  logic high:4V~5V
= logiclow:0V~2V
- Input 12 V with internal resistor 1 K ohm
=  Llogic high:5V~12V
= logiclow:0V~2V
- Input 24V with internal resistor 1K ohm
=  Llogic high:5V~24V
= Logiclow:0V~2V
¢ EtherCAT specification:
- 2 x RJ-45 bus interface
- Distance between stations up to 100 m (100BASE-TX)
- Support daisy chain connection
- EtherCAT conformance test tool verified
- Supports Free-Run, SM synchron and Distributed Clock (DC) operation modes
- Cycle times: 1 ms or an integer multiple of 1 ms
¢ LED indicators for EtherCAT and encoder status

ICP DAS Page 4 ECAT-2093 User Manual
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Item

Specification

Encoder

Number of encoder inputs

3x encoder counter (A, B, Z),
differential or single-ended

Resolution

32 bit

Maximum input pulse frequency

4 MHz

Input level:

¢ 5V (default)
¢ 12V/24V with internal resistor (set by jumper)

Photo-Isolation

2500 Ve

LED Indicators

Diagnostic LED

Power, EtherCAT status, signal status of each
encoder input

Communication Interface

Connector

2 x RJ-45

Protocol

EtherCAT

Distance between stations

Max. 100 m (100BASE-TX)

Data transfer medium

Ethernet/EtherCAT Cable (Min. CAT 5), Shielded

Power

Input voltage range

20 Vpc ~ 30Vpc

Power consumption

Maximum 4.5W

EMS Protection

ESD (IEC 61000-4-2)

4 KV Contact for each channel

EFT (IEC 61000-4-4)

Signal: 1 KV Class A; Power: 1 KV Class A

Surge (IEC 61000-4-5)

1KV Class A

Mechanism

Installation

DIN-Rail

Dimensions (LxWxH) [mm]

110mm x 90mm x 33mm (without connectors)

Case material

UL 94V-0 housing

Environment

Operating temperature

-25C ~70C

Storage temperature

-30°C ~80°C

Relative humidity

10 ~90%, No condensation

Table 1: Technical data
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1.4 Dimensions

FE
o
372 @
- Left Side View

Figure 1: Dimensions of the ECAT-2093
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2 Scope of Delivery

The shipping package includes the following items:
* 1 x ECAT-2093
* 1 x 20-pin plug-in connector
* 1 x3-pin plug in connector (for power supply)
¢ 1 x Quick Start manual

Figure 2: ECAT-2093 module and Quick Start manual

Note:
If any of these items are missing or damaged, please contact your local distributor.
Please keep the original retail box with all retail packaging (Styrofoam, inner boxes,
fasteners, etc.) in case you need to return the product.

More Information:

* Product website:
http://www.icpdas.com/root/product/solutions/industrial_communication/fieldbus/e
thercat/motion/ecat-2093.html

Manual:
ftp://ftp.icpdas.com/pub/cd/fieldbus_cd/ethercat/slave/motion/ecat-2093/manual/

XML EtherCAT Slave Information (ESI) file:
ftp://ftp.icpdas.com/pub/cd/fieldbus_cd/ethercat/slave/motion/ecat-2093/esi/

* FAQ:
http://www.icpdas.com/root/product/solutions/industrial_communication/fieldbus/e
thercat/ethercat_faqgs.html

Technical support:
service@icpdas.com
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3 LED Definition

The ECAT-2093 provides on the front side several diagnostic LEDs which indicates the
signal status of each encoder channel.

Furthermore there are three LEDs to show the EtherCAT network status. The exact
meaning of each LED is described in the following tables:

EtherCAT Status LED

Encoder Input LED

Figure 3: ECAT-2093 LEDs

EtherCAT LED Color State Description
RUN red This LED indicates the operation state of
the EtherCAT slave:
Off Device is in INIT state
Flashing Device is in PREOP state
Single flash Device is in SAFEOP state
Outputs remain in safe state
On Device is in OP state
IN green Indicates the communication status of
the EtherCAT port IN
Off No connection
Flashing Link and activity (e.g. data exchange with
the master)
On Link without any activity
ouT green Indicates the communication status of
the EtherCAT port OUT. Further EtherCAT
slave can be connected to the port OUT
Off No EtherCAT slaves are connected to port
ouT
Flashing Link and activity (e.g. data exchange
connected slaves)
On Link without any activity
Table 2: EtherCAT status indicator
ICP DAS Page 8 ECAT-2093 User Manual
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Control LED Color Description

* red - Power indicator

* R kxR (first row) green - LED 0: AO channel status

01234567 - LED 1: BO channel status
- LED 2: CO channel status
- LED 3: reserved
- LED 4: Al channel status
- LED 5: B1 channel status
- LED 6: C1 channel status
- LED 7: reserved

* KRk kX Rk (second row) green - LED 8: A2 channel status

89101112131415 - LED 9: B2 channel status
- LED 10: C2 channel status
- LED 11: reserved
- LED 12: reserved
- LED 13: reserved
- LED 14: reserved
- LED 15: reserved

Table 3: Diagnostic LEDs
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4 Wiring

4.1 Connection Interfaces

Figure 4: ECAT-2093 side view with power supply and EtherCAT connection

Name Signal Description
F.G Frame ground
GND Power supply: Ground OV (from Feeding for ECAT-2093

negative power contact)

Power supply: +24 V¢ (from positive

+Vs

power contact)
IN EtherCAT signal input Incoming EtherCAT cable
ouT EtherCAT signal output Outgoing EtherCAT cable

Table 4: ECAT-2093 power supply and EtherCAT interfaces
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e
ECAT-2093

Link/Activity
RUN IN OUT

0O
PWR

ADBOCO A1BI1CY

A2B2C2

EtherCAT.

g
g

o
R
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Figure 5: ECAT-2093 front view with encoder inputs

Name Signal Signal Description
A0+ Input Encoder input A0+
AO- Input Encoder input AO-
BO+ Input Encoder input BO+
BO- Input Encoder input BO- Encoder Channel 0
20+ Input Encoder input CO+
Z0- Input Encoder input CO-
Al+ Input Encoder input A1+
Al- Input Encoder input Al-
B1+ Input Encoder input B1+
B1- Input Encoder input B1- Encoder Channel 1
Z1+ Input Encoder input C1+
Z1- Input Encoder input C1-
A2+ Input Encoder input A2+
A2- Input Encoder input A2-
B2+ Input Encoder input B2+
B2- Input Encoder input B2- Encoder Channel 2
22+ Input Encoder input C2+
Z2- Input Encoder input C2-

Table 5: Connection interfaces of the encoder
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4.2 Encoder Connection

The ECAT-2093 can accept encoder inputs from either differential or single-ended
signals. By default it is set to support differential encoder signals as they are preferred
due to their excellent noise immunity. For open collector type encoder the internal
resistor needs to be enabled. The ECAT-2093 does not provide an internal power supply
for the encoder therefore the encoder has to be connected to an external power supply.

E(]T—Zﬂﬂ Encoder
Channel 0
RUN N OUT AD+
000 AD-
Encoder
Channel 1 PWR B0+
Al+ MBI ABICY BO-
- External encoder -
Al- power supply
EthercAT ™
B1+
B1- 1
External encoder | —
power supply o ;
| External encoder
power supply
i
Encoder
Channel 2
A2+
A2-
B2+
B2-
Figure 6: Differential encoder connection
ICP DAS Pagel12 ECAT-2093 User Manual
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| ECAT-2093 JP5- P13 |
] 1
]
i 3 2 1 :
] ]
] ]
] ]
] ]
] ]
: I
: AN _A+/B+/C+
: 320Q 1000Q i
| 4c<]§'5 A |
' I
i i A-/B-IC-
: I
] ]
] ]
P o - 1

Figure 7: Encoder channel circuit

For single-ended encoder connection the ECAT-2093 provides an internal 1k Ohm
resistor for each signal input. The internal resistor can be selected by setting the jumper
of the corresponding encoder channel to the position 1-2. The housing needs to be
opened in order to set the jumper. For enabling the internal resistor Table 6 lists for each
encoder signal input the corresponding jumper position. Figure 8 and Figure 9 shows
the basic wiring diagram for open collector connection.

T T T E e EEEEEEEEE - -
| ECAT-2093 | ! i
i JP5 - JP13 E i Open Collector Type Encoder E
1 | 5~24Vvdc ! H
s ] | s
H i ! H
H i ! H
H i ! H
- AW AN : | !
E 3200 10000 | A+/B+Cx ! i
H —cq% ! I |
! H H i
i | A-/B-iC- v i
1 1 1 1
H i ! i
1 ] ] A/BIC Phase !
1 1 ] !
! : : i
| l ! '
i | ! |
i | ! |
i | EGND | H
................................................ 4 S |
Figure 8: Open collector wiring diagram (Sourcing Digital Input)
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ECAT-2093

JP5 - JP13

1]

5~24Vdc

Open Collector Type Encoder

A/B/C Phase
AN AW
]w* * 3200 10000 At/BH/CH
A-IB-IC- i
EGND
Figure 9: Open collector wiring diagram (Sinking Digital Input)
r ™
3/2[1
JP5 (= = m
UPg | |=|m
JP7 |= |
JPg |=|= =
JPY |= =
P10 = =
P11 |=|= =
JP12 [ = |
P13 (= ==
\ J

Figure 10: Jumper location

Jumper No Channel Jumper position 2-3 Jumper position 1-2

JP5 Encoder input AO Differential channel Open collector channel
JP6 Encoder input BO Differential channel Open collector channel
JP7 Encoder input Z0 (CO) Differential channel Open collector channel
JP8 Encoder input Al Differential channel Open collector channel
JP9 Encoder input B1 Differential channel Open collector channel
JP10 Encoder input Z1 (C1) Differential channel Open collector channel
JP11 Encoder input A2 Differential channel Open collector channel
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Jumper No Channel Jumper position 2-3 Jumper position 1-2
JP12 Encoder input B2 Differential channel Open collector channel
JP13 Encoder input Z2 (C2) Differential channel Open collector channel

Table 6: Jumper definitions for the encoder channels

The input levels for the open collector with the internal resistor of 1 K ohm is as follows

* lInput 12 V:

- LogicHigh:5Vv~12V
- Logiclow:0V~2V

* Input 24V:

- LogicHigh:5V~24V
- Logiclow:0V~2V

ON State LED ON

Input Type Readback as 1

OFF State LED OFF
Readback as 0

NPN

Output T{F S| x

Open Collector ON

Open Collector OFF

Al ps| | x+

Al ng] ] x+
e || x-

PNP

— 1S || X+
Output 2| || x-

Open Collector ON

Open Collector OFF

+ -

— 0S| || X+
| OFF §7) x =

Figure 11: Encoder counter (A/B) and index (C) input wiring

ICP DAS
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5 Basics Communication

5.1 EtherCAT Cabling

The cable length between two EtherCAT devices must not exceed 100 m.

Cables and connectors

For connecting EtherCAT devices only Ethernet connections (cables + plugs) that meet
the requirements of at least category 5 (CAT5) according to EN 50173 or ISO/IEC 11801
should be used. EtherCAT uses 4 wires for signal transfer.

The pin assignment is compatible with the Ethernet standard (ISO/IEC 8802-3).

5.2 EtherCAT State Machine

The state of the EtherCAT master and slave is controlled via the EtherCAT State Machine
(ESM) . The state determines which functions are accessible or executable in the
EtherCAT slave. State changes are typically initiated by requests of the master and
acknowledged by the slave after the successful initialization. In case of an internal error,
the slave automatically changes to a lower state.

The ECAT-2093 supports four states:
* I|nit (state after Reset)

* Pre-Operational

¢ Safe-Operational

¢ QOperational

ICP DAS Page16 ECAT-2093 User Manual
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Init

A A
(lF’)\ (F’l)] (Sh)
Pre-Operational
A
(Ol) (OP) (PS)| (SP)
Safe-Opérational
(SO) | (OS)
v |
Operational

Figure 12: EtherCAT state machine

Init

After switch-on the EtherCAT slave is in the initial state. Only ESC register communication
is possible, but no mailbox or process data communication. The slave initializes the
service object data with default value or with values previously stored to the local
memory. The EtherCAT master assigns the station address and configures the sync
manager channels 0 and 1 for acyclic mailbox communication.

Pre-Operational (Pre-Op)

In Pre-Op state acyclic mailbox communication is possible, but not process data

communication. In this state the EtherCAT master does the following configurations:

* Set the sync manager 2 and 3 of the ECAT-2093 for process data communication (from
sync manager channel 2)

* The FMMU channels

* PDO mapping or the sync manager PDO assignment

* The user has the option to save motion control related configuration data (0x8000 -
0x8020) to a non-volatile memory.

Safe-Operational (Safe-Op)

In Safe-Op state both mailbox and process data communication are enabled, but the
slave keeps its outputs in a safe state, while the input data are updated cyclically. The
slave will ignore the output data sent by the master and just return the current input

ICP DAS Pagel7 ECAT-2093 User Manual
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data (e.g. digital input, encoder value, etc.)

The sync manager watchdog expires when the master application does not provide new
output process data within the configured watchdog time. In this case the slave will
automatically go from operational state to ERROR-SAFEQOP state.

Operational (Op)

Here both the process data object (PDO) and service data object (SDO) are fully enabled.
Master sends cyclic output data and read input data. The ECAT-2093 supports three type
of Op modes: Free Run mode, SM-Synchron and Distributed Clock (DC) mode.

5.3 Synchronization Modes

ECAT-2093 devices support three different modes:

* Free Run: The master cycle time and slave cycle time are independent and not
synchronized.

* SM-Synchron: The master cycle time interval is not deterministic and can vary. Master
and slave process data handling are synchronized. The slave only starts processing data
once it received a new datagram from the master.

¢ Distributed Clock (DC): The cycle time and interval is fixed and deterministic. Both the
master and slave cycle time are synchronized. The slave processes data at a fixed and
deterministic time interval (DC cycle time). The slave expect the master to exchange
process data at a fixed time interval. If the master does not send/read data within the set
time interval then an synchronization error will be generated by the slave.

5.3.1 Free Run Mode

The slave operates autonomously based on its own cycle and is not synchronized with
the EtherCAT cycle. The master cycle time and the slave cycle time are fully independent which
means each slave device reads/writes its own process data according to its local time,
independent of the master’s cycle time.

Master Slave
Polling cycle © | Update cycle
= O
A
= M

Figure 13: Master-slave cycle in Free Run mode
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The following diagram shows the process timing of the slave in Free Run mode in detail:

Slave cycle time

>
Read master output Process master Write slave status
| data from DPRAM | output data and . data to DPRAM
read slave status
= Pﬂ > < >

Main loop start Main loop start

Figure 14: Slave processing sequence in Free-run mode

The slave firmware checks in each cycle time the memory of the EtherCAT slave chip
(ESC) whether new output data has been received from the master. Newly received data
will be processed. In the next step the encoder input status are being read from the
FPGA chip. In the final step the read status are being written to the DPRAM, so that the
master can retrieve the data ESC DPRAM in the next cycle time.

Free Run synchronization parameter has to be set in PREOP mode:

0x1C32.1=0

0x1C33.1=0

The setting of the Free Run synchronization parameter can be done in TwinCAT by
clicking on the "CoE online" tab of the ECAT-2093 slave. Make sure the slave is set into
PreOP mode before modifying the synchronization parameters

ICP DAS Page19 ECAT-2093 User Manual
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| General | EtherCAT | DC | Process Data | Startup | CoE - Online |On|ine|

l Update List ] [ ] Auto Update Single Update [ |Show Offline Data

l Advanced... ]

[ AddioStamup. |  OnlineData Module OD (AcE Port): 0
Index Name Flags WValue Unit
--1C32:0 SM output parameter »32<

| 1C32:01 Synchronization Type RW 0x0001 (1) |
1C32:02 Cycle Time RO 0x0D0000000 (0)
1C32:04 Synchronization Types suppo... RO Ox400F (16399)
1C32:05 Minimum Cycle Time RO 0x0D00186A0 (100000)
1C32:06 Calc and Copy Time RO Ox000061A8 (25000)
1C32:08 Get Cycle Time RW 0x0000 (0)
1C32:09 Delay Time RO 0x000009C4 (2500)
1C32:0A Synclh Cycle Time RW 0xD007A120 (500000)
1C32:0B SM-Event Missed RO 00006 (6)
1C32.0C Cycle Time Too Small RO 0x0000 (0)
1C32:20 Sync Error RO TRUE
--1C33:0 SMinput parameter »32<
|-1c33:01 Synchronization Type RW 0x0002 (2) |
1C33:02 Cycle Time RO 0x0D0000000 (0)
1C33:04 Synchronization Types suppo... RO Ox400F (16399)
1C33:05 Minimum Cycle Time RO 0x0D00186A0 (100000)
1C33:06 Calc and Copy Time RO Ox000061A8 (25000)
1C33:08 Get Cycle Time RW 0x0000 (0)
1C33:09 Delay Time RO 0x000009C4 (2500)
1C33:0A Synclh Cycle Time RW 0xD000AT20 (41248)
1C33:0B SM-Event Missed RO 00000 (0)
1C33:.0C Cycle Time Too Small RO 0x0000 (0)
1C33:20 Sync Error RO FALSE

Figure 15: SyncManager setting for Free-Run mode

5.3.2 SM-Synchron

In this mode both the master and the slave are synchronized but the data exchange cycle
interval is not deterministic. The slave waits for the master to send a data telegram
before starting to process the input and output data. In this mode the process data
handling is being initiated by the master which determines the cycle time.

Once the output data sent by the master arrives at the slave it immediately starts
processing the output data. In the next step the encoder input data will be written to the
internal process data image of the slave. The input process data image will be read by
the master in the next cycle.

SyncManager synchronization parameter:

0x1C32.1 =0x1

0x1C33.1 = 0x22
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By setting the operation mode of TwinCAT to "SM-Synchron" the SyncManager
synchronization parameter are set by default to the above values.

| General | EmerCAT| DC | Process Data | Startup | CoE - Online | Online|

Operation Mode: ISM—Synchron vJ

\ Advanced Settings... I

Figure 16: SM-Synchron mode selection

5.3.3 Distributed Clocks (DC Mode)

DC clock synchronization enables all EtherCAT devices (master and slaves) to share the
same EtherCAT system time. The EtherCAT slaves in the network can be synchronized to
each other. This enables the master to simultaneously set the output (e.g. digital output,
pulse output) or to synchronously read inputs (e.g. digital input, encoder counter) of
different slaves in the EtherCAT network.

For system synchronization all slaves are synchronized to one reference clock. Normally
the first EtherCAT slave closest to the master with Distributed Clocks capability becomes
the clock base for the master as well as for other DC slaves.

The EtherCAT slave is synchronized with the SYNCO or SYNC1 event of the distributed
clock system. After the EtherCAT network has been set into DC communication mode by
the master, the ESC (EtherCAT slave chip) of each slave generates fixed time hardware
interrupt which triggers the slave firmware to process the PDO data received from the
master. The master cycle time and the ESC hardware interrupt time interval are fully
synchronized to the first slave in the network that is used as a reference clock with the
SYNCO signal.

Master Slave
Polling cycle Updat%cycle
)

=

Figure 17: Master-slave cycle in DC mode

ZE>r20U0VO

[ 1]
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Cycle Time (0x1C32.2/0x1C33.2)

master

I Slave reads

1
1
output Process 1 Read slave input
1
1
1

1
| I
1
data from master output status (DI, motion | Write slave status
DPRAM data state) | data to ESC DPRAM I
al g | . I >l .
< >ig > < >
CEIC a“d 1 1 Calc and Copy I
Copy Time Delay Time : Delay Time I Time
(0x1C32.6) (0x1C32.9) I (0x1€33.9) : (0x1C33.6)
I ' | |
1 1
1 1
I | ' |
Outputs Inputs
I valid valid I
SyncManager 2
_ yncManager
SyncManager 2 Sync0: ESC (SM2) event: Sync0: ESC
(SM2) event: hardware Master sent hardware
Master sent interrupt signal output data and interrupt signal
output data and read status
read status data

data

Figure 18: Internal slave processing sequence in DC mode

Once the slave receives process data (RxPDOs) from the master the SM2 event is
triggered which causes the firmware to read the data from the ESC memory. The ESC
interrupts the firmware at fixed time interval to process the data received from the
master and write the status data to the ESC memory. Every time when the master fails
to sent process data within the DC cycle time the internal sync error counter is being
increase by three counts. This error counter is being decreased by one count for every
successful DC cycle. Once the error counter reached the maximum count (default 4) a
sync error will be generated and the slave goes into Safe OP mode (Sync Error
0x1C32:20 TRUE). The maximum count value can be set by changing the default value of
the "Sync Error Counter Limit" (0x10F1:02).

Index MName Flags Value

= 10F1:0 Error Settings »2<
10F1:01 Local Error Reaction RwW 000000001 (1)
10F1:02 Sync Error Counter Limit RwW 00004 (4)

Figure 19: Sync error counter limit object

The setting of the sync manager for the output and input data is available at the
TwinCAT "CoE online" tab.
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Index

- 1C32:0
1C32:01
1C32:02
1C32:04
1C32:05
1C32:06
1C32:08
1C32:09
1C32:04
1C32:0B
1C320C
1C32:20

Mame

SM output parameter
Synchronization Type
Cycle Time
Synchronization Types supported
Minimum Cycle Time
Calc and Copy Time
GetCycle Time
Delay Time

SyncO Cycle Time
SM-Event Missed
Cycle Time Too Small
Sync Error

Figure 20: SyncManager 2 parameters

Flags

RW
RO
RO
RO
RO
RW
RO
RW
RO
RO
RO

Value

»32<

0x0002 (2)

0x00000000 (0)
0x401F (16415)
0x001E8450 (2000000)
0x0007A120 (500000)
0x0001 (1)
0x000927C0 (600000)
0x005B3D30 (6000000)
0x0000 (0)

0=0000 (0)

FALSE

SyncManager parameter description (time unit: nanosecond):
Calc and Copy Time (0x1C32.6 / 0x1C33.6): Required time to copy the process data
from the ESC to the local memory and calculate the output value.
Delay Time (0x1C32.9 / 0x1C33.9): Delay from receiving the trigger to set the output
or latch the input.
Cycle Time (0x1C32.2 / 0x1C33.2 ): The current cycle time for the application. When

using DC synchronization the value is read from register 0xX9A0:0x9A3.

0x1C32.5 / 0x1C33.5 (Min Cycle Time): Minimum cycle time for the application. It is
the total execution time of all slave application related operations.
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6 Project Integration

In this chapter the integration of the ECAT-2093 device into a TwinCAT controlled
EtherCAT network is being described. In general the ECAT-2093 is a standard EtherCAT
slave which can be controlled by any standard EtherCAT master (e.g. Acontis, CODESYS,
etc.).

6.1 ESIFile

A ESI file describes the properties and functions supported by the ECAT-2093. By using
the ESI file an easy and abstract integration of an EtherCAT device in a project tool is
realized. With the help of the ESI file a detailed knowledge of EtherCAT is not required to
configure the device. The TwinCAT EtherCAT master/System Manager needs the device
description files in order to generate device configuration in online or offline mode.

6.1.1 Import of ESI File

Copy the XML description file "ECAT-2093.xml" of the ECAT-2093 device into the TwinCAT
system directory and restart the TwinCAT system.

For TwinCat 3.1 copy the ESI file "ECAT-2093.xml" in the following directory:
C:\TwinCAT\3.1\Config\lo\EtherCAT

Software Default directory path

Beckhoff EtherCAT Configuration C:\EtherCAT Configurator\EtherCAT
Beckhoff TwinCAT 3.x C:\TwinCAT\3.x\Config\lo\EtherCAT
Beckhof TwinCAT 2.x C:\TwinCAT\lo\EtherCAT

Table 7: ESI file target directory

6.2 Device Setup and Configuration

In this manual only the online configuration of the slave module will be discussed. For
offline configuration procedure please consult the TwinCAT user manual.

The following conditions must be met before a configuration can be set up:
* The ECAT-2093 slave devices must be connected via EtherCAT cables to the EtherCAT
master. In this manual TwinCAT 3.1 version is being used as the EtherCAT master and
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configuration tool

* The ECAT-2093 devices has to be connected to a power supply and ready for
communication

* Set the TwinCAT in CONFIG mode.

6.2.1 Scanning of the EtherCAT Device

After the TwinCAT has been set into CONFIG mode the online device search can be
started.

Step 1:Right-click the “Devices” in the configuration tree to open the scan dialog. Click
"Scan" to search the ECAT-2093 device.

« E1o
“& Device .
3% Mappit =i Add New Item... Ctrl+Shift+A
24 Add Existing Item... Shift+Alt+A

Export EAP Config File
\ Scan
4y Paste Ctrl+V

Paste with Links

Step 2:Select "OK"

HINT: Mot all types of devices can be found automatically

o ] [comen ]

Step 3:Select the Ethernet device (Ethernet chip) to which the ECAT-2093 is connected
to. Confirm the selection with "OK".

2 new I/O devices foul

DDeviCE 1 [EtherCAT Automation Protocol) — [17%s%u (Realtek PCle GBE Famiky Contraller - il 0K
[#]Dievice 3 (EtherTAT) ["I‘”lss‘éu 3 (TwinCAT-Intel PCI Ethernet Adapter (Gig]
Cancel

Figure 21:List of Ethernet chips detected on the EtherCAT master PC
Step 4:Start the scan process by clicking "Yes"
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Microsoft Visual Studio o

| Scan forb
e can for boxes

By default all three encoder channels are displayed in the tree view:
4 % Box 1 (ECAT-2093)
EMNC Status Ch.0
EMNC Status Ch.1
EMNC Status Ch.2
- [ ENC Control Ch.0
- ENC Control Ch.1
- ENC Control Ch.2
- B WcState

- @ InfoData
Figure 22: Default parameter selection for the ECAT-2093

6.2.2 Encoder Counter Configuration

The configuration of the ECAT-2093 device such as the encoder mode, filter setting etc.
only needs to be done once before the actual encoder counting starts. These parameters
have to be accessed via the CANopen over EtherCAT (CoE) protocol and are listed in the
"CoE online" tab. The CoE protocol has a lower priority than the cyclic process data
object (PDO) communication. Therefore the CoE parameters will not be updated in every
cycle but only when the master has spare time.

Encoder relevant CoE parameter are listed in the Encoder setting object (Index 0x8000,
0x8010, 0x8020)

For each channel the following configuration procedure has to be done:
- Counter mode setting
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- A/B/C signal polarity setting. The input signal may be active low or active high.
- Low pass filter clock cycle setting
Example of setting the encoder counting mode for each channel:

Step 1: Go to "ENC Setting Ch.0" of a channel. Extend the index tree and double click
"Counting mode" with the index 8000:09 for channel 0.

General | EtherCAT | DC Frocess Data | Startup | CoE - Online | Snline
[ Update List | P 2wt Updats Single Update [ Show Offline Data
[ Advanced... ]
Maodule 0D (AcE Portd: |0
Index MName Flags Walne
= 80000 ENC Settings Ch.0 =11 =<
2000:01 A signal polarity EW Active high (1D
2000:02 B signal polarity EW Active high (1D
Q0.0  siznal polarity B Active high (13
I 2000:02 Counting mode EW Cmadrant connting mode (3) I
2000:04A Low pass filter R 4h1Hz= AE Fhase: 6MHz...
2000:0B Latch encoder channel EW Defanlt channel (0%
= 8010:0 ENC Settings Ch.1 =11 <
2010:01 A signal polarity EW Active high (1D
2010:02 B signal polarity EW Active high (1D
2010:03  signal polarity EW Active high (1D
2010:09 Counting mode EW Cmadrant connting mode (3)
2010:04 Low pass filter EW 40IHz AE Fhase: 6MHz...
2010:0B Latch encoder channel EW Defanlt channel (0%
= B020:0 ENC Settings Ch.2 =11 =<
2020:01 A signal polarity EW Active high (1D
2020:02 B signal polarity EW Active high (1D
B020:03 C signal polarity EW Active high (1D
B020:00 Counting mode EW Cmadrant connting mode (3)
B020:04 Low pass filter EW 4 IHz AR Fhase: 6MHz...
2020:0B Latch encoder channel EW Defanlt channel (0%

Step 2:Select one of the modes listed in the drop list and click "OK"

o

Set Value Dialog

3
Hex: 0x03 Cancel
Enum: Cuadrant counting maode v]

CWICOW counting mode
Pulse/Direction counting mode

Bool:

Binary: 03 i

Bit Size: 1 @8 16 32 B4 ?

Step 3: Once the setting has been successfully sent to the slave it will be displayed in the
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CoE online parameter list. In the figure below "CW/CCW counting mode" has
been selected for channel 0. This value needs only to be set once and
therefore does not have to be sent in every cycle time.

General | EtherCAT | DC Frocess Data | Startup | CoE - Online | Snline

[ Update List P s Unders Single Update [ Show Offline Data
[ Advanced... ]

Maodule 0D (AcE Portd: |0

Index MName Flags Walne
= 80000 ENC Settings Ch.0 =11 =<
2000:01 A signal polarity EW Active high (1D
2000:02 B signal polarity EW Active high (1D
2000:03 C sirmal polarity EW Active high {13
I 200002 Counting mode EW CWICCW connting maode (l)l
0004 Lowr pass filter W 4hIHz= AR FPhase: bbHz...
2000:0B Latch encoder channel EW Defanlt channel (0%
= 8010:0 ENC Settings Ch.1 =11 <
2010:01 A signal polarity EW Active high (1D
2010:02 B signal polarity EW Active high (1D
2010:03  signal polarity EW Active high (1D
2010:09 Counting mode EW Cmadrant connting mode (3)
2010:04 Low pass filter EW 40IHz AE Fhase: 6MHz...
2010:0B Latch encoder channel EW Defanlt channel (0%
= B020:0 ENC Settings Ch.2 =11 =<
2020:01 A signal polarity EW Active high (1D
2020:02 B signal polarity EW Active high (1D
B020:03 C signal polarity EW Active high (1D
B020:00 Counting mode EW Cmadrant connting mode (3)
B020:04 Low pass filter EW 4 IHz AR Fhase: 6MHz...
2020:0B Latch encoder channel EW Defanlt channel (0%

All the relevant encoder configurations have to be set first before the polling of the
encoder counter starts. Once the parameters are set, the encoder counter is basically
ready for operation.

If required, the configuration can be permanently save to an internal non-volatile
memory of the ECAT-2093. After powering on the device it will immediately be initialized
according configuration setting. For saving configuration data follow the instruction of
chapter 8.2.

6.2.3 EtherCAT Slave Process Data Assignment

The user has to select the process data which has to be transferred between the

EtherCAT master and slave during each cycle (Process Data Objects, PDOs). The process

data exist of two parts:

* TxPDO: Data which is being read by the master (e.g. encoder status) .

* RxPDO: Data or parameters which is being sent to the slave (e.g. reset encoder
position).

Once the parameters of the process data image has been defined by the user the master
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will exchange the in- and output data in every cycle.

The ECAT-2093 allows the user to select for each encoder channel the process data to be
transmitted. In TwinCAT the supported process data objects are listed in the "PDO
Assignment (0x1C12)" and "PDO Assignment (0x1C13)" boxes.

PDO selection procedure:

1.
2.

=
-d Solution 'ECAT-2093_empty’ (1 project)
4 Gl ECAT-2093_empty
- @l SYSTEM
MOTION
PLC
£ SAFETY
C++
“ /o
4 %% Devices
4 = Device 1 (EtherCAT)
*¥ Image
%% Image-Info
- 2 SyncUnits
Inputs
;[ Outputs
> & InfoData
4§ Box 1 (ECAT-2093)
ENC Status Ch.0
ENC Status Ch.1
ENC Status Ch.2
> ENC Control Ch.0
: | ENC Control Ch.1
- B ENC Control Ch.2
- B WcState
» B InfoData
&% Mappings

Activate the "Process Data" tab of the ECAT-2093 slave
For RxPDO selection: click in the "Sync Manager" window the "Outputs" line and in
the "PDO Assignment (0x1C12)" window select for each encoder channel the
required RxPDO (see Figure 23). For the ECAT-2093 only one RxPDO object for each
encoder channel is available for selection. By default TwinCAT selects all the process
data supported by the ECAT-2093. If the variables listed in the RxPDO are not
required for the application then deselect the PDO in order to reduce the process
data image size.
For TxPDO selection: click in the "Sync Manager" window the "Inputs" line and in
the "PDO Assignment (0x1C13)" window select for each encoder channel the
required TxPDO. The process data contains status variables for the encoder and
latch values, and signal status information. It is necessary to select this process
data object otherwise it is not possible to retrieve any status information from the
encoder channel.

‘ General | EtherCAT | DC | Process Data ‘Slarlup | CoE - Online | Onlmel

Sync Manager:

PDO List

SM Size Type Fla Index Size  Name Flags SM suU
0 128 MbxQut 0x1AQ0 100  ENC Status Ch.0 F 0
1 128 Mbxin Ox1A01 120  ENC VEL Status Ch.0 F 0
Ox1A10 100 ENC Statws Ch.1 F 3 0
3 30 Inputs 0x1A11 120 ENC VEL Status Ch1 F o
0x1A20 100  ENC Status Ch2 F 3 o
0x1A21 120  ENCVEL Status Ch.2 F 0
0x1600 20 ENC Control Ch.0 F 2 o
0x1610 20 ENC Control Ch.1 F 2 0
0x1620 20 ENC Control Ch.2 F 2 o
PDO Assignment (0x1C12) PDO Content (0x1A00)
] 0x1600 Index Size Offs  Name Type Default (h... -
[]0x1610 0x600001 01 00  Resetcounterdone BIT [
[]0x1620 — 01 01 — 3
0x6000:03 01 02 Signal ofinput A BIT
0x6000:04 01 03 Signal ofinput B BIT
0x6000:05 01 04 Signal ofinput C BIT
= 03 05 = -
Download Predefined PDO Assignment (none) -

DPDO Configuration

{Load PDO info from device

{Sync Unit Assignment.

Figure 23: Predefined PDO assignment selection

Download the new PDO assignment to the Sync manager of the slave by clicking "Restart
TwinCAT (Config Mode)" in the drop down menu. Make sure the check box next "PDO
Assignment" is enabled.
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- TwinCAT | TwinSAFE PLC Team Data Tools Test

:. Activate Configuration

t!l Restart TwinCAT System

1 Restart TwinCAT (Config Mode)
+ Reload Devices

@ Toggle Free Run State

A
Figure 24: Download PDO assignment and restart TwinCAT

The device is now ready to be set into Free-Run or DC mode.
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7 Parameter Description

7.1 Counting Mode

The ECAT-2093 encoder counter supports three modes:
- Pulse/Direction counting mode
- Clockwise/Counterclockwise mode
- Quadrant counting mode

The encoder counter mode has to be set via CoE (0x80n0:09, n=0;1;2)

In the pulse/direction counting mode (Figure 25) one input signal line is being used to
indicate the position and a second one indicates the direction of motion, either forward
or reverse. The "A" signal serves as the counter input and the "B" signal serves as the
direction input (B = high: enables up count; B = low: enables down count). The ECAT-
2093 counts the rising or falling edges of the "A" signal pulses and the "B" signal
determines the direction of the count and decides whether to increment or decrement
the counter. On every active input signal "A" the position counter is incremented by one
when the direction input "B" signal is high and decremented by one when the direction
input "B" is low.

Pulse/Direction Counting Mode

A->Pulse

B->Direction i

Encoder Value 0\1/_2/}1\0/-1_/
Count up Count down

Figure 25: Pulse/Direction counting mode

In clockwise/counterclockwise mode (Figure 26) the "A" signal indicates a positive
increments (clockwise signal) and the "B" signal a negative increments (counterclockwise
signal). Therefore the encoder counter increases by one when the "A" signal is going
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high, while decreases by one when the "B" signal is going high.

CW/CCW Counting Mode

A>CW :

B>CCW

Encoder Value 0 1 2 q/i/
Count up Count down

Figure 26: Clockwise/ Counterclockwise counting mode

In the quadrant counting mode (Figure 27) the encoder counter increments when signal
"A" leads signal "B" and decrements when signal "B" leads signal "A". For example if the
last input signal for both "A" and "B" was off and in the next cycle "A" is on and "B" is off
then the direction is clockwise and the counter increments by one, but if "A" is off and
"B" is on then the direction is counterclockwise and the counter decrements by one.
Both the rising and falling edges of "A" signal and "B" signal are counted.

Quadrant Counting Mode 4x

A —— L : | ANS——
- | —
B w E v
Encoder Value 0 1 2 3 4 '3 2 1 0 1 -2
Count up Count down

Figure 27: Quadrant counting mode
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7.2 Signal Polarity Setting

The polarity of the encoder A,B,C signal indicates the active level of the signal. The active
level of the encoder A, B and C signals has to be set via CoE:
"A" signal 0x80n0:01
"B" signal 0x80n0:02
- "C" signal 0x80n0:03
n - represents the channel number (n=0;1;2)

By changing the signal polarity of "A" and/or "B" the direction of counting may change.

For example:

- By changing the signal "B" polarity which indicates the direction for the
pulse/direction counting mode (Figure 25) the counting direction will change.

- By changing the polarity of signal "A" for the quadrant counting mode (Figure 27)
results in a change of counting direction.

- Changing the signal polarity for the clockwise/counterclockwise mode (Figure 26)
will not change the counting direction

t1 12 t3 14
Input A Clockwise
1 'y y ¥ A B
0 L v t1 0 1
1 Input B 2 |0 0
3 F 3
t3 1 0
0
Counter Clockwise
Input A
0 £ £ A |B
1 L v t1 1 1
1 Input B 2 |1 0
t3 0 0
0 A v
t4 0 1
Figure 28: Polarity change of input signal "A" inverts the counting direction
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7.3 Low Pass Filter Setting

Filters are for screening out noise from multiple inputs. The filter clock is used for
sampling the input signal: if — and only if — three consecutive samples have the same
value, the input is considered stable and the value is output from the filter. Table 8 list
the filter clocks frequencies available for the ECAT-2093.

Low pass Maximum Input Frequency
filter Pulse/Direction counting mode

number Clockwise/Counterclockwise mode Quadrant counting mode
0 AMHZz (filter disabled) 6MHz (filter disabled)
1 4MHz 1MHz
2 2MHz 500KHz
3 1MHz 250KHz
4 640KHz 160KHz
5 320KHz 80KHz
6 160KHz 40Hz
7 80KHz 20KHz
8 40KHz 10KHz

Table 8: Filter clock frequencies

The filter clock has to be set via CoE (0x80n0:0A, n= 0;1;2)

When setting the filter make sure that the filter frequency is higher than the maximum
encoder pulse output frequency otherwise the encoder counter may not count all the

pulse of the incoming pulse train.

7.4 Encoder Status

This section will describe all the variables listed in the TxPDOs: 0x1A00, 0x1A20, Ox1A10.
These variables basically show the status of the three input signals, the counter and
latch value for each encoder counter channel (Table 9).

Parameter Object Description

Reset counter done 0x60n0:01 | Indicates whether the "Encoder counter value"
(0x60n0:11) has been reset to zero. The user has to set the
"Reset encoder counter" (0x70n0:03) from FALSE to TRUE
in order to reset the encoder value to zero.

Signal of input A 0x60n0:03 | Shows whether the "A" signal is high or low

Signal of input B 0x60n0:04 | Shows whether the "B" signal is high or low

Signal of input C 0x60n0:05 | Shows whether the "C" signal is high or low

Latch trigger count 0x60n0:09 | Counts the number of latch events. With each latch event
the counter increases by one.

Sync error 0x60n0:0F | This variable informs the user whether a synchronization
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error occurred in Distributed Clock (DC) mode during the
previous cycle.

The master has to make sure that within each fixed time
interval a datagram is being sent to the slave otherwise a
synchronization error will be displayed

TxPDO Toggle 0x60n0:10 | The slaves toggles this parameter each time TxPDO data
has been updated
Actual counter value 0x60n0:11 | Current encoder counter value

Latched counter value | 0x60n0:12 | Encoder value latched by the index signal "C". The encoder
value will only be latched if the "Enable Latch C"
(0x70n0:01) has been set to TRUE

Table 9: Encoder status variables

In addition, the latched encoder channel can be determined through "Latch encoder
channel" (0x80n0:0B). For example, if the "Latch encoder channel" of the three channels
are set to 1 ("channel 0"), then the three channels will latch the encoder value of
channel 0 when the corresponding index signal "C" is triggered.

Default latch channel selection
Position Latched counter

% Latch encoder channel
ECAT-2093

Index Value

2000:08 |Ox00 ("Default channel ")
2010:08 |Ox00 ("Default channel ")
8020:08 |0x00 ("Default channel ")

Latch encoder channel

Latched counter
Index Value

2000:08 |Ox01 ("Channel 0")
8010:08 |0x01 ("Channel 0")
8020:08 |0x01 ("Channel 0")

- .
- .
+
—f
et
——
- -
- -
+
-

Figure 29: Latch channel selection

7.5 Velocity Status

This section will describe the parts related to the velocity status in TxPDO. The objects in
0x1An1 (n =0, 1, 2) not only include the counter and latch value of the encoder counter
channel (Table 9), but also contain Vel _dP, the position difference for velocity calculation
(Table 10).

Parameter Object Description
Vel_dP 0x60n0:13 | Position difference during the specified time interval for
velocity calculation

Table 10: Velocity status variables
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By default, the TxPDO assigns O0x1An0 (n =0, 1, 2); when it is necessary to calculate the
velocity of the encoder signal, please assign 0x1An1 (n =0, 1, 2) to enable this function.

The time interval parameters of 0x8100 have to be set first (see 9.7 for details) before
starting the velocity calculation.

First, set the global time interval multiplier " Basic Multiplier " (0x8100: 01) of each
channel, whose unit is 0.5 milliseconds. When it is necessary to extend or shorten the
time interval of all channels, it can be adjusted by changing the value of this parameter.

Second, set the time interval multiplier "CHn Multiplier " (0x8100 : 02+n, n =0, 1, 2) of
individual channels, then the time interval Vel_dT of each channel is configured as:

Vel_dT = Tpasic X Tenn X 0.5 x 102 sec, n=0, 1, 2.
Whereby Tpasic represents "Basic Multiplier", T¢h, represents "CHn Multiplier".

After that, the velocity V can be calculated from the variable Vel _dP, and the unit is
pulses/sec:

V =Vel_dP / Vel_dT

Number of pulses = Vel_dP |

UL

|4—time interval = Vel_dT —»

1
Figure 30: Variables for velocity calculation

i
]
,:I
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7.6 Encoder Outputs
The two parameters "Enable Latch C" and "Reset encoder counter" are part of the
receive process data object (RxPDO): 0x1600, 0x1610, 0x1620.

Parameter Object Description

Enable Latch C 0x70n0:01 | Set this value to TRUE to latch the encoder counter value
when the index signal "C" is on. Every active signal will
trigger a new counter latch event. The trigger level (rising
edge or falling edge) has to be set via CoE (0x80n0:03, n=
0,1,2)

Reset encoder counter | 0x70n0:03 | The encoder counter value will be set to zero once the
"Reset encoder counter" value changes from FALSE to
TRUE.

The encoder counter value is automatically set to zero
when the device is being switched on.

Table 11: Encoder output variables

The user may deselect these output process data objects if the output parameters are
not required for the application.
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8 CoE Interface

8.1 General Description

The CoE interface (CANopen over EtherCAT) is used for parameter management of
EtherCAT devices. The CoE interface displays all the objects and parameters which are
required for operating and diagnosing the ECAT-2093 device. Some parameters are fixed
and can not be modified, they for example indicate the operating status of the device or
the device properties. Encoder configuration parameters need to be set before the
actual motion control starts. These parameter setting are determined by the encoder
type and the setup of the system.

CoE parameters has to be accessed via the CAN over EtherCAT protocol. The EtherCAT
master accesses the local CoE lists of the slaves via CAN over EtherCAT. The user does
not need to understand the CoE protocol when using the TwinCAT System Manager for
CoE parameter configuration.

The CoE parameters describe a wide range of features such as manufacturer ID, device
name, process data settings and configuration parameters.

The relevant ranges of the CoE list are:

* 0x1000: Stores fixed information of the device, including name, manufacturer, serial
number etc.. In addition stores information about the current and available process
data configurations.

- 0x1600: RxPDO mapping
- 0x1A00: TxPDO mapping

* 0x8000: Stores all the configuration data which are required for the encoder counter.

* 0x6000: Input PDOs ("input" from the perspective of the EtherCAT master)

* (0x7000: Output PDOs ("output" from the perspective of the EtherCAT master)

The Figure 31 shows all of the CoE objects available for the ECAT-2093 device, ranging
from 0x1000 to OxFO08. The parameters of the objects can be accessed by expanding the
tree in the "CoE-Online" tab. The objects and their properties are described in chapter 9.
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General | EtherCAT | DiZ

[ Update List ] [ Auto Update
[ Advanced... ]
Index Mame
1000 Device type
1001 Error register
1002 Dervice name
1009 Hardware version
1004 Software version
+-1018:0 [dentity
+ 10F 10 Error Settings
+- 1600:0 ENC Contrel Ch.0
+- 1610:0 ENC Contrel Ch.1
+ 1620:0 ENC Contrel Ch.2
+- 1AQO0 ENC Status Ch.0
+- 1AQL0 ENC VEL Statns Ch.0
+1A10:0 ENC Status Ch.1
+1ALL0 ENC VEL Statns Ch.1
+ LAZ00 ENC Status Ch.2
+- 1AZ10 ENC VEL Status Ch.2
+- 1C00:0 Swnc manager type
+-1C12:0 SvncManager 2 assignment
+-1C13:0 SvncManager 3 assignment
+-1C32:0 SM ountput parameter
+-1C33:0 =M input parameter
+- BO00:0 ENC Inputs Ch.0
+- 60100 ENC Inputs Ch.1
+- BO20:0 ENC Inputs Ch.2
+- 70000 ENC Cutputs Ch.0
+- 70100 ENC Cutputs Ch.1
+- 70200 ENC Outputs Ch.2
+-2000:0 ENC Settings Ch.0
+-8010:0 ENC Settings Ch.1
+ 8020:0 EMNC Settings Ch.2
+-8100:0 Time Interval Settings
+- FO0g0 Internal EEFRGM

Figure 31: "CoE - Online " tab

Process Data | Startup

CoE - Online | Online

Single Update [ Show Offline Data

Flags

Moduole OD (AcE Port): |0

Walue

Dre00020000 (131072
Dhe0I0 {0
ECAT-2003
1.4
1.3
=4
FR
=5«
=5«
=5«
=11 =
> 12 <
=11 =
> 12 <
=11 =
> 12 <
=4
F
F
> 32 <
> 32 <
> 19 <
= 19 <
> 19 <
F
F
F
> 11 <
=11 =
> 11 <
=4
=B«

8.2 Save Configuration Data to Memory

In this section the procedure of saving encoder configuration parameters to the non-
volatile memory of the ECAT-2093 is being discussed.

The CoE object range 0x8000 to 0x8020 contains all the parameters needed to configure
the ECAT-2093. TwinCAT allows the user to set the configuration parameters via the
System Manager (Figure 31) or from a TwinCAT PLC via ADS (TcEtherCAT.lib library).

If slave CoE parameters are set online, the ECAT-2093 device does not automatically
store the data to its non-volatile memory, therefore the data will be lost once the device
is switched off. The OxFO08 object provides functions to store the configuration data
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permanently to the non-volatile memory of the ECAT-2093 and the setting will be
immediately available immediately after a restart.

Procedure for storing configuration data to the local ECAT-2093 memory:

Step 1: Make sure the TwinCAT System Manager is connected to the ECAT-2093 and the
"CoE-Online" tab is showing that the slave is online.

| General | EtherCAT I DC I Process Data | Startup| CoE - Online |D\ag History | Online‘

UDdaT.E List [ Auto Update Single Update || Show Offiine Data

Advanced

[ Addtostarup. | Module OD (AE Porl) 0

| Index MName Flags Value Unit < ‘

Step 2: Do all the necessary configuration by entering the correct parameter values for
the configuration objects (0x8000, 0x8010, 0x8020). The setting is being done
by double clicking the configuration parameter and selecting an option from
the shown drop list box . In the following picture the signal polarity of the A
signal of encoder channel 0 is being set.

General | EtherCAT | DC Process Data | Startnp | CoE - Cnline | Online

[ Update List ] [ Auto Update Single Update [ Show Cffline Data
[ Advanced... I

Maodule D (AoE Port): [0

Index Mame Flags Walue
1018:0 Identity =4 =
10F 10 Error Settings =2 <
1600:0 ENC Control Ch.0) >5<
1610:0 ENC Control Ch. 1 B :
16200 ENC Control Chi2 =52 Select an option from
1A00:0 ENC Statns Ch.0 =11« - i
1ADL:0 ENC VEL Status Ch.0 =12« the drop down list
1410:0 ENC Statns Ch. ! =11«
1A1L:0 ENC VEL Statns Ch. 1 =12« 2
14200 ENC Statns Ch.2 1l Set Value Dial
1AZ1:0 ENC VEL Satns Ch.2 =12«

1C00:0 Sync manager b
1C12:0 Synchdan

1C13:0 Synchd
1C32:0 M ou
1C32:0 Sh tnpa
60000 ENC Inpnts O
6010:0 ENC Inputs Ch.1

Double click the
configuration parameter

0x00000001

Cancel

v

Enum: Active high
Active |ow

LR R e R SERIe JUNE S JUE AEIe JRE HUNE 2 AR SN JUNE e S e

60200 ENC Inputs Ch 2
7000:0 ENC Outputs Ch.0 Bool:
7010:0 ENC Guiputs Ch. 1
T020:0 ENC Qutputs Ch.2 Binary: 01
£000:0 ENC Settings Ch.0 11 =

[ 800001 A signal polarity RW Active high (1] | Bit Size: @1 O8 O O3 Osd OF
8000:02 B signal polanty R Active high (1)
2000:03 C signal polarity RW Active high (1D
8000:09 Counting mode RW (uadrant counting mode (33
2000:0A  Low pass filter RW 4MHz= AB Phage: OMHz..
8000:0B Latch encoder channel RW Default channel ()

+-2010:0 ENC Zettings Ch.1 =11 =

+-B020:0 ENC Settings Ch.2 =11 =

+-2100:0 Time Interval Settings =4 =

+-FO02:0 Internal EEPROM =6 =

Step 3: After all the configurations have been done set the slave into Pre-Op mode. Data
can only be stored to the local device if it is in Pre-Op mode. On the "Online"
tab click the "Pre-OP" button to put the slave into Pre-OP mode.
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General | EtherCAT | DC | Process Data | Startup | CoE - Online | Diag H\story| Online |

State Machine

| Init | ‘ Bootstrap |

Current State PREOP
|[ Pre-Op ]l ‘ Safe-Op |
Requested State PRECP
|Op | ‘C\earError |
DLL Status
Port A Carrier / Open
PortB: No Carrier { Closed
Nao Carrier / Closed
Mo Carrier ( Closed

File Access over EtherCAT

Download Upload

Step 4: The parameters of the 0xFO08 object handles the save procedure.

1. Scroll to the end of the "CoE-Online" list and expand the tree view of the
0xFOO08 object

2. Enter the value 0x12345678 for the "Code Word"

3. Set the "Save configuration data" from FALSE to TRUE in order to save the
configuration data to the internal EEPROM. The parameter "Save error
encountered" (FO08:05) indicates whether an error occurred during the
save process.

4. In order for the configuration data to be loaded after a device restart set
the "Load factory default" to FALSE. It is always possible to return to the
factory default setting by setting this value back to TRUE.

5. The "Save Counter" (F008:02) shows how often configuration data has
been stored to the local memory in the lifetime of the device.

ATTENTION:

The local memory only supports a limited number of save operations.
Depending on the memory version once the save operation exceeds
10000 cycles it can no longer be guaranteed that data are reliably saved
or are still readable. Therefore the "Save configuration data" (F008:04)
and the "Load factory default" (FO08:03) should not be continuously set
from the controlling application program.
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General | EtherCAT | DiZ Process Data | Startup | CoE - Online | Online
[ Update List | [ Auto Undate Single Update [ Show Offline Data
[ Advanced... ]
Moduole OD (AcE Port): |0
[ndex IName Flags Walue
+- 1C00:0 Svnc manager type =4 =
+-1C12:0 Svnchlanager 2 assignment =3 =<
+-1C13:0 Svnchlanager 3 assignment =3 =<
+-1C32:0 S0 ontput parameter =32 <
+-1C33:0 S0 input parameter =32 <
+- BO00:0 ENC Inputs Ch.0 =19 <
+- 60100 ENC Inputs Ch.1 =19 <
+- BO20:0 ENC Inputs Ch.2 =19 <
+- 70000 ENC Cutputs Ch,0 =3 <
+- 70100 ENC Cutputs Ch. 1 >3 <
+- 70200 ENC Cutputs Ch.2 =3 <
+-2000:0 ENC Settings Ch.0 =11 <
+-8010:0 ENC Zettings Ch.1 =11 <
+- 8020:0 ENC Zettings Ch.2 =11 <
+- 2100:0 Time Interval Settings =4 =
- FO0g0 Internal EEFROM =0 <
Fooz:01 Code word EW Ce00000000 (0
FO02:02 Save counter RO O 0000 (0
FO02:03 Load factory defanlt EW TRUE
FO02:04 Save configuration data EW FALSE
FO0Z:05 Save error encountered RC FALZE
FO0Z:06  Initialization error RC FALZE

Step 5:Set the ECAT-2093 back into OP mode.
[ General | EthercAT [ DC

State Machine

Process Data | Startup | CoE - Online | Diag History | Online

| Init | | Bootstrap ‘
Current State: oF
| Pre-Op | | Safe-Op \
Requested State: op
[Op l |C\earError ‘
DLL Status
PortA: Carrier / Open
PortB: Mo Carrier [ Closed
Mo Carrier [ Closed
No Carrier [ Closed
File Access over EtherCAT
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9 Object Description and Parameterization

9.1 Standard Objects

Index 1000 Device type

Index (hex) | Name Description Data type Flags | Default
1000:0 Device type Device type of the EtherCAT slave UINT32 RO 0x00020000
Index 1008 Device name
Index (hex) | Name Description Data type Flags | Default
1008:0 Device name | Device name of the EtherCAT slave STRING RO ECAT-2093
Index 1009 Hardware version
Index (hex) | Name Description Data type Flags | Default
1009:0 Hardware Hardware version of the EtherCAT STRING RO 1.4
version slave (or greater)
Index 100A Software version
Index (hex) | Name Description Data type Flags | Default
100A:0 Software Software version of the EtherCAT STRING RO 1.3
version slave (or greater)
Index 1018 Identity
Index (hex) | Name Description Data type Flags | Default
1018:0 Identity UINT8 RO 0x04
1018:01 Vendor ID Vendor ID of the EtherCAT slave UINT32 RO 0x00494350
1018:02 Product Product code of the EtherCAT slave UINT32 RO 0x0000082D
code (2093)
1018:03 Revision Revision number of the EtherCAT UINT32 RO 0x00010000
slave
1018:04 Serial Serial number of the EtherCAT slave UINT32 RO 0x00000000
number (not supported)
Index 10F1 Error settings
Index (hex) | Name Description Data type Flags | Default
10F1:0 Error UINT8 RO 0x02
settings
10F1:01 Local error Not implemented UINT32 RW 0x00000001
reaction
10F1:02 Sync error For DC mode only: UINT16 RW 0x0004
counter limit | The Sync Error Counter is
incremented with every missing Sync
Management Event by three and
decremented by one if an event is
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received. If the Sync Error Counter
exceeds this limit the

system changes into the SAFEOP
state with the ‘Synchronization Lost’
error. The Sync

Error Counter is reset when the error
was acknowledged.

9.2 RxPDO Mapping Objects

Index 0x16n0 ENC Control Ch.n (RxPDO-Map)

Index Name Description Data type Flags | Default
(hex)
16n0:0 ENC Control _ChO_ Encoder control UINT8 RO 0x05
16n0:01 | Control__Enable latch C Enable the UINT32 RO 0x70n00101
encoder latch
(1 Bit)
16n0:02 | Control__Gapl empty UINT32 RO 0x00000001
(1 Bit)
16n0:03 | Control__Reset encoder counter Set encoder UINT32 RO 0x70n00301
(1 Bit)
16n0:04 | Control__Gap2 BYTE padding UINT32 RO 0x00000005
(5 Bit)
16n0:05 | Control__Gap3 WORD padding UINT32 RO 0x00000008
(8 Bit)
"n" represents the channel number (0 to 2)
9.3 TxPDO Mapping Objects
Index Ox1An0 ENC StatusCh.n (TxPDO-Map)
Index Name Description Data type Flags | Default
(hex)
1An0:0 ENC Status Encoder status UINT8 RO 0x0B
1An0:01 | Status__Reset counter done Counter reset to zero UINT32 RO 0x60n00101
(1 Bit)
1An0:02 | Status__Gapl empty UINT32 RO 0x00000001
(1 Bit)
1An0:03 | Status__Signal of input A Channel A input signal UINT32 RO 0x60n00301
(1 Bit)
1An0:04 | Status__Signal of input B Channel B input signal UINT32 RO 0x60n00401
(1 Bit)
1An0:05 | Status__Signal of input C Channel C input signal UINT32 RO 0x60n00501
(1 Bit)
1An0:06 | Status__Gap2 BYTE padding UINT32 RO 0x00000003
(3 Bit)
1An0:07 | Status__Latch trigger count Counts the number of UINT32 RO 0x60n00906
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latch events. With each
latch event the counter
increases by one.
(6 Bit)
1An0:08 | Status__Sync error Sync error UINT32 RO 0x60n00F01
(1 Bit)
1An0:09 | Status__ TxPDO Toggle TxPDO Toggle UINT32 RO 0x60n01001
(1 Bit)
1An0:0A | Status__Encoder counter Encoder counter value UINT32 RO 0x60n01120
value (32-Bit)
1An0:0B | Status__Latched counter Latched encoder UINT32 RO 0x60n01220
value counter
(32-Bit)
"n" represents the channel number (0 to 2)
Index Ox1An1 ENC VEL StatusCh.n (TxPDO-Map)
Index Name Description Data type Flags | Default
(hex)
1An0:0 ENC VEL Status Encoder status UINT8 RO 0x0C
1An1:01 | Status__ Reset counter done Counter reset to zero UINT32 RO 0x60n00101
(1 Bit)
1An1:02 | Status__Gapl empty UINT32 RO 0x00000001
(1 Bit)
1An1:03 | Status__Signal of input A Channel A input signal UINT32 RO 0x60n00301
(1 Bit)
1An1:04 | Status__Signal of input B Channel B input signal UINT32 RO 0x60n00401
(1 Bit)
1An1:05 | Status__Signal of input C Channel C input signal UINT32 RO 0x60n00501
(1 Bit)
1An1:06 | Status__ Gap2 BYTE padding UINT32 RO 0x00000003
(3 Bit)
1An1:07 | Status__Latch trigger count Counts the number of UINT32 RO 0x60n00906
latch events. With each
latch event the counter
increases by one.
(6 Bit)
1An1:08 | Status__Sync error Sync error UINT32 RO 0x60n00F01
(1 Bit)
1An1:09 | Status__ TxPDO Toggle TxPDO Toggle UINT32 RO 0x60n01001
(1 Bit)
1An1:0A | Status__Encoder counter Encoder counter value UINT32 RO 0x60n01120
value (32-Bit)
1An1:0B | Status__Latched counter Latched encoder UINT32 RO 0x60n01220
value counter
(32-Bit)
1An1:0C | Status__ Vel dP FRETEZEEIIIE | UINT32 RO 0x60n01310
=
Position difference for
velocity calculation
(16-Bit)

"n" represents the channel number (0 to 2)
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9.4 Sync Manager Objects

Index 0x1C0O0 Sync manager type

Index Name Description Data type | Flags | Default

(hex)

1C00:0 Sync manager type Using the sync managers UINT8 RO 0x04

1C00:01 | Sublindex 001 Sync-Manager Type Channel | UINT8 RO 0x01
1: Mailbox Write

1C00:02 | Sublindex 002 Sync-Manager Type Channel | UINT8 RO 0x02
2: Mailbox Read

1C00:03 | Subindex 003 Sync-Manager Type Channel | UINT8 RO 0x03
3: Process Data Write
(Outputs)

1C00:04 | Subindex 004 Sync-Manager Type Channel | UINT8 RO 0x04
4: Process Data Read
(Inputs)

Index 0x1C12 RxPDO assign

Index Name Description Data type | Flags | Default

(hex)

1C12:0 RxPDO assign SyncManager 2 assighment: | UINT8 RO 0x1C
PDO Assign Outputs

1C12:01 | Subindex 001 Default assignment: UINT16 RW 0x1600
ENC Control Channel 0

1C12:02 | Subindex 002 Default assignment: UINT16 RW 0x1610
ENC Control Channel 1

1C12:03 | Subindex 003 Default assignment: UINT16 RW 0x1620

ENC Control Channel 2

Index 0x1C13 TxPDO assign

Index Name Description Data type | Flags | Default

(hex)

1C13:0 TxPDO assign SyncManager 3 assighment: | UINT8 RO 0x20
PDO Assign Inputs

1C13:01 | Subindex 001 Default assignment: UINT16 RW 0x1A00
ENC Status Channel 0

1C13:02 | Subindex 002 Default assignment: UINT16 RW 0x1A10
ENC Status Channel 1

1C13:03 | Sublindex 003 Default assignment: UINT16 RW 0x1A20

ENC Status Channel 2

Index 0x1C32 Sync Manager (SM) output parameter

Index Name Description Data Flags | Default
(hex) type
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1C32:0

SM output parameter

Synchronization parameters
for the outputs

UINTS8

RO

0x20

1C32:01

Synchronization Type

Current synchronization

mode:

* 0: Free Run

* 1:Synchronous without
SM 2 event

* 2:DC-Mode - Synchronous
with SYNCO Event

¢ 3:DC-Mode - Synchronous
with SYNC1 event

UINTS8

RO

0x0001

1C32:02

Cycle Time

Cycle time (in ns):

* Free Run: Cycle time of the
local timer

* Synchronous with SM 2
event: Master cycle time

* DC mode: SYNCO/SYNC1
Cycle Time

UINT8

RO

0x00000000

1C32:04

Synchronization Types
supported

Supported synchronization

modes:

e Bit0=1:freerunis
supported

e Bit1=1:Synchron with
SM 2 event is supported

* Bit2-3=01: DCmode s
supported

e Bit 4-5 = 10: Output shift
with SYNC1 event (only

DC mode)

UINTS8

RO

0x8007

1C32:05

Minimum Cycle Time

Minimum cycle time (in ns)

RO

0x00000000

1C32:06

Calc and Copy Time

Minimum time between
SYNCO and SYNC1 event (in
ns, DC mode only)

RO

0x00000000

1C32:08

Get Cycle Time

¢ 0: Measurement of the

local cycle time is stopped
¢ 1: Measurement of the

local cycle time is started
Set parameter to 1 in order to
update the Cycle Time
(1C32:02, 1C33:02) parameter
with the maximum measured
value

RW

0x0000

1C32:09

Delay Time

Time between SYNC1 event
and output (in
ns, DC mode only)

RO

0x00000000

1C32:0A

SyncO Cycle Time

RW

0x00000000

1C32:0B

SM-Event Missed

Number of missed SM events
in OPERATIONAL (DC mode
only)

RO

0x0000

1C32:0C

Cycle Time Too Small

Cycle was not completed in
time or the next cycle began
too early

RO

0x0000
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1C32:20

Sync Error

The synchronization was not
correct in the last cycle
(outputs were output too late;
DC mode only)

RO FALSE

Index 0x1C33 Sync Manager (SM) input parameter

Index
(hex)

Name

Description

Data
type

Flags | Default

1C33:0

SM input parameter

Synchronization parameters
for the inputs

UINT8

RO 0x20

1C33:01

Synchronization Type

Current synchronization

mode:

* 0O: Free Run

e 1:Synchron with SM 3
Event (no outputs
available)

* 2:DC - Synchron with
SYNCO Event

* 3:DC - Synchron with
SYNC1 Event

* 34: Synchron with SM 2
Event (outputs available)

UINT8

RO 0x0022

1C33:02

Cycle Time

Cycle time (in ns):

* Free Run: Cycle time of the
local timer

* Synchronous with SM 2
event: Master cycle time

* DC mode: SYNCO/SYNC1
Cycle Time

UINTS8

RO 0x00000000

1C33:04

Synchronization Types
supported

Supported synchronization

modes:

e Bit0O=1:freerunis
supported

e Bit1=1:Synchron with
SM 2 event is supported

* Bit2-3=01: DCmode s
supported

e Bit 4-5 = 10: Output shift
with SYNC1 event (only DC
mode)

UINTS8

RO 0x8007

1C33:05

Minimum Cycle Time

Minimum cycle time (in ns)

RO 0x00000000

1C33:06

Calc and Copy Time

Time between reading of the
inputs and availability of the
Inputs data for the master (in
ns, only DC mode)

RO 0x00000000

1C33:08

Get Cycle Time

* 0: Measurement of the
local cycle time is stopped
¢ 1: Measurement of the
local cycle time is started
Set parameter to 1 in order to
update the Cycle Time
(1C32:02, 1C33:02) parameter

RW 0x0000
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with the maximum measured
value
1C33:09 | Delay Time Time between SYNC1 event RO 0x00000000
and reading of the inputs (in
ns, only DC mode)
1C33:0A | SyncO Cycle Time RW 0x00000000
1C33:0B | SM-Event Missed Number of missed SM events RO 0x0000
in OPERATIONAL (DC
mode only)
1C33:0C | Cycle Time Too Small Cycle was not completed in RO 0x0000
time or the next cycle began
too early
1C33:20 | Sync Error The synchronization was not RO FALSE
correct in the last cycle
(outputs were output too late;
DC mode only)
9.5 Input Data
Index 0x60n0 ENC Inputs Ch.n
Index Name Description Data type Flags | Default
(hex)
60n0:0 Get encoder input status Encoder status inputs UINT8 RO 0x13
60n0:01 | Reset counter done Reset counter to zero BOOLEAN RO
completed. Indicates
whether the "Reset
encoder counter"
(70n0:03) action was
successful
60n0:03 | Signal of input A Signal of input A BOOLEAN RO
60n0:04 | Signal of input B Signal of input B BOOLEAN RO
60n0:05 | Signal of input C Signal of input C BOOLEAN RO
60n0:09 | Status__Latch trigger count | Counts the number of BIT6 RO
latch events. With
each latch event the
counter increases by
one.
60n0:0F | Sync error The Sync error bit is BOOLEAN RO
only required for DC
mode. It indicates
whether a
synchronization error
has occurred during
the previous cycle
60n0:10 | TxPDO Toggle The TxPDO toggle is BOOLEAN RO
toggled by the slave
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when the data of the
associated TxPDO is
updated

60n0:11

Actual counter value

The encoder counter
value

INT32

RO

60n0:12

Latched counter value

The latched counter
value. Hardware index
latch function needs to
be activated via
"Enable Latch C"
(70n0:01). The trigger
condition (falling or
rising edge) has to be
set via "C signal
polarity" (80n0:03). A
latch event is
generated every time
when the trigger
condition is being met.

INT32

RO

60n0:13

Vel _dP

Position difference
during a specified time
interval for velocity
calculation

INT16

RO

"n" represents the channel number (0 to 2)

9.6 Output Data

Index 0x70n0 ENC Outputs Ch.n

Index
(hex)

Name

Description

Data type

Flags

Default

70n0:0

ENC Outputs

UINT8

RO

0x03

70n0:01

Enable Latch C

Enable the encoder to

latch the encoder

value at each C

channel input signal

* By setting this
Boolean from FALSE
to TRUE the
hardware index latch
function is enabled.
The encoder value
(60Nn0:11) will be
latch when the C
input level is being
triggered

* By setting this
variable to FALSE the
index latch function
will be disabled and

BOOLEAN

RO

FALSE
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the latched counter
value register
(60Nn0:12) reset to
zero
70n0:03 | Reset encoder counter Reset the encoder BOOLEAN RO FALSE
counter to zero
* By setting this bit
from FALSE to TRUE
the Encoder counter
value (60n0:11) will
be set to zero
"n" represents the channel number (0 to 2)
9.7 Configuration Data
Index 0x80n0 ENC Settings Ch.n
Index Name Description Data type Flags | Default
(hex)
80n0:0 ENC Settings Encoder settings UINT8 RO 0x0B
80n0:01 | A signal polarity Polarity of Ainput signal | DTO803ENO1 RW 0x00
("Active low")
80n0:02 | Bsignal polarity Polarity of B input signal | DTO803ENO1 RW 0x00
("Active low")
80n0:03 | Csignal polarity Polarity of C input signal | DTO803ENO1 RW 0x00
("Active low")
80n0:09 | Counting mode Counter mode selection: | DTO801ENO8 RW 0x03
e CW/CCW, ("Quadrant
¢ Pulse/Direction, counting
* Quadrant mode")
80n0:0A | Low pass filter Low pass filter setting DTO802EN08 RW 0x00
("4MHz
AB Phase:
6MHz (filter
disabled)")
80n0:0B | Latch encoder channel | Latched encoder channel | DTO804ENO3 RW
selection:
¢ Default channel
( Channel n)
* Channel 0 0x00
* Channel1 ("Default
e Channel 2 channel ")

"n" represents the channel number (0 to 2)
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Index 0x8100 Time Interval Settings

Index
(hex)

HH

s

Bl

i 2k
NN

THEL

8100:0

Time Interval Settings

UINTS8

RO

0x04

8100:01

Basic Multiplier

Unit time is 0.5ms.
Base Time =
Basic Multiplier * 0.5 ms

UINTS8

RW

0x02

8100:02

CHO Multiplier

CHO Time Interval =
Base Time *
CHO Multiplier

UINT8

RW

0x01

8100:03

CH1 Multiplier

CH1 Time Interval =
Base Time *
CHO Multiplier

UINTS8

RW

0x01

8100:04

CH2 Multiplier

Ch2 Time Interval =
Base Time *
CHO Multiplier

UINTS8

RW

0x01

9.8 Configuration Parameters Storage

Index OxFOOS8 Internal EEPROM

Index
(hex)

Name

Description

Data type

Flags

Default

F008:0

Internal EEPROM

Storing CoE
parameters to the
internal EEPROM.

UINT8

RO

0x05

F008:01

Code Word

Password for saving
CoE configuration
data to the EEPROM
Password:
0x12345678

UINT32

RW

0x00000000

F008:02

Save Counter

Total number of save
sequence

UINT16

RO

0x0000

F008:03

Load factory default

Load factory default
configuration
immediately after
power on.

* By setting this
parameter to FALSE
the user set
configuration data
(0x8000 to 0x8020)
will be loaded after
power on

BOOLEAN

RW

TRUE

F008:04

Save configuration data

Save all configuration

setting to local non-

volatile memory.

¢ Set to TRUE in order
to save the
configuration data

BOOLEAN

RW

FALSE
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(0x8000 to 0x8020)
to the memory of
the ECAT-2093

F008:05 | Save error encountered Indicates whether BOOLEAN RO FALSE
data has been
successfully written to
memory

FO08:06 | Initialization error Internal EEPROM BOOLEAN RO FALSE
access failed
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