Documentation

EL37x2

2 channel Analog Input Terminals with oversampling

Version: .
D:::on 3061 8-10-30 BEBKHOFF






BEGKHUFF Product overview analog input terminals with oversampling

1 Product overview analog input terminals with
oversampling

EL3702 [» 14]

Two-channel analog input terminal, -10 V ... +10 V with oversampling

EL3702-0015 [r 14]

Two-channel analog input terminal, -150 mV ... +150 mV with oversampling

EL3742 [r 16]

Two-channel analog input terminal, 0 ... 20 mA with oversampling
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2 Foreword

2.1 Notes on the documentation

Intended audience

This description is only intended for the use of trained specialists in control and automation engineering who
are familiar with the applicable national standards.

It is essential that the documentation and the following notes and explanations are followed when installing
and commissioning these components.

It is the duty of the technical personnel to use the documentation published at the respective time of each
installation and commissioning.

The responsible staff must ensure that the application or use of the products described satisfy all the
requirements for safety, including all the relevant laws, regulations, guidelines and standards.

Disclaimer

The documentation has been prepared with care. The products described are, however, constantly under
development.

We reserve the right to revise and change the documentation at any time and without prior announcement.

No claims for the modification of products that have already been supplied may be made on the basis of the
data, diagrams and descriptions in this documentation.

Trademarks

Beckhoff®, TwinCAT®, EtherCAT®, EtherCAT P®, Safety over EtherCAT®, TwinSAFE®, XFC® and XTS® are
registered trademarks of and licensed by Beckhoff Automation GmbH.

Other designations used in this publication may be trademarks whose use by third parties for their own
purposes could violate the rights of the owners.

Patent Pending

The EtherCAT Technology is covered, including but not limited to the following patent applications and
patents: EP1590927, EP1789857, DE102004044764, DE102007017835 with corresponding applications or
registrations in various other countries.

The TwinCAT Technology is covered, including but not limited to the following patent applications and
patents: EP0851348, US6167425 with corresponding applications or registrations in various other countries.

EtherCAT.

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

Copyright

© Beckhoff Automation GmbH & Co. KG, Germany.

The reproduction, distribution and utilization of this document as well as the communication of its contents to
others without express authorization are prohibited.

Offenders will be held liable for the payment of damages. All rights reserved in the event of the grant of a
patent, utility model or design.

EL37x2 Version: 3.6 7
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2.2 Safety instructions

Safety regulations

Please note the following safety instructions and explanations!

Product-specific safety instructions can be found on following pages or in the areas mounting, wiring,
commissioning etc.

Exclusion of liability

All the components are supplied in particular hardware and software configurations appropriate for the
application. Modifications to hardware or software configurations other than those described in the
documentation are not permitted, and nullify the liability of Beckhoff Automation GmbH & Co. KG.
Personnel qualification

This description is only intended for trained specialists in control, automation and drive engineering who are
familiar with the applicable national standards.

Description of instructions

In this documentation the following instructions are used.
These instructions must be read carefully and followed without fail!

A DANGER

Serious risk of injury!
Failure to follow this safety instruction directly endangers the life and health of persons.

Risk of injury!
Failure to follow this safety instruction endangers the life and health of persons.

A CAUTION

Personal injuries!
Failure to follow this safety instruction can lead to injuries to persons.

NOTE

Damage to environment/equipment or data loss
Failure to follow this instruction can lead to environmental damage, equipment damage or data loss.

@® Tip or pointer
1 This symbol indicates information that contributes to better understanding.

Version: 3.6 EL37x2
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2.3 Documentation issue status
Version Comment
3.6 « EL3702-0015 added

» Update structure
» Update revision status

3.5 » Update chapter "Sample programs"
» Update structure

34 » Update chapter "Technical data"

» Chapter "ATEX - Special conditions" replaced with chapter "ATEX - Special conditions
(extended temperature range)"

» Addenda chapter "Instructions for ESD protection”
» Update chapter "Notices on Analog specification"
» Update revision status

3.3 » Update chapter "Product overview"
+ Addenda chapter “Notices on analog specifications”
3.2 * Update chapter "Notes on the documentation”

» Update of Technical data
+ Addenda chapter "TwinCAT Quick Start"
» Update revision status

3.1 » Section “Oversampling terminals and TwinCAT Scope” added
3.0 » Migration
2.0 » Update chapter "Technical data"

» Addenda chapter "Installation instructions for enhanced mechanical load capacity”
» Update structure
» Update revision status

1.9 » Update structure
* “Technical data” section updated
1.8 + Structural update

* Technical data updated
» Section "Configuration of 0/4..20 mA differential inputs" amended

1.7 » Technical notes added

1.6 » Technical notes example program amended

1.5 » Example program amended

14 » EL3742 amended

1.3 » Examples amended

1.2 » Technical data and safety instructions amended
1.1 * Technical data amended

1.0 » Technical data amended

0.1 » Provisional documentation for EL37x2

24 Version identification of EtherCAT devices
Designation

A Beckhoff EtherCAT device has a 14-digit designation, made up of
« family key
* type

EL37x2 Version: 3.6 9
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* version
* revision

Example Family Type Version Revision

EL3314-0000-0016 |EL terminal 3314 (4-channel thermocouple  |0000 (basic type) 0016
(12 mm, non- terminal)
pluggable connection
level)

ES3602-0010-0017 |ES terminal 3602 (2-channel voltage 0010 (high- 0017
(12 mm, pluggable measurement) precision version)
connection level)

CU2008-0000-0000 |CU device 2008 (8-port fast ethernet switch) /0000 (basic type) (0000

Notes

* The elements mentioned above result in the technical designation. EL3314-0000-0016 is used in the
example below.

« EL3314-0000 is the order identifier, in the case of “-0000” usually abbreviated to EL3314. “-0016” is the
EtherCAT revision.

» The order identifier is made up of
- family key (EL, EP, CU, ES, KL, CX, etc.)
- type (3314)
- version (-0000)

» The revision -0016 shows the technical progress, such as the extension of features with regard to the
EtherCAT communication, and is managed by Beckhoff.
In principle, a device with a higher revision can replace a device with a lower revision, unless specified
otherwise, e.g. in the documentation.
Associated and synonymous with each revision there is usually a description (ESI, EtherCAT Slave
Information) in the form of an XML file, which is available for download from the Beckhoff web site.
From 2014/01 the revision is shown on the outside of the IP20 terminals, see Fig. “EL5021 EL terminal,
standard IP20 10 device with batch number and revision ID (since 2014/01)”.

» The type, version and revision are read as decimal numbers, even if they are technically saved in
hexadecimal.

Identification number

Beckhoff EtherCAT devices from the different lines have different kinds of identification numbers:

Production lot/batch number/serial number/date code/D number

The serial number for Beckhoff 10 devices is usually the 8-digit number printed on the device or on a sticker.
The serial number indicates the configuration in delivery state and therefore refers to a whole production
batch, without distinguishing the individual modules of a batch.

Structure of the serial number: KK YY FF HH

KK - week of production (CW, calendar week)
YY - year of production

FF - firmware version

HH - hardware version

Example with
Ser. no.: 12063A02: 12 - production week 12 06 - production year 2006 3A - firmware version 3A 02 -
hardware version 02

Exceptions can occur in the IP67 area, where the following syntax can be used (see respective device
documentation):

Syntax: Dwwyy xyzu

10 Version: 3.6 EL37x2
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D - prefix designation
ww - calendar week

yy - year

x - firmware version of the bus PCB
y - hardware version of the bus PCB
z - firmware version of the I/O PCB
u - hardware version of the I1/0 PCB

Example: D.22081501 calendar week 22 of the year 2008 firmware version of bus PCB: 1 hardware version
gfc béJ:s1PCB: 5 firmware version of I/O PCB: 0 (no firmware necessary for this PCB) hardware version of /O
Unique serial number/ID, ID number
In addition, in some series each individual module has its own unique serial number.
See also the further documentation in the area

» IP67: EtherCAT Box

+ Safety: TwinSafe
» Terminals with factory calibration certificate and other measuring terminals

Examples of markings

Fig. 1: EL5021 EL terminal, standard IP20 10 device with serial/ batch number and revision ID (since
2014/01)

Fig. 2: EK1100 EtherCAT coupler, standard IP20 10 device with serial/ batch number

EL37x2 Version: 3.6 1
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Fig. 3: CU2016 switch with serial/ batch number

32020020

T

ID- 204418
2 Channel Analog Input - certified
PT100 (1000) accuracy 0.1°C

Fig. 4: EL3202-0020 with serial/ batch number 26131006 and unique ID-number 204418

Fig. 5: EP1258-00001 IP67 EtherCAT Box with batch number/ date code 22090101 and unique serial
number 158102

Fig. 6: EP1908-0002 IP67 EtherCAT Safety Box with batch number/ date code 071201FF and unique serial
number 00346070

12 Version: 3.6 EL37x2



BEGKHOFF Foreword

Fig. 7: EL2904 IP20 safety terminal with batch number/ date code 50110302 and unique serial number
00331701

Fig. 8: ELM3604-0002 terminal with unique ID number (QR code) 100001051 and serial/ batch number
44160201

EL37x2 Version: 3.6 13
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3 Product overview

3.1 EL3702 - Introduction
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Fig. 9: EL3702

Two-channel analog input terminal, differential inputs, -10 V ... +10 V with oversampling

The EL3702 analog input terminal handles signals in the range from -10 V to +10 V. The voltage is digitized
to a resolution of 16 bits, and is transmitted, electrically isolated, to the controller. The input channels of the
EtherCAT Terminals have differential inputs and possess a common, internal ground potential.

The signals are sampled with a configurable, integer multiple (oversampling factor: n) of the bus cycle time
(n microcycles per EtherCAT bus cycle). The EtherCAT Terminal generates a set of n process data per
channel for each EtherCAT bus cycle, which is accumulated and transferred in the next bus cycle. The
timebase of the terminal can be synchronized precisely with other EtherCAT devices via distributed clocks.
This procedure enables the temporal resolution of the analog input signals to be increased to n times the bus
cycle time.

Responses at equidistant intervals are made possible in conjunction with the EL4702/EL4732 (analog output
terminal with oversampling) or any other distributed clocks-capable EtherCAT device.

The maximum sampling rate of the EL3702 is 100 ksps (10 ys sampling) at a recommended input signal
bandwidth of 0..30 kHz.
Information on the distributed clocks can be found in the separate System description.

The EL3702-0015 analog input terminal is also available for signals in the range from -150 mV to + 150 mV.

Quick links
» EtherCAT basics
 Basic function principles [» 18]

» Process data and configuration [» 138]

14 Version: 3.6 EL37x2
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3.2 EL3702 - Technical data

Technical data EL3702 [EL3702-0015
Number of inputs 2

Signal voltage -0V ... +10V -150 mV ... +150 mV

Oversampling factor

n = integer multiple of the EtherCAT cycle time, 1..100

Distributed Clocks precision

<100 ns

Internal resistance > 200 kQ

Common-mode voltage Ugy, max. 35V

Resolution 16 bit

Conversion time ~10 us

Measuring error <+0.3% <203 %

(at 25°C ... +55°C,
based on the full-scale value, at <
10 Hz input signal)

(based on the full-scale value, at <
10 Hz input signal)

<+x05%
(when the extended temperature
range is used)

Input signal bandwidth

0 ... 30 kHz (recommended)

Electrical isolation

500 V (E-bus/field voltage)

Supply voltage for electronics

via the E-bus

Current consumption via E-bus

typ. 200 mA

Bit width in process image

Input: n x 2 x 16 bit data, 2 x 16 bit CycleCounter if applicable, 4 bytes
StartNextLatchTime if applicable

Configuration via TwinCAT System Manager

Weight approx. 60 g

Permissible ambient temperature -25°C ... +60°C 0°C ... +55°C
range during operation (extended temperature range)

Permissible ambient temperature -40°C ... +85°C -25°C ... +85°C
range during storage

Permissible relative humidity

95 %, no condensation

Dimensions (W x H x D)

approx. 15 mm x 100 mm x 70 mm (width aligned: 12 mm)

Mounting [>_34]

on 35 mm mounting rail conforms to EN 60715

Vibration/shock resistance

conforms to EN 60068-2-6 / EN conforms to EN 60068-2-6 / EN
60068-2-27, 60068-2-27

see also installation instructions

[»_37] for enhanced mechanical
load capacity

EMC immunity/emission

conforms to EN 61000-6-2 / EN 61000-6-4

Protection class IP20
Installation position variable
Approval CE CE
ATEX [» 44]
IECEX
cULus [P 45]
EL37x2 Version: 3.6 15
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3.3 EL3742 - Introduction
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Fig. 10: EL3742

Two-channel analog input terminal, differential inputs, 0 ... 20 mA with oversampling

The EL3742 analog input terminal handles signals in the range from 0 to 20 mA. The voltage is digitized to a
resolution of 16 bits, and is transmitted, electrically isolated, to the controller. The input channels of the
EtherCAT Terminals have differential inputs and possess a common, internal ground potential.

The signals are sampled with a configurable, integer multiple (oversampling factor: n) of the bus cycle time
(n microcycles per EtherCAT bus cycle). The EtherCAT Terminal generates a set of n process data per
channel for each EtherCAT bus cycle, which is accumulated and transferred in the next bus cycle. The
timebase of the terminal can be synchronized precisely with other EtherCAT devices via distributed clocks.
This procedure enables the temporal resolution of the analog input signals to be increased to n times the bus
cycle time.

Responses at equidistant intervals are made possible in conjunction with the EL4702/EL4732 (analog output
terminal with oversampling) or any other distributed clocks-capable EtherCAT device.

The maximum sampling rate of the EL3742 is 100 ksps (10 ys sampling) at a recommended input signal
bandwidth of 0..30 kHz.

Information on the distributed clocks can be found in the separate System description.
Quick links

+ EtherCAT basics

* Basic function principles [P 18]

» Process data and configuration [» 138]

16 Version: 3.6 EL37x2
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3.4 EL3742 - Technical data

Technical data EL3742
Number of inputs 2
Signal voltage 0 mA...20 mA

Oversampling factor

n = integer multiple of the EtherCAT cycle time, 1..100

Distributed Clocks precision

<100 ns

Internal resistance

85 Q typ. + diode voltage

Resolution

16 bit

Conversion time

~10 us

Input signal bandwidth

0 ... 30 kHz (recommended)

Measuring error

<+0.3% (at25°C ... +55 °C,

based on the full-scale value, at < 10 Hz input signal)
<+ 0.5 % (when the extended temperature range is
used)

Electrical isolation

500 V (E-bus/field voltage)

Supply voltage for electronics

via the E-bus

Current consumption via E-bus

typ. 200 mA

Bit width in process image

Input: n x 2 x 16 bit data, 2 x 16 bit CycleCounter if
applicable, 4 bytes StartNextLatchTime if applicable

Configuration

via TwinCAT System Manager

Weight

approx. 60 g

Permissible ambient temperature range during
operation

-25 °C ... +60 °C (extended temperature range)

Permissible ambient temperature range during
storage

-40°C ... +85°C

Permissible relative humidity

95 %, no condensation

Dimensions (W x H x D)

approx. 15 mm x 100 mm x 70 mm (width aligned:
12 mm)

Mounting [> 34]

on 35 mm mounting rail conforms to EN 60715

Vibration/shock resistance

conforms to EN 60068-2-6 / EN 60068-2-27,

see also installation instructions [P 37] for enhanced
mechanical load capacity

EMC immunity/emission

conforms to EN 61000-6-2 / EN 61000-6-4

Protection class

IP20

Installation position variable
Approval CE
ATEX [P 44]
cULus [P 45]
EL37x2 Version: 3.6 17
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3.5 Basic function principles

The analog EL3702/ EL3742 input terminal enables measurement of two voltages/currents, which can be
displayed with a resolution of 16 bit (65535 steps).

The oversampling feature enables the terminal to sample analog input values several times during each bus
cycle on each channel.

Oversampling

A conventional analog input terminal samples one analog input value ("sample") during each bus cycle and
transfers it to the higher-level control system during the next fieldbus cycle. The EL37x2 samples the voltage
several times between two fieldbus communication cycles configurable and at equidistant intervals. A 16-bit
packet of x analog measured values is transferred to the higher-level control system during the next fieldbus
communication cycle. This procedure is referred to as oversampling.

Distributed Clock

Oversampling requires a clock generator in the terminal that triggers the individual data sampling events.
The local clock in the terminal, referred to as distributed clock, is used for this purpose.

The distributed clock represents a local clock in the EtherCAT slave controller (ESC) with the following
characteristics:

e Unit 7 ns.
» Zero point 1.7.2000 00:00.

» Size 64 bit (sufficient for the next 584 years); however, some EtherCAT slaves only offer 32-bit
support, i.e. the variable overflows after approx. 4.2 seconds.

» The EtherCAT master automatically synchronizes the local clock with the master clock in the EtherCAT
bus with a precision of < 100 ns.

The EL37x2 only offers 32-bit support.

Sample:

The fieldbus/EtherCAT master is operated with a cycle time of 1 ms to match the higher-level PLC cycle time
of 1 ms, for example. This means that every 1 ms an EtherCAT frame is sent to collect the process data from
the EL37x2. The local terminal clock therefore triggers an interrupt in the ESC every 1 ms (1 kHz), in order to
make the process data available in time for collection by the EtherCAT frame. This first interrupt is called
SYNC1.

The EL37x2 may be set to oversampling n = 10 in the TwinCAT System Manager. This causes the ESC to
generate a second interrupt in the terminal with an n-times higher frequency, in this case 10 kHz or 100 ys
period. This interrupt is called SYNCO. At each SYNCO signal the analog-to-digital converter (ADC) starts a
data sampling event, and the sampled analog values are sequentially stored in a buffer.

@® Determining the input voltages/input currents

1 Both input voltages / input currents (channels 1 and 2) are always sampled simultaneously. This is
ensured by the ADC type that is triggered by the SYNCO pulse. No other operation mode is possi-
ble.

Generation of the SYNCO pulse from the local synchronized clock within the distributed clock network
ensures that the analog values are sampled at highly equidistant intervals with the period of the SYNC1
pulse.

The maximum oversampling factor depends on the memory size of the used ESC and in the KKYY0000
version of the EL37x2, itis n = 100.

18 Version: 3.6 EL37x2
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® Maximum sampling frequency

1 A smaller period than 10 ps is not permitted for the EL37x2. The maximum sampling frequency for
the EL37x2 is therefore 100 kSps (samples per second).
Regarding the calculation of SYNCO from the SYNC1 pulse based on manual specification of an
oversampling factor, please note that for SYNCO only integer values are calculated at nanosecond
intervals.

Sample: 187,500 ps is permitted, 333.3 is not.

Sample:

For SYNC1 = 1 ms oversampling factors such as 1,2,5 or 100 are permitted, but not 3! If implausible values
are use the terminal will reach the OP state but will not supply any process data. This may result in a working
counter error.

The 16-bit measured values accumulated in the buffer are sent as a packet to the higher-level control
system. For two channels and n = 100, 2 x 2 x 100 = 400 bytes of process data are transferred during each
EtherCAT cycle.

Time-related cooperation with other terminals

ADC data sampling in the EL37x2 is triggered by an interrupt that is generated by the local clock in the
terminal. All local clocks in the supporting EtherCAT slaves are synchronized. This enables EtherCAT slaves
(here: terminals) to sample measured values simultaneously (simultaneous interrupt generation),
independent of the distance between them. This simultaneity is within the distributed clock precision range of
<100 ns.

Sample:
Matching between two EL37x2:

The EtherCAT master, e.g. Beckhoff TwinCAT, configures both EL37x2 such that their SYNC1 signals occur
at the same time. Assumption: The EtherCAT bus cycle time is 500 ys. SYNC1 is therefore triggered every
500 ps in all EL37x2. If both terminals operate with a corresponding oversampling factor (e.g. 20), the
SYNCO pulse correlating to SYNC1 will occur simultaneously in all EL37x2, in this example every 25 ys. One
application option would be "distributed" oscilloscope with a sampling frequency of 40 kSps, for example.

If the EL37x2 use different oversampling factors, their SYNCO pulses no longer occur simultaneously. The
higher-level SYNC1 pulse is retained.

If a value is entered under "Shift time (us)" in the TwinCAT System Manager (DC tab, Advanced Settings) for
the SYNCO pulse in an EL37x2, the EL37x2 manipulated in this way will start output sooner or later,
according to the set value. This can be useful in cases where a wanted signal has to be sampled at a higher
frequency than the 100 kSps permitted for the EL37x2, and several interconnected EL37x2 are therefore
used.

Sample:

For sampling a wanted signal at 200 kSps two EL37x2 are used side-by-side and subjected to the same
wanted signal (e.g. channel 1 in both terminals). Assume a bus cycle of 1 ms, an oversampling factor in both
EL37x2 of n = 100, and therefore maximum speed at 10 us interval or 100 kSps. In the second EL37x2 an
additional Shift Time of 5 ps is entered manually for this terminal in the System Manager (DC tab, Advanced
Settings, SYNCO, User Defined). This means all SYNCO pulses for this EL37x2 will occur 5 ps later than for
the first EL37x2.

@® Synchronization and provision of process data

1 Since the SYNC1 pulse is derived from the SYNCO pulse, each SYNC1 pulse of the second EL37x2
will occur 5 ys after the SYNC1 pulse of the first EL37x2. Please note that this may influence the
timing of the process data allocation for the EtherCAT frame, since this is controlled by the SYNC1
pulse.
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Each terminal now transfers a 400 byte process data packet to the higher-level control system. If these two
data sets (which are offset by 5 us) with a length of 1 ms each are sorted in the right chronological order in
the control system, the wanted signal is transparently sampled at 200 kSps.

The application of these functions using the Beckhoff TwinCAT System Manager is described in section
Process data and configuration [»_138].

® SYNCO0 and SYNC1 pulse with several EtherCAT slaves

1 This approach of matching the SYNCO and SYNC1 pulses of several EtherCAT slaves is not limited
to EL37x2.
All EtherCAT slaves supporting the distributed clock function can be correlated relatively freely in
this way.

NOTE

Attention! Risk of device damage!

The above notes and information should be used advisedly.

The EtherCAT master automatically allocates SYNCO and SYNC1 settings that support reliable and timely
process data acquisition.

User intervention at this point may lead to undesired behavior.

If these settings are changed in the System Manager, no plausibility checks are carried out on the software
side.

Correct function of the terminal with all conceivable setting options cannot be guaranteed.

Timestamp of the process data

The EL37xx can provide a "timestamp" for each process data block, if required. This process record can be
activated as StartTimeNextLatch, a as 32-bit value, by activating 0x1B10 in the Process Data tab, see also

Process Data [»_138] page.

' PLC - Configuration Sync Manager:
=i 1/O - Configuration
=-B8 /O Devices SM | Size | Type | Fla.
£ 5% Device 1 (EtherCAT) L Inputs
-=ja Device 1-Image-Info 24 Inputs_|
- 4T Inputs
- §l Outputs
=-§ InfoData

=1 Term 1 (EK1100)

w-§ InfoData PDO Assignment (0x1C12):
S8l Term 2 (EL3702) []OX1AE BN
w- ! Chl CydeCount [J0x1AE?2
&-§1 Ch1 Sample 0 [J0x1AE3
=-§1 Ch1 Sample 1 % 0x1810
- §1 Ch2 CydeCount
%T Ch2 Sample 0 Download
- §1 Ch2 Sample 1 [~ PDO Assignment
E%T NextsynclTime [~ PDO Configuration
- | &7 StartTimeNextLatch |

w-§ WoState
=-§ InfoData |

Fig. 11: Optional process record StartTimeNextLatch
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As the name suggests, the data block consisting of sample value+timestamp, which is transferred in each
cycle, is not related. The relationship is shown in Fig. Temporal relationship between SYNC signals and
SyncManager interrupt. To explain in more detail:

+ the example is based on an oversampling factor of 5

» The SYNCO signal in the terminal triggers the AD conversion and fills the internal buffer with 5
measured values (A).

« SYNC1, which triggers the filled buffer to be made available as process record and at the same time
fetches the StartTimeNextLatch from the local distributed clock (B), runs synchronous with the cycle
time.

e The data block is linked with the next but one LatchTime.
» The next EtherCAT cycle fetches this data (C).

EtherCAT cycle PLC PLC PLC
C
_ —» data _ —»{ data _ —» data
/ latch| 7~ latch / latch
/ time | / g time / time
/ —v_ | —w_ | R
| ‘T‘“'-—-._____ Hﬂ"‘-—__,_. H“"—-..__._
Sync0 3Tz fo[1]2(3]4|0[1]2]3[4]0]1
Oversampling gt 53+ 5 %3
— >
latch A latch latch
time time time

—

start of new data block, triggered by SYNC1

Fig. 12: Temporal relationship between SYNC signals and SyncManager interrupt

Process data

Analog values are represented as follows:

Input signal Value

EL3702 Decimal Hexadecimal
-10V -32767 0x8001

+10V +32767 Ox7FFF
Input signal Value

EL3742 Decimal Hexadecimal
0 mA 0 0x0000

20 mA +32767 Ox7FFF

The terminal is adjusted during production. No further user intervention is required.

Input characteristics

The input circuit of this terminal is optimized for higher-frequency signals up to around 30 kHz, i.e. the

recommended bandwidth of the wanted signal is 0 Hz to 30 kHz in the range -10 V to +10 V or 0 mA to
20 mA. In this frequency range the typical measuring accuracy is as follows:

EL37x2
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<10Hz <0.3 % of full-scale value
<10 kHz <1 % of full-scale value
<30 kHz <4 % of full-scale value

For wanted signals with higher frequencies the signal transducer must have adequately low impedance, in
order to prevent amplitude variations (e.g. attenuation in association with simple signal generators) leading
to incorrect measurements.

Interference from equipment

This fast analog EtherCAT Terminal may pick up high-frequency superimposed interference signals from
other equipment (e.g. proportional valves, stepper motor or DC motor output stages). In order to ensure
trouble-free operation, we recommend using separate power supply units for the terminals and the
equipment causing interference. The cables should be screened.

3.6 Sample programs

Using the example programs

o

1 This document contains sample applications of our products for certain areas of application. The
application notices provided here are based on typical features of our products and only serve as
samples. The notices contained in this document explicitly do not refer to specific applications. The
customer is therefore responsible for assessing and deciding whether the product is suitable for a
particular application. We accept no responsibility for the completeness and correctness of the
source code contained in this document. We reserve the right to modify the content of this docu-
ment at any time and accept no responsibility for errors and missing information.

Diagnostics and time-stamping of analog input data

A& Download (https://infosys.beckhoff.com/content/1033/el37x2/Resources/zip/2445351051.zip)

In this example the input data of an EL3702 will be checked for validity and processed:

* 1 ms cycle time, 10-fold oversampling, 2 channels

+ WC, State, EtherCAT Master DevState and CycleCounter are checked cyclically; the input data is only
passed on if it is valid

« Starting from the time stamp delivered with sample 0, all other samples will be given 64-bit DC time
stamps

» Default values will be passed on if the input data is invalid; time stamping continues
» The data from each cycle is placed in a FIFO buffer so that a superordinated process, e.g. an
evaluation, can take place.

Connection diagram:
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]L Sensor 1
| S
Sensor 2
™
=
e

Fig. 13: Connection for sample program

Starting the example program

The application samples have been tested with a test configuration and are described accordingly.
Certain deviations when setting up actual applications are possible.

The following hardware and software were used for the test configuration:

TwinCAT master PC with Windows XP Professional SP 3, TwinCAT version 2.10 (Build 1330) and
INTEL PRO/100 VE Ethernet adapter

Beckhoff EK1100 EtherCAT coupler, EL3702 and EL9011 terminals
2 x optical proximity limit switch 0 - 10 V with two-wire technology

Procedure for starting the program

After clicking the Download button, save the zip file locally on your hard disk, and unzip the *. TSM
(configuration) and the *.PRO (PLC program) files into a temporary working folder.

The *.pro file can be opened by double click or by the TwinCAT PLC Control application with menu
selection “File/ Open”. The *.tsm file is provided for the TwinCAT System Manager (to review or
overtake configurations).

Connect the hardware in accordance with fig. Connection for sample program [» 22] and connect the
Ethernet adapter of your PC to the EtherCAT coupler (further information on this can be found in the
corresponding coupler manuals)

Select the local Ethernet adapter (with real-time driver, if applicable) under System configuration, I/O
configuration, 1/0 devices, Device (EtherCAT); then on the “Adapter” tab choose “Search...”, select the
appropriate adapter and confirm (see Fig. Searching the Ethernet adapter + Selection and confirmation
of the Ethernet adapter).
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File Edit Actons View Options Help
Dl S8 DRR |6 Basdd s e D 2Q L ase &l
‘General Adapter | EtherCAT | Online | CoE - Oniine |

E SYSTEM - Configuration
-8l MC - Configuration

E il _CCE'D”nﬁﬁgg”Jf'ahﬁTn Description: [FCS004_4 (InteliF) PRO/100 5 Desktop Adapter #13 - Paketplaner M
= 1/o - Configuration Device Name: [\DEVICE'{E 0125€ DA-293C-4E DB-BC51 03E CB90CEE 5
=B 1/O Devices
| =% Device 1 (EtherCAT) MAC Address: {0001 05 0 05 81 | Search.. * |
i g::i: 32:3;1 - 1P Address: [172.15.810 (256,255 265.0) Compatible Devices... |
- @ Inputs Freeun Cycle fns):  [1 =
- § Outputs
&-§ InfoData
=-[fl Term 1(EK1100) ™ Promiscuous Mode {use with Netmon,Wireshark only)
- § InfoData I Virtual Device Names
ca® =l Term 2 {EL5021)
B Term 3{EL2011)
ﬁ Mappings
a [+

Fig. 14: Searching the Ethernet adapter

(] h I
LAM Yerbindung 2 [IntellR ] PRO/1 00 S-tMobiladapter - Paketplaner-kin

LAM Aferbindung 7 [T eambiswer YPM Adapter #2 - Paketplaner-Miniparl Cancel
Tearmtfiewer WPH [Team'iewer WPN Adapter - Paketplaner-Minipart]

& Unused
Al

Help |

Fig. 15: Selection and confirmation of the Ethernet adapter

+ Activate and confirm the configuration (Fig. Activation of the configuration + Confirming the activation
of the configuration)

Iv‘(%@i

| EtherCaT | Oriine | CoE -

e
FER L

IFEEIEII:I#_# (Intel(R] PRO/

[N PIFVIPE A N PaF Mia . 2e

Fig. 16: Activation of the configuration
TwinCAT System Manager

\.:':./ Activake Configuration

(0ld Configurations will be overwritten!)

(0] 4 i | Cancel |

Fig. 17: Confirming the activation of the configuration
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» Confirm new variable mapping, restart in RUN mode (Fig. Generate variable mapping + Restarting
TwinCAT in RUN mode)

TwinCAT System Manager E

? | Document is modified!
‘-—‘/ Generate mapping before activate configuration?

Yes Mo | Cancel |

Fig. 18: Generating variable mapping

TwinCAT System Manager E

?r) Restart TwinCAT System in Run Mode
e

Ik i I Cancel |

Fig. 19: Restarting TwinCAT in RUN mode

* In TwinCAT PLC, under the “Project” menu, select “Rebuild all” to compile the project (Fig. Compile
project)

F“ETwinCAT PLC Control - EL2252_example_programmn

File Edit | Project Insett Extras Cnline ‘Window Help

_:ir-:ihl ﬁ"r_ Build Chrl+FE
m Clean all Il

Load download infarmation. . .

-

Dhject
Project database

-

Options. ..

Translate inko other languages r

Docurnent. ..

Export...

Fig. 20: Compile project

* In TwinCAT PLC: log in with the “F11” button, confirm loading the program (Fig. Confirming program
start), run the program with the “F5” button

TwinCAT PLC Conkrol

\:.:?/I Mo program on the controller! Download the new program?

Yes Mo | Cancel |

Fig. 21: Confirming program start

Working with DC times in the controller

From the perspective of the controller the distributed clock time has the following characteristics:

e Unit 71 ns
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* Universal zero point 7.7.2000 00:00, i.e. for variable evaluations an offset of 2000 years has to be
added

« Scope up to 64 bit (sufficient for 584 years). However, some EtherCAT slaves only support a 32 bit
scope, i.e. the register overflows locally after approx. 4.2 seconds and starts again at 0.

The following 3 data types are recommended for handling DC times

* T_DCTIME from TcEtherCAT.lib
This is based on T_ULARGE_INTEGER and is therefore unsigned. It can be used for linking with
suitable hardware variables

 T_ULARGE_INTEGER from TcUltilities.lib
Unsigned 64-bit data type

 T_LARGE_INTEGER from TcUtilities.lib
Signed 64-bit data type, negative numbers are represented in two's complement notation (underflow
below 0 --> OxFFFF FFFF FFFF FFFF etc.)
TcUtilities.lib (section INT64) provides numerous relevant functions. Of particular significance are the
cast functions LARGE_TO_ULARGE and vice versa.
This type should be used when working with time differences that may be negative.
If TwinCAT is used for external synchronization, negative times will inevitably occur in the offset values.

® 64-vs. 32-bit representation

Some EtherCAT slaves can only handle 32 bit values for representing the DC time or handle it as a
process data. In order to prevent problems caused by overflow (every 4.2 seconds), we strongly
recommend using 64-bit times in the controller.

» 32-bit times supplied to the PLC must be complemented with the current High part
* In this case only the Low part (lower 32 bit) should be transferred to the hardware

This sample project

= (https://infosys.beckhoff.com/content/1033/el37x2/Resources/zip/2469155979.zip) contains a function
block that cyclically adds the high part to a 32-bit DC time to make 64 bits.
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4 Basics communication

4.1 EtherCAT basics

Please refer to the chapter _EtherCAT System Documentation for the EtherCAT fieldbus basics.

4.2 EtherCAT cabling — wire-bound

The cable length between two EtherCAT devices must not exceed 100 m. This results from the FastEthernet
technology, which, above all for reasons of signal attenuation over the length of the cable, allows a maximum

link length of 5 + 90 + 5 m if cables with appropriate properties are used. See also the Design
recommendations for the infrastructure for EtherCAT/Ethernet.

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.

EtherCAT uses RJ45 plug connectors, for example. The pin assignment is compatible with the Ethernet
standard (ISO/IEC 8802-3).

Pin Color of conductor Signal Description

1 yellow TD + Transmission Data +
2 orange D - Transmission Data -
3 white RD + Receiver Data +

6 blue RD - Receiver Data -

Due to automatic cable detection (auto-crossing) symmetric (1:1) or cross-over cables can be used between
EtherCAT devices from Beckhoff.

® Recommended cables
1 Suitable cables for the connection of EtherCAT devices can be found on the Beckhoff website!

E-Bus supply

A bus coupler can supply the EL terminals added to it with the E-bus system voltage of 5 V; a coupler is
thereby loadable up to 2 A as a rule (see details in respective device documentation).

Information on how much current each EL terminal requires from the E-bus supply is available online and in
the catalogue. If the added terminals require more current than the coupler can supply, then power feed

terminals (e.g. EL9410) must be inserted at appropriate places in the terminal strand.

The pre-calculated theoretical maximum E-Bus current is displayed in the TwinCAT System Manager. A
shortfall is marked by a negative total amount and an exclamation mark; a power feed terminal is to be
placed before such a position.
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&% /O Devic=s Number | Box Name | Add... [ Type [mnsi...| out .| E-Bus (mA)
= Eﬂg‘f}lﬁgﬂl w1 Term 1 (EK1100) 1001  EK1100
|+ Doks i imece Tnfo %2  Term2(EL2008) 1002 EL2008 10 | 1890
o Inpute %3  Term3(EL2008) 1003 EL2008 10 | 1780
-4l Outputs W4 Term4(EL2008) 1004 EL2008 10 | 1670
+ % Infobats %S5  TermS5(EL6740.. 1005 EL6740-0010 2.0 2.0 | 1220
&8 Term 1 (EK1100) 6  Term6(EL6740.. 1006 EL6740-0010 20 20 | 770
&8 InfoData 7  Term7(EL6740.. 1007 EL6740-0010 20 20 | 320
=™ Term 2 (EL2008) §  Term8(EL6740.. 1008 EL6740-0010 2.0 2.0 | -1301
% Term 3 (EL2008) "9  Term© (EL6740.. 1009 EL6740-0010 2.0 2.0 | -5801

Fig. 22: System manager current calculation

Malfunction possible!

The same ground potential must be used for the E-Bus supply of all EtherCAT terminals in a terminal block!

4.3 General notes for setting the watchdog

ELxxxx terminals are equipped with a safety feature (watchdog) that switches off the outputs after a
specifiable time e.g. in the event of an interruption of the process data traffic, depending on the device and
settings, e.g. in OFF state.

The EtherCAT slave controller (ESC) in the EL2xxx terminals features 2 watchdogs:

+ SM watchdog (default: 100 ms)
» PDI watchdog (default: 100 ms)

SM watchdog (SyncManager Watchdog)

The SyncManager watchdog is reset after each successful EtherCAT process data communication with the
terminal. If no EtherCAT process data communication takes place with the terminal for longer than the set
and activated SM watchdog time, e.g. in the event of a line interruption, the watchdog is triggered and the
outputs are set to FALSE. The OP state of the terminal is unaffected. The watchdog is only reset after a
successful EtherCAT process data access. Set the monitoring time as described below.

The SyncManager watchdog monitors correct and timely process data communication with the ESC from the
EtherCAT side.

PDI watchdog (Process Data Watchdog)

If no PDI communication with the EtherCAT slave controller (ESC) takes place for longer than the set and
activated PDI watchdog time, this watchdog is triggered.

PDI (Process Data Interface) is the internal interface between the ESC and local processors in the EtherCAT
slave, for example. The PDI watchdog can be used to monitor this communication for failure.

The PDI watchdog monitors correct and timely process data communication with the ESC from the
application side.

The settings of the SM- and PDI-watchdog must be done for each slave separately in the TwinCAT System
Manager.
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Fig. 23: EtherCAT tab -> Advanced Settings -> Behavior -> Watchdog

Notes:

 the multiplier is valid for both watchdogs.

» each watchdog has its own timer setting, the outcome of this in summary with the multiplier is a

resulting time.

» Important: the multiplier/timer setting is only loaded into the slave at the start up, if the checkbox is

activated.

If the checkbox is not activated, nothing is downloaded and the ESC settings remain unchanged.

Multiplier
Multiplier

Both watchdogs receive their pulses from the local terminal cycle, divided by the watchdog multiplier:

1/25 MHz * (watchdog multiplier + 2) = 100 ps (for default setting of 2498 for the multiplier)

The standard setting of 1000 for the SM watchdog corresponds to a release time of 100 ms.

The value in multiplier + 2 corresponds to the number of basic 40 ns ticks representing a watchdog tick.

The multiplier can be modified in order to adjust the watchdog time over a larger range.

EL37x2
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Example "Set SM watchdog"

This checkbox enables manual setting of the watchdog times. If the outputs are set and the EtherCAT
communication is interrupted, the SM watchdog is triggered after the set time and the outputs are erased.
This setting can be used for adapting a terminal to a slower EtherCAT master or long cycle times. The
default SM watchdog setting is 100 ms. The setting range is 0..65535. Together with a multiplier with a range
of 1..65535 this covers a watchdog period between 0..~170 seconds.

Calculation

Multiplier = 2498 — watchdog base time =1 /25 MHz * (2498 + 2) = 0.0001 seconds = 100 ps
SM watchdog = 10000 — 10000 * 100 ps = 1 second watchdog monitoring time

A CAUTION

Undefined state possible!

The function for switching off of the SM watchdog via SM watchdog = 0 is only implemented in terminals
from version -0016. In previous versions this operating mode should not be used.

A CAUTION

Damage of devices and undefined state possible!

If the SM watchdog is activated and a value of 0 is entered the watchdog switches off completely. This is
the deactivation of the watchdog! Set outputs are NOT set in a safe state, if the communication is inter-
rupted.

4.4 EtherCAT State Machine

The state of the EtherCAT slave is controlled via the EtherCAT State Machine (ESM). Depending upon the
state, different functions are accessible or executable in the EtherCAT slave. Specific commands must be
sent by the EtherCAT master to the device in each state, particularly during the bootup of the slave.
A distinction is made between the following states:

o Init

* Pre-Operational

» Safe-Operational and

* Operational

* Boot

The regular state of each EtherCAT slave after bootup is the OP state.
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Fig. 24: States of the EtherCAT State Machine

Init

After switch-on the EtherCAT slave in the Init state. No mailbox or process data communication is possible.
The EtherCAT master initializes sync manager channels 0 and 1 for mailbox communication.

Pre-Operational (Pre-Op)

During the transition between Init and Pre-Op the EtherCAT slave checks whether the mailbox was initialized
correctly.

In Pre-Op state mailbox communication is possible, but not process data communication. The EtherCAT
master initializes the sync manager channels for process data (from sync manager channel 2), the FMMU
channels and, if the slave supports configurable mapping, PDO mapping or the sync manager PDO
assignment. In this state the settings for the process data transfer and perhaps terminal-specific parameters
that may differ from the default settings are also transferred.

Safe-Operational (Safe-Op)

During transition between Pre-Op and Safe-Op the EtherCAT slave checks whether the sync manager
channels for process data communication and, if required, the distributed clocks settings are correct. Before
it acknowledges the change of state, the EtherCAT slave copies current input data into the associated DP-
RAM areas of the EtherCAT slave controller (ECSC).

In Safe-Op state mailbox and process data communication is possible, although the slave keeps its outputs
in a safe state, while the input data are updated cyclically.

® Outputs in SAFEOP state

1 The default set watchdog [P_28] monitoring sets the outputs of the module in a safe state - depend-
ing on the settings in SAFEOP and OP - e.g. in OFF state. If this is prevented by deactivation of the
watchdog monitoring in the module, the outputs can be switched or set also in the SAFEOP state.

Operational (Op)

Before the EtherCAT master switches the EtherCAT slave from Safe-Op to Op it must transfer valid output
data.

In the Op state the slave copies the output data of the masters to its outputs. Process data and mailbox
communication is possible.
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Boot

In the Boot state the slave firmware can be updated. The Boot state can only be reached via the Init state.

In the Boot state mailbox communication via the file access over EtherCAT (FoE) protocol is possible, but no
other mailbox communication and no process data communication.

4.5 CoE - Interface: notes

This device has no CoE.

Detailed information on the CoE interface can be found in the EtherCAT system documentation on the
Beckhoff website.
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4.6 Distributed Clock

The distributed clock represents a local clock in the EtherCAT slave controller (ESC) with the following
characteristics:

e Unit 1 ns
» Zero point 1.1.2000 00:00

» Size 64 bit (sufficient for the next 584 years; however, some EtherCAT slaves only offer 32-bit support,
i.e. the variable overflows after approx. 4.2 seconds)

» The EtherCAT master automatically synchronizes the local clock with the master clock in the EtherCAT
bus with a precision of < 100 ns.

For detailed information please refer to the EtherCAT system description.
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5 Mounting and wiring

5.1 Instructions for ESD protection

NOTE

Destruction of the devices by electrostatic discharge possible!
The devices contain components at risk from electrostatic discharge caused by improper handling.

v’ Please ensure you are electrostatically discharged and avoid touching the contacts of the device di-
rectly.

a) Avoid contact with highly insulating materials (synthetic fibers, plastic film etc.).

b) Surroundings (working place, packaging and personnel) should by grounded probably, when handling
with the devices.

c) Each assembly must be terminated at the right hand end with an EL9011 or EL9012 bus end cap, to en-
sure the protection class and ESD protection.

P - ""--...,_ﬁ
f ~

S
IH"\n
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e

Fig. 25: Spring contacts of the Beckhoff I/O components

5.2 Installation on mounting rails

Risk of electric shock and damage of device!

Bring the bus terminal system into a safe, powered down state before starting installation, disassembly or
wiring of the bus terminals!

34 Version: 3.6 EL37x2


https://www.beckhoff.de/english/ethercat/el9011.htm
https://www.beckhoff.de/english/ethercat/el9012.htm

BECKH“FF Mounting and wiring

Assembly

Fig. 26: Attaching on mounting rail

The bus coupler and bus terminals are attached to commercially available 35 mm mounting rails (DIN rails
according to EN 60715) by applying slight pressure:

1. First attach the fieldbus coupler to the mounting rail.

2. The bus terminals are now attached on the right-hand side of the fieldbus coupler. Join the compo-
nents with tongue and groove and push the terminals against the mounting rail, until the lock clicks
onto the mounting rail.

If the terminals are clipped onto the mounting rail first and then pushed together without tongue and
groove, the connection will not be operational! When correctly assembled, no significant gap should
be visible between the housings.

Fixing of mounting rails

The locking mechanism of the terminals and couplers extends to the profile of the mounting rail. At
the installation, the locking mechanism of the components must not come into conflict with the fixing
bolts of the mounting rail. To mount the mounting rails with a height of 7.5 mm under the terminals
and couplers, you should use flat mounting connections (e.g. countersunk screws or blind rivets).

jmio
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Disassembly

Fig. 27: Disassembling of terminal

Each terminal is secured by a lock on the mounting rail, which must be released for disassembly:

1. Pull the terminal by its orange-colored lugs approximately 1 cm away from the mounting rail. In doing
so for this terminal the mounting rail lock is released automatically and you can pull the terminal out of

the bus terminal block easily without excessive force.

2. Grasp the released terminal with thumb and index finger simultaneous at the upper and lower grooved
housing surfaces and pull the terminal out of the bus terminal block.

Connections within a bus terminal block

The electric connections between the Bus Coupler and the Bus Terminals are automatically realized by
joining the components:
» The six spring contacts of the K-Bus/E-Bus deal with the transfer of the data and the supply of the Bus
Terminal electronics.

» The power contacts deal with the supply for the field electronics and thus represent a supply rail within
the bus terminal block. The power contacts are supplied via terminals on the Bus Coupler (up to 24 V)
or for higher voltages via power feed terminals.

Power Contacts

[

1 During the design of a bus terminal block, the pin assignment of the individual Bus Terminals must
be taken account of, since some types (e.g. analog Bus Terminals or digital 4-channel Bus Termi-
nals) do not or not fully loop through the power contacts. Power Feed Terminals (KL91xx, KL92xx
or EL91xx, EL92xx) interrupt the power contacts and thus represent the start of a new supply rail.

PE power contact

The power contact labeled PE can be used as a protective earth. For safety reasons this contact mates first
when plugging together, and can ground short-circuit currents of up to 125 A.
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Fig. 28: Power contact on left side

NOTE
Possible damage of the device

Note that, for reasons of electromagnetic compatibility, the PE contacts are capacitatively coupled to the
mounting rail. This may lead to incorrect results during insulation testing or to damage on the terminal (e.g.
disruptive discharge to the PE line during insulation testing of a consumer with a nominal voltage of 230 V).
For insulation testing, disconnect the PE supply line at the Bus Coupler or the Power Feed Terminal! In or-
der to decouple further feed points for testing, these Power Feed Terminals can be released and pulled at
least 10 mm from the group of terminals.

Risk of electric shock!
The PE power contact must not be used for other potentials!

5.3 Installation instructions for enhanced mechanical load
capacity

Risk of injury through electric shock and damage to the device!

Bring the Bus Terminal system into a safe, de-energized state before starting mounting, disassembly or
wiring of the Bus Terminals!

Additional checks

The terminals have undergone the following additional tests:

Verification Explanation

Vibration 10 frequency runs in 3 axes

6 Hz < f < 60 Hz displacement 0.35 mm, constant amplitude
60.1 Hz < f < 500 Hz acceleration 5 g, constant amplitude
Shocks 1000 shocks in each direction, in 3 axes

25g,6 ms
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Additional installation instructions

For terminals with enhanced mechanical load capacity, the following additional installation instructions apply:
» The enhanced mechanical load capacity is valid for all permissible installation positions
* Use a mounting rail according to EN 60715 TH35-15

 Fix the terminal segment on both sides of the mounting rail with a mechanical fixture, e.g. an earth
terminal or reinforced end clamp

+ The maximum total extension of the terminal segment (without coupler) is:
64 terminals (12 mm mounting with) or 32 terminals (24 mm mounting with)

 Avoid deformation, twisting, crushing and bending of the mounting rail during edging and installation of
the rail

» The mounting points of the mounting rail must be set at 5 cm intervals
» Use countersunk head screws to fasten the mounting rail

» The free length between the strain relief and the wire connection should be kept as short as possible. A
distance of approx. 10 cm should be maintained to the cable duct.

54 Connection system

Risk of electric shock and damage of device!

Bring the bus terminal system into a safe, powered down state before starting installation, disassembly or
wiring of the Bus Terminals!

Overview
The Bus Terminal system offers different connection options for optimum adaptation to the respective
application:

» The terminals of KLxxxx and ELxxxx series with standard wiring include electronics and connection
level in a single enclosure.

» The terminals of KSxxxx and ESxxxx series feature a pluggable connection level and enable steady
wiring while replacing.

» The High Density Terminals (HD Terminals) include electronics and connection level in a single
enclosure and have advanced packaging density.

Standard wiring

Fig. 29: Standard wiring

The terminals of KLxxxx and ELxxxx series have been tried and tested for years.
They feature integrated screwless spring force technology for fast and simple assembly.
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Pluggable wiring

Fig. 30: Pluggable wiring

The terminals of KSxxxx and ESxxxx series feature a pluggable connection level.

The assembly and wiring procedure for the KS series is the same as for the KLxxxx and ELxxxx series.
The KS/ES series terminals enable the complete wiring to be removed as a plug connector from the top of
the housing for servicing.

The lower section can be removed from the terminal block by pulling the unlocking tab.

Insert the new component and plug in the connector with the wiring. This reduces the installation time and
eliminates the risk of wires being mixed up.

The familiar dimensions of the terminal only had to be changed slightly. The new connector adds about 3
mm. The maximum height of the terminal remains unchanged.

A tab for strain relief of the cable simplifies assembly in many applications and prevents tangling of individual
connection wires when the connector is removed.

Conductor cross sections between 0.08 mm? and 2.5 mm? can continue to be used with the proven spring
force technology.

The overview and nomenclature of the product names for KSxxxx and ESxxxx series has been retained as
known from KLxxxx and ELxxxx series.

High Density Terminals (HD Terminals)

Fig. 31: High Density Terminals

The Bus Terminals from these series with 16 connection points are distinguished by a particularly compact
design, as the packaging density is twice as large as that of the standard 12 mm Bus Terminals. Massive
conductors and conductors with a wire end sleeve can be inserted directly into the spring loaded terminal
point without tools.

® Wiring HD Terminals
1 The High Density (HD) Terminals of the KLx8xx and ELx8xx series doesn't support steady wiring.

Ultrasonically "bonded" (ultrasonically welded) conductors

@® Ultrasonically “bonded" conductors

1 It is also possible to connect the Standard and High Density Terminals with ultrasonically
"bonded" (ultrasonically welded) conductors. In this case, please note the tables concerning the

wire-size width [» 40] below!
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Wiring

Terminals for standard wiring ELxxxx/KLxxxx and for pluggable wiring ESxxxx/KSxxxx

Fig. 32: Mounting a cable on a terminal connection

Up to eight connections enable the connection of solid or finely stranded cables to the Bus Terminals. The
terminals are implemented in spring force technology. Connect the cables as follows:

1. Open a spring-loaded terminal by slightly pushing with a screwdriver or a rod into the square opening

above the terminal.

2. The wire can now be inserted into the round terminal opening without any force.
3. The terminal closes automatically when the pressure is released, holding the wire securely and per-

manently.
Terminal housing ELxxxx, KLxxxx ESxxxx, KSxxxx
Wire size width 0.08 ... 2,5 mm? 0.08 ... 2.5 mm?
Wire stripping length 8..9mm 9..10 mm

High Density Terminals ELx8xx, KLx8xx (HD)

The conductors of the HD Terminals are connected without tools for single-wire conductors using the direct
plug-in technique, i.e. after stripping the wire is simply plugged into the contact point. The cables are
released, as usual, using the contact release with the aid of a screwdriver. See the following table for the

suitable wire size width.

Terminal housing

High Density Housing

Wire size width (conductors with a wire end sleeve)

0.14 ... 0.75 mm?

Wire size width (single core wires)

0.08 ... 1.5 mm?

Wire size width (fine-wire conductors)

0.25 ... 1.5 mm?

Wire size width (ultrasonically “bonded™ conductors)

only 1.5 mm? (see notice [»_391!)

Wire stripping length

8..9mm
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Shielding

® Shielding
1 Analog sensors and actors should always be connected with shielded, twisted paired wires.

5.5 Installation positions

Constraints regarding installation position and operating temperature range

Please refer to the technical data for a terminal to ascertain whether any restrictions regarding the installa-

tion position and/or the operating temperature range have been specified. When installing high power dissi-
pation terminals ensure that an adequate spacing is maintained between other components above and be-
low the terminal in order to guarantee adequate ventilation!

Optimum installation position (standard)

The optimum installation position requires the mounting rail to be installed horizontally and the connection
surfaces of the EL/KL terminals to face forward (see Fig. “Recommended distances for standard installation
position”). The terminals are ventilated from below, which enables optimum cooling of the electronics through
convection. "From below" is relative to the acceleration of gravity.
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Fig. 33: Recommended distances for standard installation position

Compliance with the distances shown in Fig. “Recommended distances for standard installation position” is
recommended.

EL37x2 Version: 3.6 41



BECKHOFF

o>

)

ael gl eg ag| el ee
00| DOl ooy B8 OOy aa
—{ra|sa]se)sa]aa]aa ﬂ
oof oo mm| O0Of oo .
rie{ 8e| 88| a5[ag) ag) ~ 8 OIV
ool oo [ | |jmim]fals]
5 o| ool =gl ajos)  3I]]
25| B8 B8] £2{ B8] %8) ¢

w.ml
»*

O0|oD (e 00 (OO0 oo
o B2 (o8 |25 (28 (95 |eg
o |52 |68 85 |98 |85 |88

% [=l=g i 1) gg (28

B3 B2 [88 |88 |88

oD|joo (@@ aa (oo

oD |00 jmm oo [oo

EL37x2

Version: 3.6

All other installation positions are characterized by different spatial arrangement of the mounting rail - see

Fig “Other installation positions”.
The minimum distances to ambient specified above also apply to these installation positions.

Other installation positions

Mounting and wiring
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Fig. 34: Other installation positions
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5.6 Positioning of passive Terminals

Hint for positioning of passive terminals in the bus terminal block

o

1 EtherCAT Terminals (ELxxxx / ESxxxx), which do not take an active part in data transfer within the
bus terminal block are so called passive terminals. The passive terminals have no current consump-
tion out of the E-Bus.
To ensure an optimal data transfer, you must not directly string together more than 2 passive termi-
nals!

Examples for positioning of passive terminals (highlighted)
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Fig. 36: Incorrect positioning
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5.7 ATEX - Special conditions (extended temperature
range)

Observe the special conditions for the intended use of Beckhoff fieldbus components with
extended temperature range (ET) in potentially explosive areas (directive 94/9/EU)!

» The certified components are to be installed in a suitable housing that guarantees a protection class of at
least IP54 in accordance with EN 60529! The environmental conditions during use are thereby to be
taken into account!

If the temperatures during rated operation are higher than 70°C at the feed-in points of cables, lines or
pipes, or higher than 80°C at the wire branching points, then cables must be selected whose tempera-
ture data correspond to the actual measured temperature values!

* Observe the permissible ambient temperature range of -25 to 60°C for the use of Beckhoff fieldbus com-
ponents with extended temperature range (ET) in potentially explosive areas!

* Measures must be taken to protect against the rated operating voltage being exceeded by more than
40% due to short-term interference voltages!

The individual terminals may only be unplugged or removed from the Bus Terminal system if the supply
voltage has been switched off or if a non-explosive atmosphere is ensured!

» The connections of the certified components may only be connected or disconnected if the supply volt-
age has been switched off or if a non-explosive atmosphere is ensured!

The fuses of the KL92xx/EL92xx power feed terminals may only be exchanged if the supply voltage has
been switched off or if a non-explosive atmosphere is ensured!

» Address selectors and ID switches may only be adjusted if the supply voltage has been switched off or if
a non-explosive atmosphere is ensured!

Standards

The fundamental health and safety requirements are fulfilled by compliance with the following standards:
« EN 60079-0:2012+A11:2013
+ EN 60079-15:2010

Marking

The Beckhoff fieldbus components with extended temperature range (ET) certified for potentially explosive
areas bear the following marking:

@ 113G KEMA 10ATEX0075 X Ex nA lIC T4 Gc Ta: -25 ... 60°C

or

@ 113G KEMA 10ATEX0075 X Ex nC lIC T4 Gc Ta: -25 ... 60°C
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5.8 ATEX Documentation

® Notes about operation of the Beckhoff terminal systems in potentially explosive ar-
1 eas (ATEX)

Pay also attention to the continuative documentation
Notes about operation of the Beckhoff terminal systems in potentially explosive areas (ATEX)

that is available in the download area of the Beckhoff homepage http:\\www.beckhoff.com!

5.9 UL notice

Application
c US | Beckhoff EtherCAT modules are intended for use with Beckhoff's UL Listed EtherCAT Sys-
tem only.

Examination
M US | For cULus examination, the Beckhoff I/O System has only been investigated for risk of fire
and electrical shock (in accordance with UL508 and CSA C22.2 No. 142).

For devices with Ethernet connectors
[ US | Not for connection to telecommunication circuits.

Basic principles

Two UL certificates are met in the Beckhoff EtherCAT product range, depending upon the components:

1. UL certification according to UL508. Devices with this kind of certification are marked by this sign:

C US

2. UL certification according to UL508 with limited power consumption. The current consumed by the de-
vice is limited to a max. possible current consumption of 4 A. Devices with this kind of certification are
marked by this sign:

H US LISTED

Ind. Cont. Eq - 24TH
Use 4 Amp. fuse or
Class 2 power supply.
See instructions.

Almost all current EtherCAT products (as at 2010/05) are UL certified without restrictions.

Application

If terminals certified with restrictions are used, then the current consumption at 24 V. must be limited
accordingly by means of supply

» from an isolated source protected by a fuse of max. 4 A (according to UL248) or

» from a voltage supply complying with NEC class 2.
A voltage source complying with NEC class 2 may not be connected in series or parallel with another
NEC class 2compliant voltage supply!
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These requirements apply to the supply of all EtherCAT bus couplers, power adaptor terminals, Bus
Terminals and their power contacts.
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5.10 Configuration of 0/4..20 mA differential inputs

This section describes the 0/4..20 mA differential inputs for terminal series EL301x, EL302x, EL311x,
EL312x and terminals EL3174, EL3612, EL3742 and EL3751.

For the single-ended 20 mA inputs the terminal series EL304x, EL305x, EL314x, EL315x, EL317x, EL318x
and EL375x they only apply with regard to technical transferability and also for devices whose analogue
input channels have a common related ground potential (and therefore the channels are not to each other
and/or not to power supply electrically isolated). Herewith an example for an electrically isolated device is the
terminal EL3174-0002.

Technical background

The internal input electronics of the terminals referred to above have the following characteristic (see Fig.
[»_47] Internal connection diagram for 0/4..20 mA inputs):

« Differential current measurement, i.e. concrete potential reference is primarily not required.
The system limit applies is the individual terminal EL30xx/EL31xx.

» Current measurement via a 33 Q shunt per channel, resulting in a maximum voltage drop of 660 mV
via the shunt

« Internal resistor configuration with GND point (A) central to the shunt
The configuration of the resistors is symmetric, such that the potential of (A) is central relative to the
voltage drop via the shunt.

 All channels within the terminal have this GND,,, potential in common.

» the common GND,, potential (A)
o is connected for 1 and 2 channel terminals to a terminal point and not with GND.. (power contact).
o is connected for 4 channel terminals with GNDp¢

» The center point of the voltage drop over the 33 Q shunt is referred to common mode point (CMP).
According to the technical product data, the maximum permitted U,, voltage (common mode) refers to
the potential between the CMP of a channel and the internal GND or the potential between the CMP of
2 channels within a terminal.

It must not exceed the specified limit (typically #10 or 35 V).

Accordingly, for multi-channel measurements U.,specifications must be followed.

Fig. 37: Internal connection diagram 0/4...20 mA inputs

The block diagram for a 2 channel terminal shows the linked GND points within the terminal (Fig. [» 48]
Internal connection for 0/4..20 mA inputs of a EL3xx2):
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EL3xx1 :G“D i Uew
EL3xx2 GND
inl

Fig. 38: Internal connection diagram for 0/4..20 mA inputs of a EL3xx2

For all channels within the terminal Ugy.max Must not be exceeded.

® U, for0/4..20 mA inputs

1 If Uy of an analog input channel is exceeded, internal equalizing currents result in erroneous mea-
surements.
For 1 and 2 channel terminals the internal GND is therefore fed out to a terminal point, so that the
Uy specification can be met through application-specific configuration of this GND point, even in
cases of atypical sensor configuration.

Example 1

The 2-channel EL3012 is connected to 2 sensors, which are supplied with 5 and 24 V. Both current
measurements are executed as low-side measurements. This connection type is permitted, because at |,,,,,
CMP,, and CMP,, are approx. 330 mV above 0 V, which means that U, is always < 0.5 V. The
requirement of U, < 10 V (applicable to EL30xx) is therefore adhered to.

Input +

CMP=03Vo-———

—  —
Ucis, et oy U, che

EL3xx1 ~GND "
EL3xx2

—
1

i GHND

GNDrc |
EL3xx4 emmmeee

Fig. 39: Example 1: low-side measurement
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If the EL30x1/EL30x2 or EL31x1/EL31x2 terminals have no external GND,, connection, the GND,, potential
can adjust itself as required (referred to as "floating"). Please note that for this mode reduced measuring
accuracy is to be expected.

Example 1a

Accordingly, this also applies if the floating point GND,y; is connected to another potential.

_____ T — GHND i

CMP=-03V

BB mV A
max. |

0w

Fig. 40: Example 1a, high-side measurement

Example 2

The same EL3012 is now again connected with the two 20 mA sensors, although this time with one low-side
measurement at 5 V and one high-side measurement at 12 V. This results in significant potential differences
Ucn > 10 V (applicable to EL30xx) between the two channels, which is not permitted.

Input +

20
e EMP=11EV BE0 mV
ma.
CMP=113V%

It -

0w Ugt, enz

EL3xx] ~BNDw
EL3xx2 D H
: GND e
GNOge |

EL3xxd :‘_..-,..'

Fig. 41: Example 2, high-side/low-side measurement
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To rectify this, GND,, can in this case be connected externally with an auxiliary potential of 6 V relative to
"0 V". The resulting A/IGND,,, will be in the middle, i.e. approx. 0.3V or 11.6 V.

Example 3

In the EL3xx4 terminals GND, is internally connected with the negative power contact. The choice of
potential is therefore limited.

Input + Input +

_CMP =238V CMP =236 V_

660 m\/
Mmax.

Inpul - Ingeut -

" —
—  — ]
Ueas, ch Jl 20 md, IL Uc, crz .
~GND e EL3xxd
o —
—L 0V

Fig. 42: Invalid EL3xx4 configuration

The resulting CMP is 23.6 V, i.e. >> 10 V (applicable to EL30xx). The EL30x4/EL31x4 terminals should
therefore be configured such that CMP is always less than Ugy max-

Summary

This results in certain concrete specifications for external connection with 0/4..20 mA sensors:

» We recommended connecting GND,,, with a low-impedance potential, because this significantly
improves the measuring accuracy of the EL30xx/31xx.
Please note the instructions relating to the U, potential reference.

+ The Uy potential reference must be adhered to between CMP < GND,,, and CMP,, <> CMP ).
If this cannot be guaranteed, the single-channel version should be used.

» Terminal configuration:

o EL3xx1/EL3xx2: GND,, is connected to terminal point for external connection.
GND,, should be connected externally such that condition 2 is met.

o EL3xx4: GND is connected with the negative power contact.
The external connection should be such that condition 2 is met.
If the sensor cable is shielded, the shield should not be connected with the GND,,; terminal point but with a
dedicated low-impedance shield point.

« If terminal points of several EL30xx/EL31xx terminals are connected with each other, ensure that
condition 2 is met.

Connection of GND,,

°
1 In the EL30x1/EL30x2 and EL31x1/EL31x2 terminals the internal GND, GND,, connection is fed out
to terminal contacts.

To achieve a precise measurement result GND,,, should be connected to a suitable external low-im-
pedance potential, taking account the specifications for Ugy,.

In the EL30x4/EL31x4 terminals GND,, is already connected with the negative power contact. Here
too the specifications for U, must be followed.
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5.11 EL37x2 - LEDs and pin assignment

5111 EL37x2 - LEDs

LEDs (from hardware version 03)

— ]

Run-LED +— Fun-LED

— [EEE
!
.
I

Fig. 43: EL37x2 LEDs

LED |Color Meaning

RUN |green |These LEDs indicate the terminal's operating state:

off State of the EtherCAT State Machine [P 103]: INIT = initialization of the
terminal

flashing uniformly  |State of the EtherCAT State Machine: PREOP = function for mailbox
communication and different standard-settings set

flashing slowly State of the EtherCAT State Machine: SAFEOP = verification of the
Sync Manager [»_104] channels and the distributed clocks.
Outputs remain in safe state

on State of the EtherCAT State Machine: OP = normal operating state;
mailbox and process data communication is possible

flashing rapidly* State of the EtherCAT State Machine: BOOTSTRAP = function for
firmware updates [P 163] of the terminal

*only RUN 1 LED
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5.11.2 EL37x2 - Pin assignment

Run LED 1 W cniepe
m { :

L= i i
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e

+input 1 ge «—— Hnput 2 | <,
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==

JInput 1 66 - -Input 2 iy :
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" [0 o
-

88l—0 5o
Power contact0V _, [EVENERNE o
-
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X ! fulany M

Top view Contact assembly

Fig. 44: Pin assignment EL3702, EL3742

Run LED1

. « Run LED2
| = ]

| =
|—
e
=
+Iinput 1 6 6 « Hnput 2
o
BB
Anput 1 Anput 2
Power contact ____, 66 e
24V 0 G0
A
GND GND
Power contact OV _, 66 h
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-
Shield é «_ Shield
Ha747
BECKHOFF
o iy I
Top view

Contact assembly

Pin assignment and wiring

Terminal point Description

Name No.

+ Input 1 1 + Input 1

- Input 1 2 - Input 1

GND 3 Signal ground for input 1 (internally connected to terminal point 7)
Shield 4 Shield

+ Input 2 5 + Input 2

- Input 2 6 - Input 2

GND 7 Signal ground for input 2 (internally connected to terminal point 3)
Shield 8 Shield
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Electrical isolation of the inputs

Galvanic
isolation
I
Field side I Bus side

|
+ Input 1 O + :

| -
|
= Input 1 - I
|

I Bus
GBMD O : Logic | <=

I
|
+ Input 2 & + :

| —
- Input 2 Cr - :
|
24V O :
|
I
ov O |
|
LL——typ. 10 nF :

PE O_U'UT? @

DIN-Rail

Fig. 45: Electrical isolation of the inputs

Sample: EL3602 wiring

In figure 2, the circuit diagram with a variable voltage source (channel 2) should be regarded as equivalent to
the configuration of channel 1 with a sensor and measuring amplifier.

Uy

- ISl
T 1 &

i = i
1

1

1

1

1

Fig. 46: EL3702 - equivalent circuit diagram with variable voltage source
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Sample: EL3742 wiring

In figure 2, the circuit diagram with a variable current source (channel 2) should be regarded as equivalent to
the configuration of channel 1 with a sensor.

Sensor

Fig. 47: EL3742 - equivalent circuit diagram with variable current source

U
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6 Commissioning

6.1 TwinCAT Quick Start

TwinCAT is a development environment for real-time control including multi-PLC system, NC axis control,
programming and operation. The whole system is mapped through this environment and enables access to a
programming environment (including compilation) for the controller. Individual digital or analog inputs or
outputs can also be read or written directly, in order to verify their functionality, for example.

For further information please refer to http://infosys.beckhoff.com:

+ EtherCAT Systemmanual:
Fieldbus Components — EtherCAT Terminals — EtherCAT System Documentation — Setup in the
TwinCAT System Manager

* TwinCAT 2 — TwinCAT System Manager — 1/O - Configuration

* In particular, TwinCAT driver installation:
Fieldbus components — Fieldbus Cards and Switches — FC900x — PCI Cards for Ethernet —
Installation

Devices contain the terminals for the actual configuration. All configuration data can be entered directly via
editor functions (offline) or via the "Scan" function (online):

« "offline™: The configuration can be customized by adding and positioning individual components.
These can be selected from a directory and configured.

o The procedure for offline mode can be found under http://infosys.beckhoff.com:
TwinCAT 2 — TwinCAT System Manager — 10 - Configuration — Adding an 1/O Device

» "online": The existing hardware configuration is read

o See also http://infosys.beckhoff.com:
Fieldbus components — Fieldbus cards and switches — FC900x — PCI Cards for Ethernet —
Installation — Searching for devices

The following relationship is envisaged from user PC to the individual control elements:
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===| [I/O - Configuration

I/O - Devices (...)

Terminal
(Coupler or PLC)

E—
r I/O
| ! Terminal 1
_"‘I (EL..., EP..., )
r electro-
| ! Terminal 2 mechanical
1 (EL..., EP..., ) installation
L (Actors/
I I Sensors)
I 1
F========= 1
! Terminal "n" '
T (EL.EP.,) !
e o o o o o o o e o

Fig. 48: Relationship between user side (commissioning) and installation

The user inserting of certain components (I/O device, terminal, box...) is the same in TwinCAT 2 and
TwinCAT 3. The descriptions below relate to the online procedure.

Sample configuration (actual configuration)

Based on the following sample configuration, the subsequent subsections describe the procedure for
TwinCAT 2 and TwinCAT 3:

Control system (PLC) €X2040 including CX2100-0004 power supply unit

Connected to the CX2040 on the right (E-bus):
EL1004 (4-channel analog input terminal -10...+10 V)

Linked via the X001 port (RJ-45): EK1100 EtherCAT Coupler

Connected to the EK1100 EtherCAT coupler on the right (E-bus):
EL2008 (8-channel digital output terminal 24 V DC; 0.5 A)

(Optional via X000: a link to an external PC for the user interface)
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EtherCAT- Link

EtherCAT- Link

Fig. 49: Control configuration with Embedded PC, input (EL1004) and output (EL2008)

(X2100 ?__E ; .-
- 1EE
Oz 9'n:
== | me.

enter 66 \_ aa
HE oo

== | -

Q= 66 s I 06
g | | I . | W
59 HFI g .!,!I
n . a6 " i 1.
5 W =] vw
e == S 44
i (8855 2:66 00

Note that all combinations of a configuration are possible; for example, the EL1004 terminal could also be
connected after the coupler, or the EL2008 terminal could additionally be connected to the CX2040 on the
right, in which case the EK1100 coupler wouldn’t be necessary.

6.1.1 TwinCAT 2

Startup

TwinCAT basically uses two user interfaces: the TwinCAT System Manager for communication with the

electromechanical components and TwinCAT PLC Control for the development and compilation of a
controller. The starting point is the TwinCAT System Manager.

After successful installation of the TwinCAT system on the PC to be used for development, the TwinCAT 2
System Manager displays the following user interface after startup:

! Unbenannt - TwinCAT Systern Manager EI@
File Edit Actions Wiew Options Help
DEwd| | B | Blaav A EE - ® % 2 QREL A€ R
- B SYSTEM - Configuration —|—|
] Gi I i
..§8 NC - Configuration enerl | Boot Settings
-5 PLC - Configuration
E|- /O - Configuration o TwinCAT System Manager
-8 /0 Devices Z v2.11 (Buid 2273)
.48 Mappings
TwinCAT Evaluation
v2.11 [Build 2256]
Copyright BECKHOFF © 1996-2011
http -/ wwnwr beckhoff .com
Registration:
Name:
Company:
Req . -Key: TV
Ready Lokal [123.45.67.89.1.1) LSl EONLE

Fig. 50: Initial TWinCAT 2 user interface
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Generally, TwinCAT can be used in local or remote mode. Once the TwinCAT system including the user
interface (standard) is installed on the respective PLC, TwinCAT can be used in local mode and thereby the

next step is "Insert Device [P _59]".

If the intention is to address the TwinCAT runtime environment installed on a PLC as development
environment remotely from another system, the target system must be made known first. In the menu under

=
"Actions" — "Choose Target System...", via the symbol " “=* " or the "F8" key, open the following window:

Choose Target System 3

m-Bl ~Local- [123.45.67.89.1.1) oK,

Search [Ethernet)...

Search [Fieldbug)...

[7] Set as Default

Alk

Connection Timeout [z]: 5

Fig. 51: Selection of the target system

Use "Search (Ethernet)..." to enter the target system. Thus a next dialog opens to either:
 enter the known computer name after "Enter Host Name / IP:" (as shown in red)
« perform a "Broadcast Search" (if the exact computer name is not known)
» enter the known computer IP or AmsNetID.

Add Route Dialog 23
Enter Hozt Mame / IP: ’ Refrezh Status ] [ Broadcast Search ]
HEs ame Corrected . Addre EMS Wetld TwinCAT 05 Yersion Cormrment

Enter destination computer name
& activate "Enter Host Name / IP"

Foute Mame [Target]: Foute Mame [Femate]: -PC
Amshetid: Target Route Femaote R oute
Tranzport Type: [TCF‘.-’IF' - ':' Project ': Nore
(@ Static (@) Static
Address Info: () Temparary () Temparary
@ Host Wame () IP Address

Connection Timeout [5]: 5 =

Fig. 52: Specify the PLC for access by the TwinCAT System Manager: selection of the target system

Once the target system has been entered, it is available for selection as follows (a password may have to be
entered):

58 Version: 3.6 EL37x2



BEGKH“FF Commissioning

=B ~Local- [147.9912.34.1.1)
-4 remotePLC [123.4567.89.1.1)

After confirmation with "OK" the target system can be accessed via the System Manager.

Adding devices

In the configuration tree of the TwinCAT 2 System Manager user interface on the left, select "I/O Devices”
and then right-click to open a context menu and select "Scan Devices...", or start the action in the menu bar

via ~ . The TwinCAT System Manager may first have to be set to "Config mode" via ﬂ' or via menu
“Actions" — "Set/Reset TwinCAT to Config Mode..." (Shift + F4).

g SYSTEM - Cenfiguration
.18 NC - Configuration
! PLC - Cenfiguratior

B! /O - Configuration| (§* Import Device...

810 0cvce
S [T i scen Devices.. |
N
Ctrl+V
BB Paste with Links Alt+Ctrl+V

s Append Device..,

Fig. 53: Select "Scan Devices..."

Confirm the warning message, which follows, and select "EtherCAT" in the dialog:

4 new /0 dewices found
Device 1 [EtherCAT) _ _
g:::z: g EE?BB;EAT] [Local Area Connection [TwinCAT -Intel PCI Ethernet 4]
[] Device 4 (NOW/DP-RAM)

Fig. 54: Automatic detection of I/0 devices: selection the devices to be integrated

Confirm the message "Find new boxes", in order to determine the terminals connected to the devices. "Free
Run" enables manipulation of input and output values in "Config mode" and should also be acknowledged.

Based on the sample configuration [P_56] described at the beginning of this section, the result is as follows:
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- /0 - Configuration
B8 /0 Devices
£ Device 1 (EtherCAT)
.=$a Device1-Image
.= Device 1-Image-Info
- & Inputs
- §l Outputs
w-§ InfoData
E|lj Term 1 (EK1200)
o # Term 2 (EL1004)
i Term 3 (ELOOL1)
== Device 3 (EtherCAT)
-I- Device 3-Image
.=}= Device 3-Image-Info
0§ Inputs
- §L Outputs
w-§ InfoData
B [§ Term 4 (EK1100)
& InfoData
Termn 5 (EL2008)
™ Term 3 (ELO011)

Fig. 55: Mapping of the configuration in the TwinCAT 2 System Manager

The whole process consists of two stages, which may be performed separately (first determine the devices,
then determine the connected elements such as boxes, terminals, etc.). A scan can also be initiated by
selecting "Device ..." from the context menu, which then reads the elements present in the configuration

below:

EI' /0 - Configuration
=B /0 Devices

b= Device 1 (EtherCAT) = Append Box..

i [ Device 3 (EtherCAT)

. &8 Mappings ¥ Delete Device

(&) Online Reset
23 Online Reload (Cenfig Mode only)
Online Delete (Config Mode only)

‘B Export Device...

&* Import Box...

i\ sconBoes.
& Cut > Ctrl+X
Copy Ctrl+C
ﬁ Paste Ctrl+V
B2 Paste with Links Alt+Ctrl+V

Jd" Changeld...

X Disabled

Change To

Change MNetld...

Fig. 56: Reading of individual terminals connected to a device

This functionality is useful if the actual configuration is modified at short notice.

Programming and integrating the PLC

TwinCAT PLC Control is the development environment for the creation of the controller in different program
environments: TwinCAT PLC Control supports all languages described in IEC 61131-3. There are two text-

based languages and three graphical languages.
+ Text-based languages
o Instruction List (IL)
o Structured Text (ST)
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* Graphical languages
o Function Block Diagram (FBD)
o Ladder Diagram (LD)
o The Continuous Function Chart Editor (CFC)
o Sequential Function Chart (SFC)

The following section refers to Structured Text (ST).
After starting TwinCAT PLC Control, the following user interface is shown for an initial project:

B8 TwinCAT PLC Control - (Untitled)* - [MAIN (PRG-5T)] =N =R )

!File Edit Project Insert Extras Online Window Help - & %

BlzE| Do » R

=
=
=

PROGRAM MAIN
VAR
END_WaR|

() 5

=
[
e
[ [ ]
==
[FE3[ ]

=
=
=
ey

=
=
=
o

=
=
=
[=3]

=
=
=
~

=
=
=
[==]

=
=
=
[¥=]

=
=
=

=
=
=

=
(=1
=
ra

=
=
=
%]

=
=
=
e

=
=
=
o

]

Loading library 'CATwin CAT\FLCALIEVS TANDARD.LIE!

T FOU sl "= Data typesl Visualizationsl % Hesources] 4

1 | 3

[ [Target Local (123.45.67.89.1.1), Run Time: 1 | MReanehaleee |Lin: 3, Col.: 8 [ONLIME [0 [READ

Fig. 57: TwinCAT PLC Control after startup

Sample variables and a sample program have been created and stored under the name "PLC_example.pro™:
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! TwinCAT PLC Control - PLC_example.pro - [MAIN (PRG-5T]]
! File Edit Project Insert Extras Online Window Help

(= [E]=]

- [ & =

2=]a| B|@]edBlS(SA5 * [5|E| 7|

0001|PROGRAM MAIN

| Q002+ AR

| 0003 nSwitch Cirl BOOL .= TRLIE;

| 0004 nRotatelpper WIORD =1648000;
| DOos| nFiotateLower WORD =16#01;
|O00BEND_WAR

| Q007 AR_INPUT

| Q008| hEL1004_Ch4 AT BOOL:
|O00SEND _WAR

Q010 AR_OUTPUT

0ot nELZ008 walue  AT20* @ BYTE:

01 2EMD_WAR

<[l

0007 * Pragram exarple *
0002|IF bELT1004_Chd4 THEM

IF nSwitchCirl THEN
Ol T

1 [ »

Implementation of PO AN

Implementation of task 'Standard'

Warning 1990: No "AR_CONFIG! for 'MAIN.LEL1004_Ch4'
Warning 1390: Mo “AR_CONFIG! for 'WMAIN.nELZ005_wvalue'
FOU indices:b1 (2%)

Size of used data: 45 of 1048576 bytes (0.00%)

Size of used retain data: 0 of 32768 bytes (0.00%:)

[om]

1

L 0 Erroris). 'Warning(s).
PDUSI.[: Data...IVisu...IEHes...l 4 T |

»

[ [Target: Local (123.45.67.89.1.1), Run Time: 1 (Y ORRAPES Lin: 13, Cal: 7

[ONLINE [Dv [READ

Fig. 58: Sample program with variables after a compile process (without variable integration)

Warning 1990 (missing "VAR_CONFIG") after a

compile process indicates that the variables defined as

external (with the ID "AT%I*" or "AT%Q*") have not been assigned. After successful compilation, TwinCAT

PLC Control creates a "*.tpy" file in the directory

in which the project was stored. This file (*.tpy) contains

variable assignments and is not known to the System Manager, hence the warning. Once the System
Manager has been notified, the warning no longer appears.

First, integrate the TwinCAT PLC Control project in the System Manager via the context menu of the PLC
configuration; right-click and select "Append PLC Project...":

*

! Unbenannt.tsm - TwinCAT System Manager - remote-PLC' EI@
File Edit Actions View Options Help
DE@H|& [ " BR(M3 B eavddas 6% =2Q@E%e
Bl SYSTEM - Configuration —|—|
W et i
! MNC - Configuration rsion (Target) | Pl Setings (Targe!)
i |PLC - Configuration
E|- /@ - Configuratio M Append PLC Project... . TwinCAT System Manager
- 0 Devi g ]
Bl VO Devices paste CorteV v2.11 (Buid 2273)
== Devicel (Et o
== Device 3 (Bt B8 Paste with Links Alt+ Ctrl+V TwinCAT PLC Server
58 Mappings v2.11 [Build 2108)
Copyright BECKHOFF © 1396-2011
hittp:/ A beckhoff.com
4 1 | »

Ready

remate-PLC [123

Fig. 59: Appending the TwinCAT PLC Control project
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Select the PLC configuration "PLC_example.tpy" in the browser window that opens. The project including the
two variables identified with "AT" are then integrated in the configuration tree of the System Manager:

=-58 PLC - Configuration
=-1E& PLC_example
=$= PLC_sxample-Image
Standard

2§l Inputs

-G MAIN.BEL1004_Ché
- $l Outputs

Ql MAIMN.nEL2008_value

- /0 - Configuration
)-8 /0 Devices
= Devicel (EtherCAT)
[#]-=== Device 3 (EtherCAT)
&8 Mappings

Fig. 60: PLC project integrated in the PLC configuration of the System Manager

The two variables "bEL1004 _Ch4" and "nEL2008 value" can now be assigned to certain process objects of
the 1/0O configuration.

Assigning variables

Open a window for selecting a suitable process object (PDO) via the context menu of a variable of the
integrated project "PLC_example" and via "Modify Link..." "Standard":

" B

! Unbenannt.tsm - TwinCAT System Manager - remote-PLC' EI

File Edit Actions View Options Help

D@ (S BE R (dd = ey &

- B SYSTEM - Configuration
..JBR NC - Configuration

[—j! PLC - Cenfiguration ﬂ Name: MAINBEL1004_Ch4

%€ PLC_example —
Clear Link(s .
== PLC_example-Image @<, Clear -|n ) _ Type: BOOL
: Standard Goto Link Variable
=L Standar ) : Group: Inputs Size: 01
&1 Inputs Take Name Over From Linked Variable

L8 ® (%2 QPN €D T

Variable | Flags | Online b

»

i : 0.0 : 0
H IQT f Insert Variable... Address: User ID:
= ‘l Outputs x Delete... Linked to...
i ) MAIN.NEL2008 _valu
=i /O - Configuration Move Address... Comment: Wariable of IEC1131 project "PLC_example”. Updated with Tas!
: B 1/0 Devices E
5% Devicel (EtherCAT) 3 Online Write..,
-7 Device 3 (EtherCAT) +3 Online Force...
55 Mappings 4 Release Force

(. Add To Watch
P Remove From Watch

ADS Info: Port: 801, 1Gmp: &eFO21, 10ffs: (e, Len: 1

< 1 | 3

remote-PLEC [

Fig. 61: Creating the links between PLC variables and process objects

In the window that opens, the process object for the variable “OEL1004_Ch4” of type BOOL can be selected
from the PLC configuration tree:
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Attach Variable MAIN.bEL1004_Chd (Input)

10 - Configuration
-85 140 Devices
524 Device 1 [EtherCAT)
B ¥ Tem 2 [EL1004)
o R 26.0,BIT [01]
= [ 261, BIT [D7]
1= 26.2, BIT [0.1]

Show Variables

@ Unuzed

) Used and urused

[T Exchude disabled
Exchude other Devices
Exchide same Image
Show Toaltips

SR

&l wcState >

[Input.Channe|4.Term2(E|_1004) Devicel (EtherCAT) . /O Dewces]

gl lnputT ogale »
4% Device 3 [EtherCAT)
£ Tem & [EL2008)
LGl woState > X 152200BIT [01]

I TMatching T Ype
atching Size

[T] &1 Types
Array Mode

Offzets

[] Continuous

[ Show Dialog

Wariable Name

Hand over
Take cwer

Cancel ] [ [l 8 ]

Fig. 62: Selecting PDO of type BOOL

According to the default setting, certain PDO objects are now available for selection. In this sample the input
of channel 4 of the EL1004 terminal is selected for linking. In contrast, the checkbox "All types" must be

ticked for creating the link for the output variables, in order to allocate a set of eight separate output bits to a
byte variable. The following diagram shows the whole process:

- 58 PLC - Configuration
B EE PLC_example
H -I- PLC_sxample-Image
£-[B1 Standard
- &1 Inputs
iyl MAIN.BEL1004_Ché
= ‘l Outputs
ti MATN.nEL2008 value [BY]
E| ! ro- Cunflguratmn
I/O Devices
= Devicel (EtherCAT)
| 5 Device 3 (EtherCAT)

Clear Link(s) !

Goto Link Variable
Take Name Over From Linked Variable

&8 Mappings % Insert Variable...

P Delete...

Move Address...

+3 Online Write...
+3 Online Force...
4 Release Force

(3, Add To Watch
¥ Remove From Watch

Attach Variable MAIM.nEL2008_value (Qutput)

=88 140 - Configuration

=48 1/0 Devices
4 Device 1 [EtherCAT]
@) FimOCHl > 0B 1520.0.UINT16[2.0)
%) Fmlhwelll > QB 15220, UIMT1E[20]
%) DevCtl > 0GB 1534.0,UINTIG[2.0]
#4 Device 3 [EtheiCAT)
B = TslmS[ELZUUS]

Shaw Variables

@ Unused

() Used and unused

[] Exclude disabled
Exclude other Devices
Exclude same Image
[H] Show Tooltips

Show Yanable Types
Matching Type

All Types I

Array Mode

o9l FlmUElrI > OB 152 .
-9l FmbwicCl > 0B 15220, UINT1E[20]
ol DevChl > OB 1534.0,UINTIG[2.0]

LHNT‘IE[Z 0]

Continuous I
Shaw Dialog

Yariable Name

Hand oover
Take over
Cancel i Ok

Fig. 63: Selecting several PDOs simultaneously: activate "Continuous" and "All types"

rm 5 (EL2008) . Device 3 (EtherCAT) . /O Devices l

Note that the "Continuous" checkbox was also activated. This is designed to allocate the bits contained in the
byte of the variable "nEL2008_value" sequentially to all eight selected output bits of the EL2008 terminal. In
this way it is possible to subsequently address all eight outputs of the terminal in the program with a byte

corresponding to bit O for channel 1 to bit 7 for channel 8 of the PLC. A special symbol ( &l

) at the yellow or

red object of the variable indicates that a link exists. The links can also be checked by selecting a "Goto Link
Variable” from the context menu of a variable. The object opposite, in this case the PDO, is automatically

selected:
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=58 PLC - Configuration
1€ PLC_example
.=t PLC_sxample-Image
5[ Standard
-8l Inputs

@T MAIM.BEL1004_Chd & Change Link...

2§l Outputs 2% Clear Linkis)

Goto Link Variable

- 0 - Confi ti
. l v entiguration Take Name Ower From Linked Yariable

Insert Variable...

Delete...
Move Address...

Online Write...
Online Force...

Release Force

3, Add To Watch

Remove From Watch

Fig. 64: Application of a "Goto Link" variable, using "MAIN.bEL1004_Ch4" as a sample

The process of assigning variables to the PDO is completed via the menu selection "Actions" — "Generate

Mappings”, key Ctrl+M or by clicking on the symbol in the menu.

This can be visualized in the configuration:

Elﬁ Mappings
i"ﬁ PLC_example (Standard) - Device 1 (EtherCAT)
t..@m PLC_example (Standard) - Device 3 (EtherCAT)

The process of creating links can also take place in the opposite direction, i.e. starting with individual PDOs
to variable. However, in this example it would then not be possible to select all output bits for the EL2008,
since the terminal only makes individual digital outputs available. If a terminal has a byte, word, integer or
similar PDO, it is possible to allocate this a set of bit-standardised variables (type "BOOL"). Here, too, a
"Goto Link Variable” from the context menu of a PDO can be executed in the other direction, so that the
respective PLC instance can then be selected.

Activation of the configuration

The allocation of PDO to PLC variables has now established the connection from the controller to the inputs
and outputs of the terminals. The configuration can now be activated. First, the configuration can be verified

via ""'( (or via "Actions" — "Check Configuration”). If no error is present, the configuration can be

activated via ﬁ (or via "Actions" — "Activate Configuration...") to transfer the System Manager settings
to the runtime system. Confirm the messages "Old configurations are overwritten!" and "Restart TwinCAT
system in Run mode" with "OK".

A few seconds later the real-time status BIUEEN is displayed at the bottom right in the System Manager.
The PLC system can then be started as described below.

Starting the controller

Starting from a remote system, the PLC control has to be linked with the Embedded PC over Ethernet via
"Online" — “Choose Run-Time System...":

EL37x2 Version: 3.6 65



Commissioning

BECKHOFF

o1

Login
Logout

Download
Run

Stop
Reset

Reset All

Teoggle Breakpoint
Breakpoint Dialog
Step over

Step in

Single Cycle
Write Values

Force Values
Release Force

Write/Force-Dialog

Show Call Stack...

Display Flow Contrel

Simulation Mode

Communication Parameters...

=

laal Ll
Ca-a- 0y e

Ctrl+Shift+F7

F11
F12

F5
Shift+F8

F9

F10
F&
Ctrl+F5

Ctrl+F7
F7
Shift+F7

Ctrl+F11

Cheose Run-Time System...

/

IEdle DOUTETO]ECT

Create Bootproject (offling)

Delete Bootproject

Fig. 65: Choose target system (remote)

Choose Run-Tirme Systerm

%4
=4

54 ~Loca [1493517.9911]

<Defaulty  [255.255 255.255.255.255)
remote-PLC [123.45.67.83.1.7)

L EE | aufzeitsystern 1 (Part Sﬂtg

ok

Cancel

Wersion |nfo...

Pl

In this sample "Runtime system 1 (port 801)" is selected and confirmed. Link the PLC with the real-time

system via menu option "Online" — "Login", the F11 key or by clicking on the symbol g . The control
program can then be loaded for execution. This results in the message "No program on the controller!
Should the new program be loaded?", which should be acknowledged with "Yes". The runtime environment
is ready for the program start:
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B8 TwinCAT PLC Control - PLC_eample.pro” - [MAIN (PRG-ST)] o fiE ==

!File Edit Project Insert Extras Online Window Help - || & %

BlE| 8| 5G] ES SR * (55w

non1 nSwitchCirl = J [ -
S POUs l0002] " nRotateUpper = 1640060 L
o [0003)  nRotsteLower = 16#0100
(0004  bEL1004_Chd (%41<0.0) = [FEIIE
(0005  nEL2008_value (%0B0) = 16480
| 000
| 0007
10008
| 0003
10010
10011]
10012
10013
10014 -
0001 Frograrm examplb *|
IF kEL1004_Chd THEM hEL1004_Ch4 - [FNIES
IF nSwitchCirl THEN nSwitchCtrl =
nSwitchCtrl = FALSE; nSwitchCtrl =
nRotateLower = ROL(nRotateLower, 2); nRaotatelLower = 16#0100
nFotatelpper = ROR(MhRotateUpper, 2); nFotatelpper = 1680080
nEL2008_value =WORD_TO_BYTE(nFotate| nELZ008_ value = 16450 nRotateLower = 1640100
000§ EMND_IF
[0Oms|EL=E
IF MOT nSwitchCtl THEN nSwitchCirl =
nSwitchCtrl = TRUE; nSwitchCtrl =
EMND_IF
EMD_IF

- F'DLISI.T: Data IVisu I% Res I =
4 2
[ argetremote-PLE | 1.11,Aun Time: 1 NEERNRRE] [ONOINE: S [IEIRN [BF [FORCE [0V [READ

-~

Fig. 66: PLC Control logged in, ready for program startup

The PLC can now be started via "Online" — "Run", F5 key or .

6.1.2 TwinCAT 3

Startup

TwinCAT makes the development environment areas available together with Microsoft Visual Studio: after
startup, the project folder explorer appears on the left in the general window area (cf. "TwinCAT System
Manager" of TwinCAT 2) for communication with the electromechanical components.

After successful installation of the TwinCAT system on the PC to be used for development, TwinCAT 3
(shell) displays the following user interface after startup:
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&0 Start Page - Microsoft Visual Studio (Administrator)
File Edit View Debug TwinCAT TwinSAFE PLC Tools Scope Window Help

e At R - BEREERFC I S GRS R e N 2
iE G in BB 2G| @ | <

Solution Explorer Meadl Start Page <

Windows

g .
OO Visual Studio 2010 shel
Get Started
@ MNew Project...
o Welcome
@ Open Project...
Recent Projects -
Example_Praject
-
=
= =
Close page after project load Bow
Show page on startup

Guidance and Resources

Latest News

Web  Cloud Office  SharePoint

Creating Applications with Visual Studio

Extending Visual Studio

Community and Learning Resources

Data

Fig. 67: Initial TwinCAT 3 user interface

. . . Mew TwinCAT Project...
First create a new project via ‘j !

following dialog make the corresponding entries as required (as shown in the diagram):

r

Mew Project

Recent Templates [ MET Framework 4

"]Sortl:vy: [Default

(or under "File"—“New"— "Project..."). In the

<

-2 |l

-]

Installed Templates
a TwinCAT XAE Project (XML format)
Other Project Types

TwinCAT Meazurement
TwinCAT Projects

Online Termnplates

| Search Installed Tem| 2 |

Type: TwinCAT Projects

TwinCAT XAE Systern Manager
Configuration

A Browse...

MName: Exarnple_Project
Location: Cihrny_tc3_projectst
Solution: [Create new solution - l

Solution name: Example_Project

Create directory for solution
[ Add te Source Control

o

Fig. 68: Create new TwinCAT project

The new project is then available in the project folder explorer:

68 Version: 3.6

EL37x2




BEGKHUFF Commissioning

; Solution 'Example_Project’ (1 project)
F] “a Example_Project
a | sYSTEM
[ License
@ Real-Time
& Tasks
=f= Routes
[E] TcCOM Objects
MOTION
PLC
SAFETY
Q C++
4 o
L Devices

&’ Mappings

Fig. 69: New TwinCAT3 project in the project folder explorer

Generally, TwinCAT can be used in local or remote mode. Once the TwinCAT system including the user
interface (standard) is installed on the respective PLC, TwinCAT can be used in local mode and thereby the

next step is "Insert Device [»_70]".

If the intention is to address the TwinCAT runtime environment installed on a PLC as development
environment remotely from another system, the target system must be made known first. Via the symbol in

the menu bar:

e Example_Project - Microsoft Visual Studio (Administrator)
File Edit View Project Build Debug TwinCAT TwinSAFE PLC Tools Scope Window Help

P e S A @ 4 a9 - - DL b [Release +| | TwinCAT RT (64) |
| & .H;ii:l‘"ﬂ_|n_#."“.'\@|@'f_|<Lm:a|::- -;§| ...|

Selution Explorer Choose Target Systern

expand the pull-down menu:

<Local> -
<Local=
Choose Target System... %

and open the following window:

Choose Target System

=B <Local> (1234567.891.1) o,

Search [Ethernet]...

Search [Fieldbug)...

] 5et &z Default

Ak

Connection Timeout [2]: 5

Fig. 70: Selection dialog: Choose the target system
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Use "Search (Ethernet)..." to enter the target system. Thus a next dialog opens to either:
+ enter the known computer name after "Enter Host Name / IP:" (as shown in red)
+ perform a "Broadcast Search"” (if the exact computer name is not known)
» enter the known computer IP or AmsNetID.

Add Route Dialog 23
[ Enter Hozt Mame / IP: [ Fefresh Status l [ Broadcast Search ]
THoENEmE Conrecteg Aaddness . A S MNetld TwinCAT 05 Version Comment

Enter destination computer name
& activate "Enter Host Name / IP"

Route Mame [T arget]: Route Mame [Remote]: bdr-PC
AmzNetd: Target Route Femate Route
Tranzport Type: ’TCF‘!IF’ - 'j' Fioject 'j } Nona
(@) Static (@) Static
Address |nfo: ) Temparary () Temparary
@ Host Mame () IP Address
Connection Timeout [z]: 5 2

Fig. 71: Specify the PLC for access by the TwinCAT System Manager: selection of the target system
Once the target system has been entered, it is available for selection as follows (a password may have to be
entered):

=B —Local-- [147.33123411)
“-E remote-PLC [123.45E7.83.1.1)

After confirmation with "OK" the target system can be accessed via the Visual Studio shell.

Adding devices

In the project folder explorer of the Visual Studio shell user interface on the left, select "Devices" within

element “I/O”, then right-click to open a context menu and select "Scan" or start the action via N in the

menu bar. The TwinCAT System Manager may first have to be set to "Config mode" via 2 or via the
menu "TwinCAT" — "Restart TwinCAT (Config mode)".

E C+s+
p Vo
% Devices| o agd New ltem.. Ctrl+Shift+ A
ﬁ:l Mappin
il Add Existing ltem... Shift+Alt+A
Export EAP Config File
¥ Scan %
4 Paste Ctrl+V
Paste with Links

Fig. 72: Select "Scan"

Confirm the warning message, which follows, and select "EtherCAT" in the dialog:
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4 new [0 dewvices found

Device 1 [EtherCAT)

Device 3 [EtherCAT]  [Local Area Connection [TwinCAT -Intel PCI Ethernet A)
] Device 2 [USE] Cancel
] Device 4 [NOW/DP-Rak)

£

Select Al

Unselect &l

LE kg

Fig. 73: Automatic detection of 1/0 devices: selection the devices to be integrated

Confirm the message "Find new boxes", in order to determine the terminals connected to the devices. "Free
Run" enables manipulation of input and output values in "Config mode" and should also be acknowledged.

Based on the sample configuration [P_56] described at the beginning of this section, the result is as follows:

4 Fro
4 "% Devices
a4 = Devicel (EtherCAT)
=8 Image
j: Image-Info
2 SyncUnits

>
s Inputs
> [ Outputs
» [ InfoData
4 U Term 1 (EK1200)
> Term 2 (EL1004)
B Term 3 (EL9011)
a4 == Device 3 (EtherCAT)
jg Image
j: Image-Info
> 2 SyncUnits
o Inputs
> [l Outputs
> [ InfoData
4 |_j Term 4 (EK1100)
- [ InfoData
> ™ Term 5 (EL2008)
¥ Term 3 (EL9011)
a’; Mappings

Fig. 74: Mapping of the configuration in VS shell of the TwinCAT3 environment

The whole process consists of two stages, which may be performed separately (first determine the devices,
then determine the connected elements such as boxes, terminals, etc.). A scan can also be initiated by
selecting "Device ..." from the context menu, which then reads the elements present in the configuration
below:
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s FVo
4 " Devices
> | Devicel (EtherCAT) =1 449 New Ttem... Cirl+Shift+ A
== Device 2 (EtherCA
- vice 2 D B Add Bisting ltem... Shift+ Alt-A
w1 Mappings
X Remove Del
Change Metld...

Save Devicel (EtherCAT) As...

Append EtherCAT Cmd

Append Dynamic Container

Online Reset

Online Reload

Online Delete
% Scan

ChangeId... %
Change To 3
Copy Ctrl+C
Cut Ctrl+X
4y Paste Ctrl+V

Paste with Links

B oy

[l Independent Project File

= Disable

Fig. 75: Reading of individual terminals connected to a device

This functionality is useful if the actual configuration is modified at short notice.

Programming the PLC

TwinCAT PLC Control is the development environment for the creation of the controller in different program
environments: TwinCAT PLC Control supports all languages described in IEC 61131-3. There are two text-
based languages and three graphical languages.

+ Text-based languages
o Instruction List (IL)
o Structured Text (ST)
« Graphical languages
o Function Block Diagram (FBD)
o Ladder Diagram (LD)
o The Continuous Function Chart Editor (CFC)
o Sequential Function Chart (SFC)

The following section refers to Structured Text (ST).

In order to create a programming environment, a PLC subproject is added to the project sample via the
context menu of "PLC" in the project folder explorer by selecting "Add New Item....":
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Solution Explorer * 0 X
; Solution 'Example_Project’ (1 project)
4 Iila Example_Project
a [ SYSTEM
¥ License
i) Real-Time
B Tasks
stz Routes
[B8] TcCOM Objects
MOTION [ T T
] Right-click an "PLC" to ]
Z:(,-EET\-"* inserta PLC Fro;'ect * E:CI_EI |-_:-J Add Mew Item... Ctrl+Shift+ 4
Q Cos m Cos (] Add Existing Item... Shift+Alt+4
a o vo | [ Paste Ctrl+V
:?g Devices :% [ Paste with Links
* Mappings N
ma VaPPIng u- Hide PLC Configuration

Fig. 76: Adding the programming environment in "PLC"

In the dialog that opens select "Standard PLC project" and enter "PLC_example" as project name, for
example, and select a corresponding directory:

Add Mew Itermn - Example_Project @

Installed Templates Sort by: [Default | Search Installed Termplates Fe |

Plc Templates

: Type: Plc Templat

i E!I Standard PLC Project Plc Templates yper Flc lemplates

Online Ternplates Creates a new TwinCAT PLC project
containing a task and a program.
E!ll Empty PLC Project Plc Templates

MName: PLC_example
Location: Chmy_tc3_projects\Example_Project\Example_Project’ -

Fig. 77: Specifying the name and directory for the PLC programming environment

The "Main" program, which already exists by selecting "Standard PLC project", can be opened by double-
clicking on "PLC_example_project” in "POUs”. The following user interface is shown for an initial project:

EL37x2 Version: 3.6 73



Commissioning BEGKHUFF

o2 Example_Project - Microseft Visual Studic (Administrataor) El@
File Edit View Project Build Debug TwinCAT TwinSAFE PLC Tools Scope Window Help
P S @ & 2B D - - E-E | B [Release ~| | TwinCAT RT (64) -| | [# | s6R -] 2
BB L-ix B|B2 G| @ |[remote-Pic -| 2 i [PLC_example 12 r = g|= 2= |2
Solution Explorer
1| PROGRAM MAIN
; Solution 'Example_Project’ (1 project) : VAR
4 “z Example_Project ? END_VAR
> @l svsTEM h
MOTION
4 PLC
a PLC_exampIe
a4 =] PLC_example Project
> [ External Types
2 [+g) References
3 DUTs p—
£3 GVLs el
4 | POUs
1] MAIN (PRG)
3 VIsUs

!_'g PLC_exampletmc
4 E';j PlcTask (PlcTask)
£l MAIN
@ PLC _example Instance

SAFETY
E C++
» Ervo

Fig. 78: Initial "Main" program of the standard PLC project

To continue, sample variables and a sample program have now been created:
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©@ Example_Project - Microsoft Visual Studic (Administrator)
File

Edit View Project Build Debug TwinCAT TwinSAFE PLC Tools Scope

;ﬂ'_l'ﬁlgﬂ|* -";ﬁ-;_‘_l’ll“‘? v\t ';;ﬂ'—_if;l 4 |Release

Window Help
+| | TwinCAT RT x64) ~| | % [s6r
'| =[E |PLC_ExampIe '|| 7] m €] | 5= (=

BBl G i B82S @ ® 7 || remote-FLc
=
Solution Explorer

FROGRAM MATN

:= WORD TO BYTE (nRotatelower OR nRotateUpper):

Ready

3 Solution 'Example_Project’ (1 project) : VAR
P a Example_Project 3 nSwitchCtrl BOOL := TERUE;
u .ﬂ SYST_EM 4 nRotatelpper WOBRD :=18%2000
[»
MOTION s nRotatelower WORD :=16#01;
= g
)
4 CPLC | 7 BEL1004_Ch4 AT%I* : BOOL;
4 [ _example g
4 =] PLC_example Project 5 nEL2008_value AT:Q* : BYTE:
> [ External Types 10 END VAR
> |«3] References 11
1 DUTs
C3 GVLs L (* Program example *)
4 [ POUs 2 IF bEL1004_Chd THEN
HEJ MAIN (PRG) 3 IF nSwitchCtrl THEN
£ VISUs 4 nSwitchCtrl := FLLSE;
E_‘E PLC_exampletmc 5 nBotatelower := BOL({nRotatelower, 2);
p ':¥] PIcT_ask {PIcTask) g nBotateUpper := ROR({nRotatelUpper, 2):
u 2 MAN 7 nFL2008_value
= 8 END IF
4 @ PLC_exampleInstance - ELSE
] PlcTask Inputs 10 IF NOT nSwitchCtrl THEN
%1 MAIM bEL1004_Chd ; ; y
- 11 niwitchCtrl := TRUE;
4 [ PlcTask Outputs 12 END_TF
- MAIM.nEL2008_value 13 END_IF
SAFETY 14
m C++

Fig. 79: Sample program with variables after a compile process (without variable integration)

The control program is now created as a project folder, followed by the compile process:

Build

Build Selution Ctrl+Shift+B
Rebuild Solution R
Clean Solution

[ Build Example_Project
Rebuild Example_Project

Clean Selection

Batch Build...

Configuration Manager...

Fig. 80: Start program compilation

The following variables, identified in the ST/ PLC program with "AT%", are then available in under

"Assignments" in the project folder explorer:

Py PLC
4 PLC_example
> Hj PLC_example Project
4 @ PLC_example Instance
4 PlcTask Inputs
# MAIM.BEL1004_Chd
4 [ PlcTask Outputs
- MAIN.AEL2008 value

&" marked '
28rs nere *

Assigning variables

Via the menu of an instance - variables in the "PLC” context, use the "Modify Link
window for selecting a suitable process object (PDO) for linking:

..." option to open a
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4 PLC
4 @PLC_example
4 @PLC_ExampleInstance
a PlcTask Inputs
1 MAIN.bEL1004_Chd
4 [ PlcTask Outputs
BB MAIN.nEL2008_value

o

5 SAFETY
E C++
> Vo
>3
>3
*
p

Change Link...
Clear Link({s) %
Gote Link Variable

Take Mame Over from linked Variable
Move Address...

Online Write '0"

Online Write ‘1"

Online Write...

Online Force..,

Release Force

Add to Watch

Remowe from Watch

Fig. 81: Creating the links between PLC variables and process objects

In the window that opens, the process object for the variable "bEL1004_Ch4" of type BOOL can be selected

from the PLC configuration tree:

-

Search:

B | Attach Variable MAIN.bEL1004_Chd (Input)

T

B 140

s

- 2% SuncUnits

----- 1 Qv

= ## SuncUnits

Elﬁ <default:
EI’* sunreferenced:
L] wiState
= % Tern 2 [EL1004)

----- # Input
----- #F lnput
----- # Input

2% cdefaulty
EI’* sunreferenced:
L] wiState
=¥ Tem 5 [EL2008)
Lo®) WieState > X 1522.0, BIT [01]

E“@ Device 1 [EtherCAT]

I 26.0, BIT [0.1]
1% 26.1, BIT [0.1]
I 26.2, BIT [0.1]

3 BIT [0
----- #1 WwWoState > 15220, [I].1]
----- # InputToaggle > [ 1524.0,BIT [0.1]
=25 Device 3 [EtherCAT)

[ 1526.0, BIT [0.1]

[ 1526.0, BIT [0.1]

-

=

Show W ariables

@ Unused

() Used and unused

[] Exclude dizabled
Exclude ather Devices
Exclude same Image
Show Toolips

[T] 5ot by Address

Show Wanable Types
[] Matching Type
M atching Size

[] &0 Types
Array Mode

Offzets
[7] Continuous
[] Shows Dialog

W ariable Mame

[ Hand over
T ake over

[ Caticel ] [ Ok

Fig. 82: Selecting PDO of type BOOL

According to the default setting, certain PDO objects are now available for selection. In this sample the input
of channel 4 of the EL1004 terminal is selected for linking. In contrast, the checkbox "All types" must be
ticked for creating the link for the output variables, in order to allocate a set of eight separate output bits to a

byte variable. The following diagram shows the whole process:
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™

7 Attach Variable MAIN.nEL2008_value (Output) ==
4 PLC
4 [ PLC_example Search E Sho: VEHZHES
""" = @ Unuse
> gzl PLC_example Project = i..:;é o & M oniiorcrd
4 @ PLC_example Instance -7, Dewices D Evclate domting
“ PlcTask Inputs B Device 1 [EtherCAT) Eoiudo oher B
& MAIN.bELLO04 Chd (M FrmOCtl > B 15200, LINT [2.0] welude other Devices
4 [ PlcTask Outputs e FrmOwicCl > OB 1522.0.UINT [2.0] Exclude SEIE IWERR
B DevCl > G 15340, UINT [20] Show Tonlips
- MAIN.nEL2008_val :
@ saFeTy PESEAENE M Changelink.. & Dievice 3 [EtherCAT) [T Sott by Address
Blc X Clear Link(s) FmOCtl > @8 15200, LINT [20] Show Varable Tupes
= P FmlweCul > OB 1522.0, LINT [20]
» Evo - e DevCl > 0B 16340 UINT [20] Matching Type

Take Name Over from linked Variable

=+ Temn 5 (EL2008)
Output 3 0, BIT [0, [ [¥] &0 Types
u 3T [0 ey Mode

Display Mode 3

Move Address...
+3  Online Write... E Carfoms
*3  Online Force... :;ﬂw aloq
& Release Force L E it 101} Wariable Name
£ Addto Watch Hand over

Remove from Watch Take over

Cancel Ok

Fig. 83: Selecting several PDOs simultaneously: activate "Continuous" and "All types"

Note that the "Continuous" checkbox was also activated. This is designed to allocate the bits contained in the
byte of the variable "nEL2008_value" sequentially to all eight selected output bits of the EL2008 terminal. In
this way it is possible to subsequently address all eight outputs of the terminal in the program with a byte

corresponding to bit 0 for channel 1 to bit 7 for channel 8 of the PLC. A special symbol ( & ) at the yellow or
red object of the variable indicates that a link exists. The links can also be checked by selecting a "Goto Link
Variable” from the context menu of a variable. The object opposite, in this case the PDO, is automatically
selected:

4 [HJPLC
. 0

C_example
2| PLC_sxample Project
4 @ PLC_example Instance
4 PleTask Inputs
5 MAIN.bEL1004_Chd4 5]
4 [ PlcTask Outputs
B MAIN.nEL2008_vald

Change Link...
3 Clear Link{s)

SAFETY Goto Link Variable
E Crs Take Mame Owver from linked Variable
“ gg Devices Move Address...
4 == Devicel (EtherCAT) Online Write ‘0"
4% Image Online Write '1'
4% ImageInfo >3 Online Write...

s 2 SyncUnits
H Inputs
> [ Outputs & Release Force

+3  Online Force...

> [ InfoData f7 Add to Watch
4 i Term1 (EK1200)

; Remove from Watch
4§ Term 2 (EL1004)

> Channel 1
» Channel 2
> Channel 3
a Channel 4 . . .
% Input Linked Variable will be selected
P automatically by "Goto Link Vanable"
> Ll WcState

> [H InfoData
" Term 3 (EL9011)

Fig. 84: Application of a "Goto Link" variable, using "MAIN.bEL1004_Ch4" as a sample

The process of creating links can also take place in the opposite direction, i.e. starting with individual PDOs
to variable. However, in this example it would then not be possible to select all output bits for the EL2008,
since the terminal only makes individual digital outputs available. If a terminal has a byte, word, integer or
similar PDO, it is possible to allocate this a set of bit-standardised variables (type "BOOL"). Here, too, a
"Goto Link Variable” from the context menu of a PDO can be executed in the other direction, so that the
respective PLC instance can then be selected.

EL37x2 Version: 3.6 77



Commissioning

BECKHOFF

Activation of the configuration

The allocation of PDO to PLC variables has now established the connection from the controller to the inputs

and outputs of the terminals. The configuration can now be activated with

H
aaa

or via the menu under

"TwinCAT" in order to transfer settings of the development environment to the runtime system. Confirm the
messages "Old configurations are overwritten!" and "Restart TwinCAT system in Run mode" with "OK". The
corresponding assignments can be seen in the project folder explorer:

Fi ﬁ:l Mappings
@ PLC example Instance - Device 3 (EtherCAT) 1
@ PLC example Instance - Device 1 (EtherCAT) 1

A few seconds later the corresponding status of the Run mode is displayed in the form of a rotating symbol

|

described below.

Starting the controller

Select the menu option "PLC" — "Login" or click on

at the bottom right of the VS shell development environment. The PLC system can then be started as

2]

to link the PLC with the real-time system and load

the control program for execution. This results in the message "No program on the controller! Should the
new program be loaded?", which should be acknowledged with "Yes". The runtime environment is ready for

4

program start by click on symbol

, the "F5" key or via "PLC" in the menu selecting “Start”. The started

programming environment shows the runtime values of individual variables:

r
o8 Example_Project - Microsoft Visual Studio (Administrater)

===

File Edit View Project Build Debug TwinCAT TwinSAFE PLC Tools Scope Window Help

Solution Explorer

; Solution 'Example_Project’ (1 project)

X Expression
a “ﬂ Example_Project

» [ External Types

i 2L
- @ svsTEM @ nSwitchCtrl BOOL o
MOTION @ nRotateUpper  WORD 32768
M & nRotateLower WORD 1
PLC_example @ bEL1004_Ch4 BOOL FALSE =l
4 [El PLC_example Project @ nEL2008_value  BYTE 1 %Q*

g S d A EE]D - EE | b [Release ~| [ TwinCAT RT (86) -| | # |sar SR B O
iBEGL. i8R NG| || emoerc cilpCeampe  -[| 2] F m &%= Ol w &0,

Type Address  Comment

Prepared value

» [:a] References

n L

3 DuTs
3 GVLs
a4 [ POUs
5] MAIN (PRG)
3 visUs
2_': PLC _exampletmc
o E;'] PlcTazk (PlcTask)
> E‘PLC_acamp\eInstance

m 'y PLC example Instance - Device 1 (EtherCAT) 1

{* Program example #)
IF bEL1004_Chéfg
IF nSwitchCtrl|EGENEN THEN

END IF
1 SAFETY = ELSE -
[ c-+ = 1 IF NOT nSwitchCrrlEEN THER
4 Fuvo 11 nSwitchCrrl IR := TRUE;
> e‘% Devices 1z END IF
4 ﬁj Mappings 13 EN‘D_IF7
g PLC_sxample Instance - Device 3 (EtherCAT) 1 14

nSwitchCtrl|pIE := FRLSE;

nBotatelower[ 1 | := BOL(nRotatelower[ 1 |, 2);

nRotatelUpper[ 32768 | := ROR(nRotateUpper{32mes], 2);

nEL2008_value[ 1 | := WORD_TO BYTE (nRotatelower[ 1 | OR nRotatelUpper| 3276 ) ;

Ln14

Coll

Fig. 85: TwinCAT development environment (VS shell): logged-in, after program startup

The two operator control elements for stopping

and logout 4 result in the required action

(accordingly also for stop "Shift + F5", or both actions can be selected via the PLC menu).
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6.2 TwinCAT Development Environment

The Software for automation TwinCAT (The Windows Control and Automation Technology) will be
distinguished into:

« TwinCAT 2: System Manager (Configuration) & PLC Control (Programming)

» TwinCAT 3: Enhancement of TwinCAT 2 (Programming and Configuration takes place via a common
Development Environment)

Details:
+ TwinCAT 2:

o Connects I/O devices to tasks in a variable-oriented manner
o Connects tasks to tasks in a variable-oriented manner
o Supports units at the bit level
o Supports synchronous or asynchronous relationships
o Exchange of consistent data areas and process images
o Datalink on NT - Programs by open Microsoft Standards (OLE, OCX, ActiveX, DCOM+, etc.)

o Integration of IEC 61131-3-Software-SPS, Software- NC and Software-CNC within Windows
NT/2000/XP/Vista, Windows 7, NT/XP Embedded, CE

o Interconnection to all common fieldbusses

o More...

Additional features:

* TwinCAT 3 (eXtended Automation):
o Visual-Studio®-Integration
o Choice of the programming language
o Supports object orientated extension of IEC 61131-3
o Usage of C/C++ as programming language for real time applications
o Connection to MATLAB®/Simulink®
> Open interface for expandability
> Flexible run-time environment
o Active support of Multi-Core- und 64-Bit-Operatingsystem
o Automatic code generation and project creation with the TwinCAT Automation Interface
° More...

Within the following sections commissioning of the TwinCAT Development Environment on a PC System for
the control and also the basically functions of unique control elements will be explained.

Please see further information to TwinCAT 2 and TwinCAT 3 at http://infosys.beckhoff.com.

6.2.1 Installation of the TwinCAT real-time driver

In order to assign real-time capability to a standard Ethernet port of an IPC controller, the Beckhoff real-time
driver has to be installed on this port under Windows.

This can be done in several ways. One option is described here.

In the System Manager call up the TwinCAT overview of the local network interfaces via Options — Show
Real Time Ethernet Compatible Devices.
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File Edit Actions View Help

= | Show Real Time Ethernet Compatible Devices...

Fig. 86: System Manager “Options” (TwinCAT 2)

This have to be called up by the Meni “TwinCAT” within the TwinCAT 3 environment:

o8 Example_Project - Microsoft Visual Studic (Administrator)

File Edit Wiew Project Build Debug | TwinCAT | TwinSAFE PLC Tools Scope Window Help

fied e ot = e @l | & =53 _,“j| “) | & Activate Configuration |

! B b-lisrB |8 2G| E7  Restart TwinCAT System F
A Restart Twin®"™ _1p | ink Register...

upuate Firmware/EEPROM

Show Realtime Ethernet Compatible Devices...
Fiie Handling
EtherCAT Devices

About TwinCAT

Fig. 87: Call up under VS Shell (TwinCAT 3)

The following dialog appears:

Installation of TwinCAT RT-Ethernet Adapters

— Ethernet Adapters

Elﬂ Inztalled and ready ta uze devices
B8 LAN3 - TwinCAT Intel PCI Ethernet Adapter (Gigabit) Iristal
- EE 100M - TwinCAT -Inkel PCI Ethernet Adapter

: Bind

. HE 1G - TwinCAT-Intel PC] Ethermet Adapter (Gigabit) i |

- H@ Compatible devices T |

- HE Incompatible devices

. EHE Dizabled devices Enable |
Disable |

[T Show Bindings
Fig. 88: Overview of network interfaces

Interfaces listed under “Compatible devices” can be assigned a driver via the “Install” button. A driver should
only be installed on compatible devices.

A Windows warning regarding the unsigned driver can be ignored.

Alternatively an EtherCAT-device can be inserted first of all as described in chapter Offline configuration

creation, section "Creating the EtherCAT device” [P 90] in order to view the compatible ethernet ports via its
EtherCAT properties (tab ,Adapter”, button ,Compatible Devices..."):
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Bl 5¥STEM - Configuration

Gereral ||.-‘-‘-.dapter|| EtherCaT | Online | CoE - Online

BB N - Configuration
B PLC - Configuration

EI' I - Configuration (© Network Adapter
Elﬁ /O Devices
- [#-7=|Device 1 (EtherCAT)| B
ﬁ Mappings Pl
Device Mame:
FCl Busz/Slat;
MaC Address:
|P Address:

) PL () DPRAM
I1|3 [Intel[R] PROA000 P Hetwork, Connection - Packet Sched |
| WDEYICENZESRATC2-AFEE-4842-A98 8-FC0DE 2444BF 0} |

00 01 05 05 9 54 | | Compatible Devices... ||
|169.254.1.1 (255.255.0.0) |

()05 [MDIS)

Search...

Fig. 89: EtherCAT device properties(TwinCAT 2): click on ,Compatible Devices...“ of tab “Adapter’

TwinCAT 3: the properties of the EtherCAT device can be opened by double click on “Device .. (EtherCAT)”

within the Solution Explorer under “1/O”:
P e
4 ‘ﬂ% Devices
» |7 Devicel (EtherCP&

After the installation the driver appears activated in t
(Windows Start — System Properties — Network)

-+ 1G Properties

he Windows overview for the network interface

General | Authentication | Advanced

Connect uging:

BS TwinCAT-Intel PCl Ethernet Adapter [

Thiz connection uzes the following tems:

Show ican in notification area when connected

v t Client far Mizrazaft Mebworks -
.@ File and Printer Sharing for Microzoft Metworks
105 Packet Scheduler
%= TwinCAT Ethemet Protocol | b
S | &8
[ [natall.. ] [ Uninstall ] [ Froperties
Dezcription
Allovwz pour compuker o access resources o a Microzoft
nebwark.

Matify me when thiz connection haz imited ar no connectivity

OF.

J

Cancel

Fig. 90: Windows properties of the network interface

A correct setting of the driver could be:
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Installation of TwinCAT RT-Ethernet Adapters -H
— Ethernet Adapters |Jpdate List |
[rztall I
: Bind
K Compatible devices 2 |
=-EF Incompatible devices Unbind |
-E AN Yerbindung 2 - Intel[R) 825790LM Gigabit Metwork Connection
W Digabled devices Enabie |
Nriver O
Driver OK Disable |
¥ Show Bindings

Fig. 91: Exemplary correct driver setting for the Ethernet port

Other possible settings have to be avoided:
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Installztion of TuwinCAT RT-Ethernet Adapters @

Ethernet Adapters pdate List

= l‘-'_" Installed and ready to uze devices
E| F LAN-Yerbindung 2 - Intel[R] 82579LM Gigabit Metwork. Connection |
& TwinCAT Ethernet Protocal for all Wetwork Adapters |

i i g TwinCAT Rt-Ethamet Intarmediate Driver
EII‘_-"' LANYerbindung - TwinCaT-Intel PCI Ethernet Adapter [Gigabit)
e i TwinCAT Ethernet Pratocal for all Nebwork Adapters

- Dg TwinCAT Rt-Ethemet Intermediate Driver Enable
----- L¥ Compatible devices -
----- LF |noompatible devices Disable
----- LF Disabled devices
) W Show Bindings
WRONG: both driver enabled ?
Installation of TwinCAT RT-Ethernet Adapters @
Ethernet Adapters Update List |
e |nistalled and ready to use de:
- Compatible devices |
- l‘-'_" LANAYerbindung - TwinCaT -Intel PCI Ethernet Adapter [Gigabit) |
. Dg TwinCAT Rt-Ethemet Intermediate Driver
=B Incompatible devices |
Ell‘_-"' LANerbindung 2 - Intel(R] 82573LM Gigabit Metwork Connection
E b 2B TwsinCAT Rt-Ethemet Intermediate Driver Enable |
“-®F Disabled devices -
i Dizable |
WRONG: Intermediate enabled
v Show Bindings
Installation of TwinCAT RT-Ethernet Adapters @
Ethemet Adapters Update List ‘
; Inztalled and ready to uze
- Compatible devices ‘
- l‘-'f‘ LaM-erhindung - TwinCaAT-Intel PCI Ethermet Adapter [Gigahit] ‘
i [] o TwinCAT Ethemet Protocol for all Metwork Adapters
E-EY Incompatible devices ‘
i E|l‘-'j' LAMYerbindung 2 - IntellR] 82579LM Gigabit Metwork Connection
E b [t TwninCAT Ethernet Pratacol for all Metwark Adapters Enable ‘
Lo Dizabled devices
Disable |
WRONMG: enabled for all network adapters
[¥ Show Bindings
Installation of TwinCAT BT-Ethernet Adapters @
Ethemet Adapters Update List ‘
Installed and ready o use
o Caompatible devices ‘
¢ W LANMerbindung - Intel[R] 825741 Gigabit Network Connection ‘
E-EY Incompatible devices
- AN Merbindung 2 - Intel[R] 82579LM Gigabit Metwork Connection ‘
¥ Dizabled devices
) ) . Enable ‘
WRONG: no TwinCAT driver
Disable |
[ Show Bindings

Fig. 92: Incorrect driver settings for the Ethernet port
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IP address of the port used

1

IP address/DHCP

In most cases an Ethernet port that is configured as an EtherCAT device will not transport general

IP packets. For this reason and in cases where an EL6601 or similar devices are used it is useful to
specify a fixed IP address for this port via the “Internet Protocol TCP/IP” driver setting and to disable
DHCP. In this way the delay associated with the DHCP client for the Ethernet port assigning itself a

default IP address in the absence of a DHCP server is avoided. A suitable address space is

192.168.x.x, for example.

4. 1G Properties

General | Authentication i| .-’-'-.u:l'-.fanced|

Connect uzsing:

EZ TwinCAT-Intel PCl Ethernet Adapter |

Thizs connection wuzes the fallowing ibems;

QDDS Packet Scheduler -
T TwinCAT Ethernet Protocol
| Imternet Pratocol [TCRAF | £
w
< N
Inztall... [ rirztall Froperties

General |

Internet Protocol {TCP/IP) Properties

Y'ou can get IP zettings assigned automatically if your network, suppar
thiz capability. Othenwize, you need to azk your network, administrator

the appropriate [P settings.

() Obtain an IP address autamatically
I@) [1ze the following I[P address: I
IP address: [ 163.254. 1 . 1

Fig. 93: TCP/IP setting for the Ethernet port
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6.2.2 Notes regarding ESI device description

Installation of the latest ESI device description

The TwinCAT EtherCAT master/System Manager needs the device description files for the devices to be
used in order to generate the configuration in online or offline mode. The device descriptions are contained
in the so-called ESI files (EtherCAT Slave Information) in XML format. These files can be requested from the
respective manufacturer and are made available for download. An *.xml file may contain several device
descriptions.

The ESI files for Beckhoff EtherCAT devices are available on the Beckhoff website.

The ESI files should be stored in the TwinCAT installation directory.

Default settings:
e TwinCAT 2: C\TwinCAT\IO\EtherCAT
* TwinCAT 3: C:\TwinCAT\3.1\Config\lo\EtherCAT

The files are read (once) when a new System Manager window is opened, if they have changed since the
last time the System Manager window was opened.

A TwinCAT installation includes the set of Beckhoff ESI files that was current at the time when the TwinCAT
build was created.

For TwinCAT 2.11/TwinCAT 3 and higher, the ESI directory can be updated from the System Manager, if the
programming PC is connected to the Internet; by

* TwinCAT 2: Option — “Update EtherCAT Device Descriptions”
¢ TwinCAT 3: TwinCAT — EtherCAT Devices — “Update Device Descriptions (via ETG Website)...”

The TwinCAT ESI Updater [»_89] is available for this purpose.

@ ESI

The *.xml files are associated with *.xsd files, which describe the structure of the ESI XML files. To
update the ESI device descriptions, both file types should therefore be updated.

Device differentiation
EtherCAT devices/slaves are distinguished by four properties, which determine the full device identifier. For
example, the device identifier EL2521-0025-1018 consists of:

 family key “EL”

* name “2521”

» type “0025”

+ and revision “1018”

MName
| p— |
(EL2521-0025-1018)

| B

Revision

Fig. 94: Identifier structure

The order identifier consisting of name + type (here: EL2521-0010) describes the device function. The
revision indicates the technical progress and is managed by Beckhoff. In principle, a device with a higher
revision can replace a device with a lower revision, unless specified otherwise, e.g. in the documentation.

Each revision has its own ESI description. See further notes [» 9].
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Online description

If the EtherCAT configuration is created online through scanning of real devices (see section Online setup)
and no ESI descriptions are available for a slave (specified by name and revision) that was found, the
System Manager asks whether the description stored in the device should be used. In any case, the System
Manager needs this information for setting up the cyclic and acyclic communication with the slave correctly.

-

TwinCAT Systern Manager

Mew device type found [EL2521-0024 - 'EL2521-0024 1K, Pulze Train 24% DC Auzgang'].
ProductRevizion EL25621-0024-1016

|ze available online description instead

[T Apply ta all [ Yes ] [ Mo ]

Fig. 95: OnlineDescription information window (TwinCAT 2)

In TwinCAT 3 a similar window appears, which also offers the Web update:

TwinCAT XAE

Mew device type found [EL2521-0024 - 'EL2521-0024 1K, Pulze Train 248 DC Ausgang'].
ProductRevizion EL2521-0024-1016

|ze available online dezcription instead [WES] or try to load appropriate descriptions from the web

[T] Apply ta al ’ Yes ] [ MHa ] [ Online ES| Update [web access required)... ]

Fig. 96: Information window OnlineDescription (TwinCAT 3)

If possible, the Yes is to be rejected and the required ESI is to be requested from the device manufacturer.
After installation of the XML/XSD file the configuration process should be repeated.

NOTE

Changing the ‘usual’ configuration through a scan

v If a scan discovers a device that is not yet known to TwinCAT, distinction has to be made between two
cases. Taking the example here of the EL2521-0000 in the revision 1019

a)no ESl is present for the EL2521-0000 device at all, either for the revision 1019 or for an older revision.
The ESI must then be requested from the manufacturer (in this case Beckhoff).

b)an ESI is present for the EL2521-0000 device, but only in an older revision, e.g. 1018 or 1017.
In this case an in-house check should first be performed to determine whether the spare parts stock al-
lows the integration of the increased revision into the configuration at all. A new/higher revision usually
also brings along new features. If these are not to be used, work can continue without reservations with
the previous revision 1018 in the configuration. This is also stated by the Beckhoff compatibility rule.

Refer in particular to the chapter ‘General notes on the use of Beckhoff EtherCAT 10 components’ and for
manual configuration to the chapter ‘Offline configuration creation’ [»_90].

If the OnlineDescription is used regardless, the System Manager reads a copy of the device description from
the EEPROM in the EtherCAT slave. In complex slaves the size of the EEPROM may not be sufficient for the
complete ESI, in which case the ESI would be incomplete in the configurator. Therefore it's recommended
using an offline ESI file with priority in such a case.

The System Manager creates for online recorded device descriptions a new file
“OnlineDescription0000...xml” in its ESI directory, which contains all ESI descriptions that were read online.
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CnlineDescriptionCache00000002 , xmil

Fig. 97: File OnlineDescription.xml created by the System Manager

Is a slave desired to be added manually to the configuration at a later stage, online created slaves are
indicated by a prepended symbol “>” in the selection list (see Figure “Indication of an online recorded ESI of
EL2521 as an example”).

Add EtherCAT device at port B (E-Bus) of Term 1 B
Search. el M arme; Tem 2 Muliple: 1 2 [ ok ]
Type: = ﬁ Beckhoff Automation GmbH & Co. KG " [ Cancel l

eI C afety Terminal:

E|.j Digital Output Terminals [EL2ums) Part
B2 EL2002 2Ch. Dig. Output 24+, 0,54 )
§ EL2004 4Ch, Dig. Output 24 054 @E [E-Bus)
oMl 032 2Ch. Dig. Dutput 24%, 24 Diag i
E----€§2E21 1. Pulze Train Ausgang = E<[2EéhL||3_r|_r:|Et]

[7] Extended Infarmation [7] Show Hidden Devices Show Sub Groups

Fig. 98: Indication of an online recorded ESI of EL2521 as an example
If such ESI files are used and the manufacturer's files become available later, the file OnlineDescription.xml
should be deleted as follows:

+ close all System Manager windows

« restart TwinCAT in Config mode

+ delete "OnlineDescription0000...xml"

 restart TwWinCAT System Manager

This file should not be visible after this procedure, if necessary press <F5> to update

® OnlineDescription for TwinCAT 3.x
1 In addition to the file described above "OnlineDescription0000...xml" , a so called EtherCAT cache
with new discovered devices is created by TwinCAT 3.x, e.g. under Windows 7:
CAUser\[USERNAMEMppData\Roaming\Beck hoffiTwin CAT3\Components\Base\EtherCATCache xm|

(Please note the language settings of the OS!)
You have to delete this file, too.

Faulty ESI file

If an ESI file is faulty and the System Manager is unable to read it, the System Manager brings up an
information window.

TwinCAT M

win System Manager @ Microsoft Visual Studio @
Errar parsing EtherCAT device description! ) . o

! L Eror parzing EtherCAT device description!

File "C:ATwinCATMo\EtherCAT \Beckhaff EL 3w #ml’ . )
Device 'EL9995" File 'C:\TwinCAT o\EtherCAT \Beckhoff EL3xx xml
PDO 'Statuz Us' iz azsighed to a nat existing Sync Manager instance (0] DEV'CIE 'ELQSQE!'_ . o .
Description will be ignared. PDIO 'Status Us'is assigned to a not existing Sync Manager instance [0)

Description will be ignared,

Fig. 99: Information window for faulty ESI file (left: TwinCAT 2; right: TwinCAT 3)
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Reasons may include:

 Structure of the *.xml does not correspond to the associated *.xsd file — check your schematics
» Contents cannot be translated into a device description — contact the file manufacturer
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6.2.3 TwinCAT ESI Updater

For TwinCAT 2.11 and higher, the System Manager can search for current Beckhoff ESI files automatically, if

an online connection is available:

File Edit Actions View Help
0w &

Fig. 100: Using the ESI Updater (>= TwinCAT 2.11)

The call up takes place under:
“Options” — "Update EtherCAT Device Descriptions"

Selection under TwinCAT 3:

| Update EtherCAT Device Descriptions...

@8 Example_Project - Microsoft Visual Studio (Administrator)

File Edit View Project Build Debug | TwinCAT | TwinSAFE PLC Tools
ENC RS Rt = | EE] _.'\_L|| “) | %z Activate Configuration

(@) ﬂ Restart TwinCAT System

Restart Twin™ "
Beieceu SEI
EtherCAT Devices

PR Y

Scope  Window Help
| ~| | [# |sGR

[ -3

- &R

B EE=O | e

—cVICES,..

Update Device Descriptions (via ETG Website)...

Dimbmmed Mhmnsimm Dl i o imam e

=% EtherCAT Slave Information (EST) Updater

=

endor oade
Vend Loaded
22 Beckhoff Automation GmbH 0

URL

http: f{download . beckhoff.com/download/Config/EtherCAT XML_Device_Description/Beckhoff_EtherC...

Target Path: C:\TwinCAT\3. 1'Config\lo'\Ether CAT

&

(]

CK ] [ Cancel ]

Fig. 101: Using the ESI Updater (TwinCAT 3)

The ESI Updater (TwinCAT 3) is a convenient option for automatic downloading of ESI data provided by
EtherCAT manufacturers via the Internet into the TwinCAT directory (ESI = EtherCAT slave information).
TwinCAT accesses the central ESI ULR directory list stored at ETG; the entries can then be viewed in the

Updater dialog, although they cannot be changed there.

The call up takes place under:

“TwinCAT“ — ,EtherCAT Devices” — “Update Device Description (via ETG Website)... .

6.2.4

Distinction between Online and Offline

The distinction between online and offline refers to the presence of the actual I/0 environment (drives,
terminals, EJ-modules). If the configuration is to be prepared in advance of the system configuration as a
programming system, e.g. on a laptop, this is only possible in “Offline configuration” mode. In this case all
components have to be entered manually in the configuration, e.g. based on the electrical design.

If the designed control system is already connected to the EtherCAT system and all components are
energised and the infrastructure is ready for operation, the TwinCAT configuration can simply be generated
through “scanning” from the runtime system. This is referred to as online configuration.

In any case, during each startup the EtherCAT master checks whether the slaves it finds match the
configuration. This test can be parameterised in the extended slave settings. Refer to note “Installation of

the latest ESI-XML device description” [» 85].

For preparation of a configuration:

 the real EtherCAT hardware (devices, couplers, drives) must be present and installed
 the devices/modules must be connected via EtherCAT cables or in the terminal/ module strand in the

same way as they are intended to be used later

EL37x2
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« the devices/modules be connected to the power supply and ready for communication
* TwinCAT must be in CONFIG mode on the target system.
The online scan process consists of:

+ detecting the EtherCAT device [P 95] (Ethernet port at the IPC)

+ detecting the connected EtherCAT devices [P 96]. This step can be carried out independent of the
preceding step

* troubleshooting [» 99]

The scan with existing configuration [»_100] can also be carried out for comparison.

6.2.5 OFFLINE configuration creation

Creating the EtherCAT device

Create an EtherCAT device in an empty System Manager window.

Fle Edit Actions View Options Help | SYSTEM i Add New Item... Ctrl+Shift+ A
s ST ' = MOTION E - :
IDEFHSGE| ' mBR(Mad = I ] Add Existing rem... —
=B SYSTEM - Configuration 4 PLC
-8 NC - Configuration | (53 SAFETY Export EAP Config File
B PLC - Configuration [ C++ *3 Scan
= 1/ - Configuration | 4 Vo
8 -11/0 Devices I N ¥ Devices 4 Paste Crl+V
R LEEllele el ™ Append Device... | : . & Mappings Paste with Links

Fig. 102: Append EtherCAT device (left: TwinCAT 2; right: TwinCAT 3)

Select type ‘EtherCAT’ for an EtherCAT 1/O application with EtherCAT slaves. For the present publisher/
subscriber service in combination with an EL6601/EL6614 terminal select “EtherCAT Automation Protocol
via EL6601”.

Type: -0 Beckhoff Lightbus

[+-#8% Profibus DP

--ﬁ? Prafinet

--till CaMopen

--F_.—L-— Devicehlet / Ethemet | /P

=-f#f SERCOS interface

-5 EtheiCAT

e EtherCaT
-~ == EtherCAT Slave

¢ LR EtherCAT Automation Protocal via ELEGOT, EtherCAT

If_l,a'J Ethemet

Fig. 103: Selecting the EtherCAT connection (TwinCAT 2.11, TwinCAT 3)

Then assign a real Ethernet port to this virtual device in the runtime system.

Device Found AL %)

oK
1006 [InkellR] PRO00WE Metwork Connection - Packet Scheduler b

LAN3 [IntellR] 82541ER Based Gigabit Ethemet Contraller - Packst Scb

1G [IntelR] PROA000 PR Metwark, Connection - Packet Scheduler ki

Fig. 104: Selecting the Ethernet port
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This query may appear automatically when the EtherCAT device is created, or the assignment can be set/
modified later in the properties dialog; see Fig. “EtherCAT device properties (TwinCAT 2)”.

=Bl S¥STEM - Configuration :
' M - Configuration General El-"l"-dali'tﬂf|IE|_th[3rE.ﬁ.T Orline | Cok - Online

----- B PLC - Configuration

EI. 10 - Configuration © Network Adapter

=58 1/0 Devices (® 05 [MDIS) QPO () DPRsM

- [~ [Device 1 (EtherCAT)| et | . .

- Mappings phion: [1G (Intel(R] PRO/A1000 P Network Cornection - Packet Sched |
Device Name: \\DEVICEM2E55ATC2-AFB8-4842+49B8-FCODE 2444BF 0} |
PCI Bus/Slat | | | Search.. ]
MAC Addess: |00 01 050519 54 | [ Compatible Devices... |
IP Address: 169.254.1.1 [255.255.0.0) |

[] Promizcuous Mode [use with NetmonAvireshark anly]
[1wirtual Device Names

() &dapter Reference
Adapter;

Freerun Cycle [mz]: i =

Fig. 105: EtherCAT device properties (TwinCAT 2)

TwinCAT 3: the properties of the EtherCAT device can be opened by double click on “Device .. (EtherCAT)”
within the Solution Explorer under “I/O”:
P e
Fi ﬁ% Devices

w7 Devicel (Ethercpﬁ

@® Selecting the Ethernet port

1 Ethernet ports can only be selected for EtherCAT devices for which the TwinCAT real-time driver is
installed. This has to be done separately for each port. Please refer to the respective installation

page [»_79].

Defining EtherCAT slaves

Further devices can be appended by right-clicking on a device in the configuration tree.

—j. /0 - Configuration | 4 0
Bﬁ /O Devices | 4 "% Devices
] Dcvice 1 (EtherCAT) P A ppend Box... > | Devicel (EtherCAT) () g New Ttem.. Ctrl+Shift+A
L Mappings \ ﬁj Mappings = - T ——— %
W Delete Device | ] Add Bxisting Iem... ;

| ® pen

Fig. 106: Appending EtherCAT devices (left: TwinCAT 2; right: TwinCAT 3)

The dialog for selecting a new device opens. Only devices for which ESI files are available are displayed.

Only devices are offered for selection that can be appended to the previously selected device. Therefore the
physical layer available for this port is also displayed (Fig. “Selection dialog for new EtherCAT device”, A). In
the case of cable-based Fast-Ethernet physical layer with PHY transfer, then also only cable-based devices
are available, as shown in Fig. “Selection dialog for new EtherCAT device”. If the preceding device has
several free ports (e.g. EK1122 or EK1100), the required port can be selected on the right-hand side (A).

Overview of physical layer
» “Ethernet”: cable-based 100BASE-TX: EK couplers, EP boxes, devices with RJ45/M8/M12 connector
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e “E-Bus”: LVDS “terminal bus”, “EJ-module”: EL/ES terminals, various modular modules

The search field facilitates finding specific devices (since TwinCAT 2.11 or TwinCAT 3).

Insert EtherCAT Device @
Search | Marne: Tem 1 Multipl: 1 = [ ok, ]
Type: | =52 Beckhoff Automation GmbH & Co. KG =] | Cancel ]

- XTS5

+bs EtherCAT Infrastiucture components Fort
H Ethermet Port MultiplierCU 25:)

-8 Communication Terminals [ELGswx] .
= li S_I.Jstem Couplers
Cx=1100-0004 EtherCAT Power zupply [24 E-Bus) D
EK1100 EtherCAT Couple E-Bus) i
EK1101 EtherCAT Coupler 8 E-Bus, ID switch] - Bl
EK1200-5000 EtherCAT Power zupply [24 E-Bus) c

m

EK1541 EtherCAT Coupler [24 E-Bus, POF, 1D zwitch)

EF1814 EtherCAT 10-Coupler (14 E-Bus, 4 Ch. Dig. In, 3mz, 4 Ch. Dig. Out 24,0 5.*-‘«]
EF1818 EtherCAT 10-Coupler (1A E-Bus, 8 Ch. Dig. In, 3mz, 4 Ch, Dig. Qut 24, 0,54)
EK1828 EtherCAT 10-Coupler (1A E-Buz, 4 Ch. Dig. In, 3ms, 8 Ch. Dig. Out 24%, 0.54)
[ EK1828-0010 EtherCaT 10-Coupler (14 E-Buz, 8 Ch. Dig. Out 24%, 0,54

I:]---Eﬁji Terminal Couplers [BE T we, ILwsm-B110]

-®  Customer specific Terminals

-l Panel Couplers

=2 || EJ Coupler(Eduses]

o || EJ1100 EtherCAT Coupler [2.20 E-Bus)

- Safety Teminals

[+- B8 EtherCAT Fieldbus Boxes [EPwms] -

[ Extended Infarmation [7] Show Hidden Devices Show Sub Groups

Fig. 107: Selection dialog for new EtherCAT device

By default only the name/device type is used as selection criterion. For selecting a specific revision of the
device the revision can be displayed as “Extended Information”.

P .1

Add EtherCAT device at port B (E-Bus) of Term 1 (EK1100) &2 |
Search:  el251 Marne: Tem 2 Multiple: 1 x [ = ]
Type: =% :Eﬁﬁ Beckhoff &utomation GrmbH & Co. KG [ Cancel ]

.j Digital Output Terminals [ELZw=x]

| EL7521 1Ch, Pulse Train Output (EL2521-0000-1022) o

| EL7521-0024 1Ch, Pulse Train 24Y DE OutpubEL2521-0024-1021] .
 EL7521-0025 1Ch. Pulse Train 244 DE Output negative [EL2521-0025-1021) (Bl

i EL2521-0124 1Ch. Pulse Train 24 DC Output Capture/Compare - [EL2521-00 24-0020) i

| EL2521-1001 1Ch. Pulse Train Outpgt(EL2521-1001-1020) o Pl

Estended Information [ Show Hidden D evices Show Sub Groups

Fig. 108: Display of device revision

In many cases several device revisions were created for historic or functional reasons, e.g. through
technological advancement. For simplification purposes (see Fig. “Selection dialog for new EtherCAT
device”) only the last (i.e. highest) revision and therefore the latest state of production is displayed in the
selection dialog for Beckhoff devices. To show all device revisions available in the system as ESI
descriptions tick the “Show Hidden Devices” check box, see Fig. “Display of previous revisions”.
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Add EtherCAT device at port B (E-Bus) of Term 1 (EK1100])

| 82|
Search: 82521 Marme: Tem 2 Multiple: 1 : [ = ]
Type: EI---% Beckhoff Autamation GrbH & Co. KG - [ Cancel ]
Ellj Digital Output Terminals [ELZxxx]
=™ EL2521 1Ch. Pulse Train Dutput [MEL2521-0000-1022) Part

B EL2521 1Ch. Pukse Train Outpit (EL2521-0000-0000)
B EL2521 1Ch. Pulse Train Output (EL2521-0000-1016)
B EL2521 1Ch. Pulse Train Output (EL2521-0000-1017) _
B EL2621 1Ch, Pulse Train Output [EL2521-0000-1020) © L Etnernet
B EL2521 1Ch. Pulse Train Output (EL2521-0000-1021) 2ot
B EL2521-0024Wh, Pulss Train 24 DC Output (EL2521-0024-1021)

B EL2621.002INCh Pulse Train 24 DC Output (EL2521-0024-10716)

L 2501 (T, Bulss Tsain 204 DT Qb (FL2521-0024-1017] N

Estended Information Show Hidden Devices [ Shaw Sub Groups

@ B [E-Bus]

Fig. 109: Display of previous revisions

Device selection based on revision, compatibility

o

1 The ESI description also defines the process image, the communication type between master and
slave/device and the device functions, if applicable. The physical device (firmware, if available) has
to support the communication queries/settings of the master. This is backward compatible, i.e.
newer devices (higher revision) should be supported if the EtherCAT master addresses them as an
older revision. The following compatibility rule of thumb is to be assumed for Beckhoff EtherCAT
Terminals/ Boxes/ EJ-modules:

device revision in the system >= device revision in the configuration

This also enables subsequent replacement of devices without changing the configuration (different
specifications are possible for drives).

Example:

If an EL2521-0025-1018 is specified in the configuration, an EL2521-0025-1018 or higher (-1019, -1020) can
be used in practice.

Name
1
(ELZ521-0025-1018)
—
Revisian

Fig. 110: Name/revision of the terminal

If current ESI descriptions are available in the TwinCAT system, the last revision offered in the selection
dialog matches the Beckhoff state of production. It is recommended to use the last device revision when
creating a new configuration, if current Beckhoff devices are used in the real application. Older revisions
should only be used if older devices from stock are to be used in the application.

In this case the process image of the device is shown in the configuration tree and can be parameterised as
follows: linking with the task, CoE/DC settings, plug-in definition, startup settings, ...

EL37x2 Version: 3.6 93



Commissioning

BECKHOFF

5- I/0 - Configuration

2B /O Devices
=75 Device1 (FtherCAT)

i.=¥= Devicel-Image
-I- Device 1-Image-Info
%T Inputs
-l Outputs
# InfoData
- Term 1 (EK1100)

5.4 InfoData

T State

Ln

&g PTO Status

5-&! Status

-1 Sel. Ack/End counter
- &1 Ramp active

- 41 Status of input target
-4 Status of input zero
-] Error

&1 Sync error

- 1 TxPDO Toggle

- %1 ENC Status compact

- @l PTO Control

- @l PTO Target compact

H

H}

H

-l ENC Control compact
-8 WrcState
-4 InfoData

oy O e OO ey O e O ey OO

E]|

YO
L Devices
== Devicel (EtherCAT)

“B Image

*B Image-Info

2 SyncUnits
Inputs

B Outputs

[ InfoData

[i Term1 (EK1100)

. [ InfoData

4 'j Term 2 (EL2521)

4 PTO Status
a4  #l Status
#1 Sel. Ack/End counter
Ramp active
Status of input target
Status of input zero
Error

oMWW

Sync error

#1 TxPDO Toggle
o EMC Status compact
- [ PTO Control
> W PTO Target compact
» [ ENC Control compact
- [ WcState
- [ InfoData

Fig. 111: EtherCAT terminal in the TwinCAT tree (left: TwinCAT 2; right: TwinCAT 3)
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6.2.6 ONLINE configuration creation

Detecting/scanning of the EtherCAT device

The online device search can be used if the TwinCAT system is in CONFIG mode. This can be indicated by
a symbol right below in the information bar:

+ on TwinCAT 2 by a blue display “Config Mode” within the System Manager window: SSfislubis]
» on TwinCAT 3 within the user interface of the development environment by a symbol 7

TwinCAT can be set into this mode:

* TwinCAT 2: by selection of ) in the Menubar or by “Actions” — “Set/Reset TwinCAT to Config
Mode...”

» TwinCAT 3: by selection of E3 in the Menubar or by , TwinCAT* — “Restart TwinCAT (Config Mode)*

® Online scanning in Config mode

The online search is not available in RUN mode (production operation). Note the differentiation be-
tween TwinCAT programming system and TwinCAT target system.

The TwinCAT 2 icon ( . ] ) or TwinCAT 3 icon ( L] ) within the Windows-Taskbar always shows the
TwinCAT mode of the local IPC. Compared to that, the System Manager window of TwinCAT 2 or the user
interface of TwinCAT 3 indicates the state of the target system.

TwinCAT 2.x .:.‘._'r'f-:-:l Smimanager TWI” CAT targ et System mod fa

|Local (192.165.0.20.1.1

__,@ 0:36 | 4—— Windows-Taskbar ——p» 0| = JO N
"""‘--._,_‘ g

TwinCAT local system mode

Fig. 112: Differentiation local/target system (left: TwinCAT 2; right: TwinCAT 3)

Right-clicking on “I/O Devices” in the configuration tree opens the search dialog.

4 Fro
2 Devices| 3 pqd New ltem.. Ctrl+ Shift+ A
ﬁ:l Mappin| o .
[ Add Existing Item... Shift+Ali+A

ﬂ SYSTEM - Cenfiguration
..JB NC - Configural’

; - ;
B PLC - Configur; & Append Device..

EI! /O - Configura) i« 1mport Device...
M 11/0 Devices | Export EAP Config File

|
I
I
|
I
I
|
I
g8 Mappings ﬂm‘ *{ Scan
I
I
|
I
I
|

L,
aste Ctrl+V
BB Paste with Links Alt+ Ctrl+V

4 Paste Chrl+V

Paste with Links

Fig. 113: Scan Devices (left: TwinCAT 2; right: TwinCAT 3)

This scan mode attempts to find not only EtherCAT devices (or Ethernet ports that are usable as such), but
also NOVRAM, fieldbus cards, SMB etc. However, not all devices can be found automatically.

TwinCAT em Manager
Syst = @ Microsoft Visual Studio @

y I\ HINT: Not all types of devices can be found automatically HIMT: Mot all types of devices can be found automatically

[ ok || cancel | | ok ][ cancl

Fig. 114: Note for automatic device scan (left: TwinCAT 2; right: TwinCAT 3)
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Ethernet ports with installed TwinCAT real-time driver are shown as “RT Ethernet” devices. An EtherCAT
frame is sent to these ports for testing purposes. If the scan agent detects from the response that an
EtherCAT slave is connected, the port is immediately shown as an “EtherCAT Device” .

-~ "

4 new I/ 0 devices found

[W|C =vice 1 [EtherCAT)

Device 3 [EtherCAT]  [Local Area Connection [TwinCAT -Intel PCl Ethernet &)
[ Device 2 [IUSE) Cancel
Device 4 [MOV/DP-RAM)

1]

Select All

DERE

Unzelect Al

Fig. 115: Detected Ethernet devices

Via respective checkboxes devices can be selected (as illustrated in Fig. “Detected Ethernet devices” e.qg.
Device 3 and Device 4 were chosen). After confirmation with “OK” a device scan is suggested for all selected
devices, see Fig.: “Scan query after automatic creation of an EtherCAT device”.

@® Selecting the Ethernet port

1 Ethernet ports can only be selected for EtherCAT devices for which the TwinCAT real-time driver is
installed. This has to be done separately for each port. Please refer to the respective installation

page [»_79].

Detecting/Scanning the EtherCAT devices

® Online scan functionality

1 During a scan the master queries the identity information of the EtherCAT slaves from the slave
EEPROM. The name and revision are used for determining the type. The respective devices are lo-
cated in the stored ESI data and integrated in the configuration tree in the default state defined
there.

Name
1
(EL2E21-0025-1018)

—
Revision

Fig. 116: Example default state

NOTE

Slave scanning in practice in series machine production

The scanning function should be used with care. It is a practical and fast tool for creating an initial configu-
ration as a basis for commissioning. In series machine production or reproduction of the plant, however, the
function should no longer be used for the creation of the configuration, but if necessary for comparison
[»_100] with the defined initial configuration.Background: since Beckhoff occasionally increases the revision
version of the delivered products for product maintenance reasons, a configuration can be created by such
a scan which (with an identical machine construction) is identical according to the device list; however, the
respective device revision may differ from the initial configuration.

Example:

Company A builds the prototype of a machine B, which is to be produced in series later on. To do this the
prototype is built, a scan of the 10 devices is performed in TwinCAT and the initial configuration ‘B.tsm’ is

created. The EL2521-0025 EtherCAT terminal with the revision 1018 is located somewhere. It is thus built
into the TwinCAT configuration in this way:
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General | EtherCAT | nCc I Process Data | Startup | CoE - Online | Online|

Type: ELZ2521-0025 1Ch. Pulse Train 24V DC Output negative

Product/Revision:  EL2521-00251018)(09133052 / 0¥a0013)

Fig. 117: Installing EthetCAT terminal with revision -1018

Likewise, during the prototype test phase, the functions and properties of this terminal are tested by the
programmers/commissioning engineers and used if necessary, i.e. addressed from the PLC ‘B.pro’ or the
NC. (the same applies correspondingly to the TwinCAT 3 solution files).

The prototype development is now completed and series production of machine B starts, for which Beckhoff
continues to supply the EL2521-0025-0018. If the commissioning engineers of the series machine production
department always carry out a scan, a B configuration with the identical contents results again for each
machine. Likewise, A might create spare parts stores worldwide for the coming series-produced machines
with EL2521-0025-1018 terminals.

After some time Beckhoff extends the EL2521-0025 by a new feature C. Therefore the FW is changed,
outwardly recognizable by a higher FW version and a new revision -1019. Nevertheless the new device
naturally supports functions and interfaces of the predecessor version(s); an adaptation of ‘B.tsm’ or even
‘B.pro’ is therefore unnecessary. The series-produced machines can continue to be built with ‘B.tsm’ and
‘B.pro’; it makes sense to perform a comparative scan [P 100] against the initial configuration ‘B.tsm’ in order
to check the built machine.

However, if the series machine production department now doesn’t use ‘B.tsm’, but instead carries out a
scan to create the productive configuration, the revision -1019 is automatically detected and built into the
configuration:

General | EtherCAT |DE I Process Data | Startup | CoE - Online |

Type: EL2521-0025 1Ch. Pulse Train 24V DC Output r

Product/Revision:  EL2521-002501019)(05453052 / 0¥b0015)

Fig. 118: Detection of EtherCAT terminal with revision -1019

This is usually not noticed by the commissioning engineers. TwinCAT cannot signal anything either, since
virtually a new configuration is created. According to the compatibility rule, however, this means that no
EL2521-0025-1018 should be built into this machine as a spare part (even if this nevertheless works in the
vast majority of cases).

In addition, it could be the case that, due to the development accompanying production in company A, the
new feature C of the EL2521-0025-1019 (for example, an improved analog filter or an additional process
data for the diagnosis) is discovered and used without in-house consultation. The previous stock of spare
part devices are then no longer to be used for the new configuration ‘B2.tsm’ created in this way.p if series
machine production is established, the scan should only be performed for informative purposes for
comparison with a defined initial configuration. Changes are to be made with care!

If an EtherCAT device was created in the configuration (manually or through a scan), the 1/O field can be
scanned for devices/slaves.

TwinCAT System Manager = Microsoft Visual Studio X

Fig. 119: Scan query after automatic creation of an EtherCAT device (left: TwinCAT 2; right: TwinCAT 3)
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A 1/0 - Configuration | s /0
=B /O Devices : 4 "% Devices
[ — —_ =
= L = Append Box.. [ » |7 Devicel (EtherCAT) (o9 4 4 Mew Ttem... Ctrl+Shift+ A
=+ Device 3 (EtherCAT) | > = Device 2 (EtherCAT) - :
_ - - : (] Add Existing Item. Shift+Alt+A
..... g Mappings | @ Mappings
| >( Dermmie Mel
[N |
| " Scan
& Cut Ctrl+X |
- . |
|
! e _sscpEiUSiL Fidjee
‘ Change Netld... | = Disable
|

Fig. 120: Manual triggering of a device scan on a specified EtherCAT device (left: TwinCAT 2; right:
TwinCAT 3)

In the System Manager (TwinCAT 2) or the User Interface (TwinCAT 3) the scan process can be monitored
via the progress bar at the bottom in the status bar.

| Scanning... [ N r=mote-PLE [123 45 67.85.1.1]

Fig. 121: Scan progressexemplary by TwinCAT 2

The configuration is established and can then be switched to online state (OPERATIONAL).

TwinCAT System Manager =3 Micresoft Visual Studio 23

Fig. 122: Config/FreeRun query (left: TwinCAT 2; right: TwinCAT 3)

In Config/FreeRun mode the System Manager display alternates between blue and red, and the EtherCAT
device continues to operate with the idling cycle time of 4 ms (default setting), even without active task (NC,
PLC).

TwinCAT 2.x | TwinCAT 3.x
oggling g . toggling
[ Free Run REEEERLE Corig Mode | [«

Fig. 123: Displaying of “Free Run” and “Config Mode” toggling right below in the status bar

@ o % @)% (B Qlller ol
=

General EtherCAToggle Free Run State (Ctrl-F5)|

T | | 02w @@ e | |<Loca|> -| =

Fig. 124: TwinCAT can also be switched to this state by using a button (left: TwinCAT 2; right: TwinCAT 3)

The EtherCAT system should then be in a functional cyclic state, as shown in Fig. “Online display example”.
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-l SYSTEM - Configuration
... NC - Configuration

! PLC - Cenfiguration
B. /O - Cenfiguration
=B /O Devices

s
-t- Device 3-Image

-I- Device 3-Image-Info
- &7 Inputs
-l Outputs
-4 InfoData
Ij Term 1 (EK1100)

‘ InfoData

7B Term 2 (EL2008)
Term 3 (EL3751)
Term 4 (EL2521-0024)
Term 5 (EL9011)

- Eg Mappings

Fig. 125: Online display example

Please note:

« all slaves should be in OP state

| General | Adapter | EthercAT |[Oniine || CoE - Oniine
Mo Addr  MName State CRC
1 1001 Temn 1 (EK1100) o 0.0
B2 1002 Tem 2 (EL2008) op 0.0
" 3 1003 Tem 3(EL37SV) SAFEOP 0.0
B4 1004 Tem 4 (EL2521-D024) oP 0
1 | i} | F
Actual State: Counter Cyclic Gueued
[ Init | [PreOp | [SafeOp| [ Op | | Send Frames 47718+ 6791
[ Clear CRC ] [ Clear Frames ] [fremes /sec 43 = 3
Lost Frames 1] + 0
T/Rx Emors 0 /0
1| mn | 3

» the EtherCAT master should be in “Actual State” OP
» “frames/sec” should match the cycle time taking into account the sent number of frames

* no excessive “LostFrames” or CRC errors should occur

The configuration is now complete. It can be modified as described under manual procedure [»_90].

Troubleshooting

Various effects may occur during scanning.

* An unknown device is detected, i.e. an EtherCAT slave for which no ESI XML description is available.
In this case the System Manager offers to read any ESI that may be stored in the device. This case is
described in the chapter "Notes regarding ESI device description”.

* Device are not detected properly

Possible reasons include:

- faulty data links, resulting in data loss during the scan
- slave has invalid device description
The connections and devices should be checked in a targeted manner, e.g. via the emergency scan.

Then re-run the scan.

Elﬁ I} Devices

Sl Ci=vice < (EtherCAT)
-I- Device 4-Image
== Device 4-Image-Info
EEI---%T Inputs

- @) outputs

H-§ InfoData

|_|:|i Box 1 (P30165940 R59302651)

Fig. 126: Faulty identification

In the System Manager such devices may be set up as EKO000 or unknown devices. Operation is not

possible or meaningful.

EL37x2
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Scan over existing Configuration

Change of the configuration after comparison

With this scan (TwinCAT 2.11 or 3.1) only the device properties vendor (manufacturer), device name and
revision are compared at present! A ‘ChangeTo’ or ‘Copy’ should only be carried out with care, taking into
consideration the Beckhoff IO compatibility rule (see above). The device configuration is then replaced by
the revision found; this can affect the supported process data and functions.

If a scan is initiated for an existing configuration, the actual I/O environment may match the configuration
exactly or it may differ. This enables the configuration to be compared.

TwinCAT System Manager

e
Configuration is identical
k.

Microsoft Visual Studic

e

Configuration is identical
"

Fig. 127: Identical configuration (left: TwinCAT 2; right: TwinCAT 3)

If differences are detected, they are shown in the correction dialog, so that the user can modify the

configuration as required.

Chec Configuration |
Fousd Ihems: Disabie » | Configurad llems:
2@ Tem3[ERT00) [EK1100-0000-0017] s = @ Temd [EK1100] [EK1100-0000-0017]
LB TewnB[ELS10T) [ELS101-0000-1079] S LB Tewn 2 [ELS10M] [ELS101-0000-1019]
B Tem7 [EL2521) [EL2521-00001079) Dialete » M TemS5[EL2521) [EL2521-00001016)
M Team B EL3351) (EL3351-0000-0006) L Tem 4 [ELA0TT)
LB Teim 9 [ELSO)
» Copy Befoe » I
> Copy Altes »
» Change la >
>3 Copyp A1 23 I
(04
| Comel |
Fig. 128: Correction dialog
It is advisable to tick the “Extended Information” check box to reveal differences in the revision.
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Colour Explanation

green This EtherCAT slave matches the entry on the other side. Both type and revision match.

blue This EtherCAT slave is present on the other side, but in a different revision. This other
revision can have other default values for the process data as well as other/additional
functions.

If the found revision is higher than the configured revision, the slave may be used provided
compatibility issues are taken into account.

If the found revision is lower than the configured revision, it is likely that the slave cannot be
used. The found device may not support all functions that the master expects based on the
higher revision number.

light blue This EtherCAT slave is ignored (“Ignore” button)
red » This EtherCAT slave is not present on the other side.
« ltis present, but in a different revision, which also differs in its properties from the one
specified.

The compatibility principle then also applies here: if the found revision is higher than the
configured revision, use is possible provided compatibility issues are taken into account,
since the successor devices should support the functions of the predecessor devices.

If the found revision is lower than the configured revision, it is likely that the slave cannot
be used. The found device may not support all functions that the master expects based on
the higher revision number.

Device selection based on revision, compatibility

The ESI description also defines the process image, the communication type between master and
slave/device and the device functions, if applicable. The physical device (firmware, if available) has
to support the communication queries/settings of the master. This is backward compatible, i.e.
newer devices (higher revision) should be supported if the EtherCAT master addresses them as an
older revision. The following compatibility rule of thumb is to be assumed for Beckhoff EtherCAT
Terminals/ Boxes/ EJ-modules:

i o

device revision in the system >= device revision in the configuration

This also enables subsequent replacement of devices without changing the configuration (different
specifications are possible for drives).

Example:

If an EL2521-0025-1018 is specified in the configuration, an EL2521-0025-1018 or higher (-1019, -1020) can
be used in practice.

Name
1
(EL2E21-0025-1018)

| B

Revision

Fig. 129: Name/revision of the terminal

If current ESI descriptions are available in the TwinCAT system, the last revision offered in the selection
dialog matches the Beckhoff state of production. It is recommended to use the last device revision when
creating a new configuration, if current Beckhoff devices are used in the real application. Older revisions
should only be used if older devices from stock are to be used in the application.

In this case the process image of the device is shown in the configuration tree and can be parameterised as
follows: linking with the task, CoE/DC settings, plug-in definition, startup settings, ...
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Fousd Items: Disable s | Configured liems:

(2 [ Tem3EKIT00) [EKI100-0000-0017] r—— (= [ Tem1(EKT100) [EK1100-0000-0017]
B Ten 6 ELS10M) [ELS101-0000-1019) e B Ten 2 ELSI0N) JELS101-0000-1019)
B Tem7 [EL2521) [EL2521-00001079) Dalete » B Ten 5 [EL2521) [EL2521-0000-101E)
(M Tem8[EL3351) (EL3351-0000-0016] M Tem B [EL3351)
S Team 9 ELSDTT) S Teim 4 EL90T1)

>l'.‘nwEHue>|

> Copy After >

¥ Change lo >

»»> Copp &1 »»

Ui

[¥ | Estended Informalion

Fig. 130: Correction dialog with modifications

Once all modifications have been saved or accepted, click “OK” to transfer them to the real *.tsm
configuration.

Change to Compatible Type

TwinCAT offers a function “Change to Compatible Type...” for the exchange of a device whilst retaining the
links in the task.

: . = Device 1 (EtherCA
- Devicel (EtherCAT | # Devicel (EherCAT
; I bl DriveZ(AXSlUl—UUUU—UUll)| 1 Add Newltem S .
EI i}] Box1 (A}(Sll)l -0000-0011) I N AT I .
Tneart M
» [ MDT
i I B WeState & wizdlie
I » [ InfoData Change to Compatible Type... R
- § InfoData ‘ Change to Compatible Type... I Add o HotConnect group
Add to Hot Connect Groups... S
1

Fig. 131: Dialog “Change to Compatible Type...” (left: TwinCAT 2; right: TwinCAT 3)

This function is preferably to be used on AX5000 devices.

Change to Alternative Type

The TwinCAT System Manager offers a function for the exchange of a device: Change to Alternative Type

2 Term 1 (EK1100)
- InfoData

08l Term 2 (EL1202)

By Append Box...

Change to Compatible iy

Add te Hot Connect Groups...

Change to Alternative Type 4 EL1202-0100 2Ch. Fast Dig. Input 24V, 1ps, DC Latch i

Fig. 132: TwinCAT 2 Dialog Change to Alternative Type
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If called, the System Manager searches in the procured device ESI (in this example: EL1202-0000) for
details of compatible devices contained there. The configuration is changed and the ESI-EEPROM is
overwritten at the same time — therefore this process is possible only in the online state (ConfigMode).

6.2.7 EtherCAT subscriber configuration

In the left-hand window of the TwinCAT 2 System Manager or the Solution Explorer of the TwinCAT 3
Development Environment respectively, click on the element of the terminal within the tree you wish to
configure (in the example: EL3751 Terminal 3).

TwinCAT 2 TwinCAT 3:

=5 IIGEIGESY] @ -- 4 [ Term3(EL3751)| <@— doubleclick on the terminals element opens properties with several tabs —I

&1 PAI Status 5 PAI Status
i %1 PAI Samples1 5 PAI Samples1 +
&1 PAI Timestamp 5 PAI Timestamp
: ‘ WeState [ WcState “ General | EtherCAT I Settings I DC | Process Data I Startup I CoE - Online | Diag Histony I Online|
‘ InfoData > [H InfoData

Fig. 133: Branch element as terminal EL3751

In the right-hand window of the TwinCAT System manager (TwinCAT 2) or the Development Environment
(TwinCAT 3), various tabs are now available for configuring the terminal. And yet the dimension of
complexity of a subscriber determines which tabs are provided. Thus as illustrated in the example above the
terminal EL3751 provides many setup options and also a respective number of tabs are available. On the
contrary by the terminal EL1004 for example the tabs "General", "EtherCAT", "Process Data" and “Online*
are available only. Several terminals, as for instance the EL6695 provide special functions by a tab with its
own terminal name, so “EL6695” in this case. A specific tab “Settings” by terminals with a wide range of
setup options will be provided also (e.g. EL3751).

»General“ tab

Allgernein |Etherlf.f-‘-.T I Prozeszsdaten I Startupl CoE - I:Inlinel I:Inlinel

Hame: |Klemme & (EL5001] i [6

Tup: IELEEIEI'I 1F. 551 Encoder

E.ommentar; ;I
[ Dizabled Sumbole erzeugen [T

Fig. 134: “General” tab

Name Name of the EtherCAT device

Id Number of the EtherCAT device

Type EtherCAT device type

Comment Here you can add a comment (e.g. regarding the
system).

Disabled Here you can deactivate the EtherCAT device.

Create symbols Access to this EtherCAT slave via ADS is only

available if this control box is activated.
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,»EtherCAT* tab

&llgemein  EtherCAT |F'ru:uzessdaten I Startupl CoE -I:Inlinel Dnlinel

Tup: |EL5001 1K, 551 Encoder

Produkt / B evizion; IELEEIEI'I -0000-0000

Auto nc-Adresse: IFFFB
EtherCaT-Adesse: [ I'IEIEIE 3:

wieitere Einztellungen. .. |

Yorganger-Part: IKIemme A [ELROOT]- B

btk A e, beck hoff, dedgermanddefault him ?E therCAT AE LEO0T . htm

Fig. 135: ,EtherCAT" tab

Type
Product/Revision
Auto Inc Addr.

EtherCAT Addr.

Previous Port

Advanced Settings

EtherCAT device type
Product and revision number of the EtherCAT device

Auto increment address of the EtherCAT device. The
auto increment address can be used for addressing
each EtherCAT device in the communication ring
through its physical position. Auto increment
addressing is used during the start-up phase when
the EtherCAT master allocates addresses to the
EtherCAT devices. With auto increment addressing
the first EtherCAT slave in the ring has the address
0000,,,. For each further slave the address is
decremented by 1 (FFFF,.,, FFFE,., etc.).

Fixed address of an EtherCAT slave. This address is
allocated by the EtherCAT master during the start-up
phase. Tick the control box to the left of the input field
in order to modify the default value.

Name and port of the EtherCAT device to which this
device is connected. If it is possible to connect this
device with another one without changing the order of
the EtherCAT devices in the communication ring,
then this combination field is activated and the
EtherCAT device to which this device is to be
connected can be selected.

This button opens the dialogs for advanced settings.

The link at the bottom of the tab points to the product page for this EtherCAT device on the web.

“Process Data” tab

Indicates the configuration of the process data. The input and output data of the EtherCAT slave are
represented as CANopen process data objects (Process Data Objects, PDOs). The user can select a PDO
via PDO assignment and modify the content of the individual PDO via this dialog, if the EtherCAT slave

supports this function.
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.-'-‘-.Ilgemeinl EtherCAT  Prozeszdaten |Startup| CoE -I:Inlinel Dnlinel

Sync-b anager;

PDO-Liste;

PDO-Zuardnung [1=1C13]:

FOO-nhalt (0x1.A00):

Shd | Size | Type | Flags | e | Size | I ame | Flags | Shd | SL||
1] 246 kdbm Ot 01400 5.0 Channel1 F 3 1]

1 246 kbl

2 n Cutputs

3 ] |npLitz

[w] 01,400

| e | Size | [ffs | I arne | Type |

0x3101:M 1.0 00  Status  BYTE
0z3101:02 40 1.0  Value  UDINT
5.0

— Dawnload

¥ PDO-Zuoidnung
¥ PDO-Konfiguration

Lade PDO-Info aus dem Gerat

Sync-Unit-Z2uordnung...

Fig. 136: “Process Data” tab

The process data (PDOs) transferred by an EtherCAT slave during each cycle are user data which the

application expects to be updated cyclically or which are sent to the slave. To this end the EtherCAT master
(Beckhoff TwinCAT) parameterizes each EtherCAT slave during the start-up phase to define which process
data (size in bits/bytes, source location, transmission type) it wants to transfer to or from this slave. Incorrect
configuration can prevent successful start-up of the slave.

For Beckhoff EtherCAT EL, ES, EM, EJ and EP slaves the following applies in general:

» The input/output process data supported by the device are defined by the manufacturer in the ESI/ XML
description. The TwinCAT EtherCAT Master uses the ESI description to configure the slave correctly.

» The process data can be modified in the system manager. See the device documentation.
Examples of modifications include: mask out a channel, displaying additional cyclic information, 16-bit
display instead of 8-bit data size, etc.

 In so-called “intelligent” EtherCAT devices the process data information is also stored in the CoE
directory. Any changes in the CoE directory that lead to different PDO settings prevent successful
startup of the slave. It is not advisable to deviate from the designated process data, because the
device firmware (if available) is adapted to these PDO combinations.

If the device documentation allows modification of process data, proceed as follows (see Figure “Configuring
the process data”).

» A: select the device to configure

* B:in the “Process Data” tab select Input or Output under SyncManager (C)
D: the PDOs can be selected or deselected

* H: the new process data are visible as linkable variables in the system manager

The new process data are active once the configuration has been activated and TwinCAT has been
restarted (or the EtherCAT master has been restarted)

» E:if a slave supports this, Input and Output PDO can be modified simultaneously by selecting a so-
called PDO record (“predefined PDO settings”).

EL37x2
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icfm Device 4-Image

=$= Device 4-Image-Infg
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[S_l,lnc it Azzignment. .
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&l value ¥ 0x0003 <0,001% T 2.0 40,0 Input 0
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Fig. 137: Configuring the process data

i

Manual modification of the process data

According to the ESI description, a PDO can be identified as “fixed” with the flag “F” in the PDO
overview (Fig. “Configuring the process data”, J). The configuration of such PDOs cannot be
changed, even if TwinCAT offers the associated dialog (“Edit”). In particular, CoE content cannot be
displayed as cyclic process data. This generally also applies in cases where a device supports
download of the PDO configuration, “G”. In case of incorrect configuration the EtherCAT slave usu-
ally refuses to start and change to OP state. The System Manager displays an “invalid SM cfg” log-
ger message: This error message (“invalid SM IN cfg” or “invalid SM OUT cfg”) also indicates the
reason for the failed start.

A detailed description [P 111] can be found at the end of this section.

»Startup“ tab

The Startup tab is displayed if the EtherCAT slave has a mailbox and supports the CANopen over EtherCAT
(CoE) or Servo drive over EtherCAT protocol. This tab indicates which download requests are sent to the
mailbox during startup. It is also possible to add new mailbox requests to the list display. The download
requests are sent to the slave in the same order as they are shown in the list.
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.-'-‘-.Ilgemeinl EtherCAT I Prozessdaten  Startup | CoE - Dnlinel Dnlinel

Tranzition | Pratacal | |ndes | [rata | Comrment |

PS> CoE O:1C12:00  0=00[0) clear zm pdozs [x1C12]

<PS: CoE O1C13:00 =00 [0 clear zm pdoz [0=x1C13)

<PS» CoE Q01307 Ox1AOD [BERE]  download pdo 010712307 index

<PS» CoE 0101300 001 (1) download pdo 0«1C13 count
flowe g M awe Down MHew... Lozchen... Edit...

Fig. 138: ,Startup“ tab

Column Description
Transition Transition to which the request is sent. This can either be
+ the transition from pre-operational to safe-operational (PS), or
« the transition from safe-operational to operational (SO).
If the transition is enclosed in "<>" (e.g. <PS>), the mailbox request is fixed and cannot be
modified or deleted by the user.
Protocol Type of mailbox protocol
Index Index of the object
Data Date on which this object is to be downloaded.
Comment Description of the request to be sent to the mailbox
Move Up This button moves the selected request up by one
position in the list.
Move Down This button moves the selected request down by one
position in the list.
New This button adds a new mailbox download request to
be sent during startup.
Delete This button deletes the selected entry.
Edit This button edits an existing request.

“CoE — Online” tab

The additional CoE - Online tab is displayed if the EtherCAT slave supports the CANopen over EtherCAT
(CoE) protocol. This dialog lists the content of the object list of the slave (SDO upload) and enables the user
to modify the content of an object from this list. Details for the objects of the individual EtherCAT devices can
be found in the device-specific object descriptions.

EL37x2
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.-'-‘-.Ilgemeinl EtherCaT I Prazeszdaten I Statup  CoE - Online |I:Inline|

Update List | [T Auto Update
Advanced.. | [enObjects
| nides: | M amne | Flags | ek
1000 Device type RO Q=00000000 [0
1008 Device name RO ELBO07T-0000
1009 Hardware wersion RO WO0.01
100, Software verzion RO WO0.07
=-1011:0 Restore default parame... R *1<
1M1:M  Restore all R I}
= 1an | dentity object RO 4
1018:01 Yendorid RO 000000002 [2)
1018:02 Product code RO 0413853052 [327757906)
1M&:03 Revizion number RO O=00000000 [0
1304 Senal nurmber RO Q=00000007 1]
= 1400:0 T«PDO 001 mapping RO e
140007 Subindex 001 RO 0+3101:01, &8
1A400:02 Subindex 002 RO 0310102, 32
= 1C00:0 Sk type RO 4
1C00:07  Subindex 001 RO 001 1]
1C00:02  Subindes 002 RO 002 [2]
1C00:03 Subindex 003 RO 003 [3)
1C00:04  Subindes 004 RO 004 [4]
= 1C130 Sk 3 PDO azsign [inputs] B 1<
101301 Subindex 001 R 01,400 [BE5E)
= 3101:0 | nputs ROP 22
307:01 Status ROFP  Ox41 [B5)
301:02 Walue ROFP  Ox00000000 [0)
= d4061:0 Feature bits R »d g
4061:01  dizable frarme ermar Rt FAaLSE
4067:02  enbale power failure Bit R FalLSE
4061:03  enable inhibit time R FALSE
4067:04  enable test mode R FALSE
4066 55l-coding Rl Gray code [1]
4067 551-baudrate R 500 kBaud [3)
4063 551-frame type R ke Laltiturn 25 bit [0]
4063 S51-frame zize R 0=007119 [25]
406, Data length R 000718 [24)
40ER ki, inhibit time[ps] R (0000 [0)

Fig. 139: “CoE — Online” tab

Object list display

Column |Description

Index Index and sub-index of the object

Name Name of the object

Flags RW  |The object can be read, and data can be written to the object (read/write)
RO The object can be read, but no data can be written to the object (read only)
P An additional P identifies the object as a process data object.

Value Value of the object

Update List The Update list button updates all objects in the displayed list

Auto Update

If this check box is selected, the content of the objects is updated automatically.

Advanced The Advanced button opens the Advanced Settings dialog. Here you can specify
which objects are displayed in the list.
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Advanced Settings Ed

Dictionary

' Online - via 500 Information

All Objects

M appable Objects [R«PDO]
t appable Objectz [TxPDO]
Backup Objects

Settings Objects

= Offline - wia ED'S File

| Browse, . |
ok | .-“-‘-.I::I::reu:henl

Fig. 140: Dialog “Advanced settings”

Online - via SDO Information If this option button is selected, the list of the objects included in the object
list of the slave is uploaded from the slave via SDO information. The list
below can be used to specify which object types are to be uploaded.

Offline - via EDS File If this option button is selected, the list of the objects included in the object
list is read from an EDS file provided by the user.

,Online“ tab

.ﬁ.llgemeinl EtherE.-‘i‘-.TI Frozezzdaten I Startupl CoE - Orline  Online |

— Status-tazchine

[ it | Bootstrap |
aktueller Statuz: IEIF'
Pre-0p | Safe-Op |
angeforderter Status: IEIF'
Op | Fehler lozchen |
— DLL-Status

Port & Il:arrier # Open

Part B: IEarrier £ Open

Foart I IN::: Carmier # Clozed

Foart [0 IN::: Carier / Open

~ File access over EtherCAT

Drawnload... I IJpload...

Fig. 141: ,Online” tab
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State Machine

Init This button attempts to set the EtherCAT device to the Init state.

Pre-Op This button attempts to set the EtherCAT device to the pre-operational state.
Op This button attempts to set the EtherCAT device to the operational state.
Bootstrap This button attempts to set the EtherCAT device to the Bootstrap state.
Safe-Op This button attempts to set the EtherCAT device to the safe-operational state.
Clear Error This button attempts to delete the fault display. If an EtherCAT slave fails during

change of state it sets an error flag.

Example: An EtherCAT slave is in PREOP state (pre-operational). The master now
requests the SAFEOP state (safe-operational). If the slave fails during change of state
it sets the error flag. The current state is now displayed as ERR PREOP. When the
Clear Error button is pressed the error flag is cleared, and the current state is
displayed as PREOP again.

Current State Indicates the current state of the EtherCAT device.

Requested State Indicates the state requested for the EtherCAT device.

DLL Status

Indicates the DLL status (data link layer status) of the individual ports of the EtherCAT slave. The DLL status
can have four different states:

Status Description

No Carrier / Open  |No carrier signal is available at the port, but the port is open.

No Carrier / Closed |No carrier signal is available at the port, and the port is closed.

Carrier / Open A carrier signal is available at the port, and the port is open.

Carrier / Closed A carrier signal is available at the port, but the port is closed.

File Access over EtherCAT

Download With this button a file can be written to the EtherCAT device.
Upload With this button a file can be read from the EtherCAT device.

"DC" tab (Distributed Clocks)

General I EtherCATI Seftings DC | Process Data I Startup I CoE - Online I Diag Histnr'_.rl Online I

Operation Mode: IDC-Smchn:un (input based) j

Advanced Settings... |

Fig. 142: "DC" tab (Distributed Clocks)

Operation Mode Options (optional):
* FreeRun
* SM-Synchron
* DC-Synchron (Input based)
» DC-Synchron

Advanced Settings... Advanced settings for readjustment of the real time determinant TwinCAT-
clock

Detailed information to Distributed Clocks are specified on http://infosys.beckhoff.com:

Fieldbus Components — EtherCAT Terminals — EtherCAT System documentation — EtherCAT basics —
Distributed Clocks

110 Version: 3.6 EL37x2


http://infosys.beckhoff.com

BEGKHUFF Commissioning

6.2.7.1 Detailed description of Process Data tab

Sync Manager

Lists the configuration of the Sync Manager (SM).

If the EtherCAT device has a mailbox, SMO is used for the mailbox output (MbxOut) and SM1 for the mailbox
input (MbxIn).

SM2 is used for the output process data (outputs) and SM3 (inputs) for the input process data.

If an input is selected, the corresponding PDO assignment is displayed in the PDO Assignment list below.

PDO Assignment

PDO assignment of the selected Sync Manager. All PDOs defined for this Sync Manager type are listed
here:

« If the output Sync Manager (outputs) is selected in the Sync Manager list, all RxPDOs are displayed.
+ If the input Sync Manager (inputs) is selected in the Sync Manager list, all TxPDOs are displayed.

The selected entries are the PDOs involved in the process data transfer. In the tree diagram of the System
Manager these PDOs are displayed as variables of the EtherCAT device. The name of the variable is
identical to the Name parameter of the PDO, as displayed in the PDO list. If an entry in the PDO assignment
list is deactivated (not selected and greyed out), this indicates that the input is excluded from the PDO
assignment. In order to be able to select a greyed out PDO, the currently selected PDO has to be deselected
first.

@® Activation of PDO assignment
1 v" If you have changed the PDO assignment, in order to activate the new PDO assignment,

a) the EtherCAT slave has to run through the PS status transition cycle (from pre-operational to
safe-operational) once (see Online tab [»_109]),

b) and the System Manager has to reload the EtherCAT slaves

&) — -
( =%| button for TWinCAT 2 or * button for TwinCAT 3)

PDO list

List of all PDOs supported by this EtherCAT device. The content of the selected PDOs is displayed in the
PDO Content list. The PDO configuration can be modified by double-clicking on an entry.

Column Description

Index PDO index.

Size Size of the PDO in bytes.
Name Name of the PDO.

If this PDO is assigned to a Sync Manager, it appears as a variable of the slave with this
parameter as the name.

Flags F Fixed content: The content of this PDO is fixed and cannot be changed by the
System Manager.
M Mandatory PDO. This PDO is mandatory and must therefore be assigned to a

Sync Manager! Consequently, this PDO cannot be deleted from the PDO
Assignment list

SM Sync Manager to which this PDO is assigned. If this entry is empty, this PDO does not take
part in the process data traffic.
SuU Sync unit to which this PDO is assigned.

PDO Content

Indicates the content of the PDO. If flag F (fixed content) of the PDO is not set the content can be modified.
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Download

If the device is intelligent and has a mailbox, the configuration of the PDO and the PDO assignments can be
downloaded to the device. This is an optional feature that is not supported by all EtherCAT slaves.

PDO Assignment

If this check box is selected, the PDO assignment that is configured in the PDO Assignment list is
downloaded to the device on startup. The required commands to be sent to the device can be viewed in the

Startup [»_106] tab.

PDO Configuration

If this check box is selected, the configuration of the respective PDOs (as shown in the PDO list and the
PDO Content display) is downloaded to the EtherCAT slave.

6.3 General Notes - EtherCAT Slave Application

This summary briefly deals with a number of aspects of EtherCAT Slave operation under TwinCAT. More
detailed information on this may be found in the corresponding sections of, for instance, the _EtherCAT
System Documentation.

Diagnosis in real time: WorkingCounter, EtherCAT State and Status

Generally speaking an EtherCAT Slave provides a variety of diagnostic information that can be used by the
controlling task.

This diagnostic information relates to differing levels of communication. It therefore has a variety of sources,
and is also updated at various times.

Any application that relies on 1/O data from a fieldbus being correct and up to date must make diagnostic
access to the corresponding underlying layers. EtherCAT and the TwinCAT System Manager offer
comprehensive diagnostic elements of this kind. Those diagnostic elements that are helpful to the controlling
task for diagnosis that is accurate for the current cycle when in operation (not during commissioning) are
discussed below.

A Application |—— Application error

V]
=
=
5 EtherCAT DevState
3 FiEELus —————" Diagnosis fieldbus/Master [—————">] FrmXwcState
g FrmXstate
o
i)
]
Diagnosis fieldbus/Slave :D WeState
EtherCAT

slave Fkt. Status

L \, Diagnosis function/Slave E
State

Fig. 143: Selection of the diagnostic information of an EtherCAT Slave

In general, an EtherCAT Slave offers
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« communication diagnosis typical for a slave (diagnosis of successful participation in the exchange of
process data, and correct operating mode)
This diagnosis is the same for all slaves.

as well as
 function diagnosis typical for a channel (device-dependent)
See the corresponding device documentation

The colors in Fig. “Selection of the diagnostic information of an EtherCAT Slave” also correspond to the
variable colors in the System Manager, see Fig. “Basic EtherCAT Slave Diagnosis in the PLC”.

Colour Meaning

yellow Input variables from the Slave to the EtherCAT Master, updated in every cycle

red Output variables from the Slave to the EtherCAT Master, updated in every cycle

green Information variables for the EtherCAT Master that are updated acyclically. This means that
it is possible that in any particular cycle they do not represent the latest possible status. It is
therefore useful to read such variables through ADS.

Fig. “Basic EtherCAT Slave Diagnosis in the PLC” shows an example of an implementation of basic
EtherCAT Slave Diagnosis. A Beckhoff EL3102 (2-channel analogue input terminal) is used here, as it offers
both the communication diagnosis typical of a slave and the functional diagnosis that is specific to a channel.
Structures are created as input variables in the PLC, each corresponding to the process image.

-f 1/O - Configuration B8 PLC - Configuration
=-E8 T/O Devices =-%¢ Demo
== Device 1 (EtherCAT) -I- Demo-Image
--=f= Device 1-Image =1 Standard
== Device 1-Image-Info =gt Inputs
- gt Inputs =& MAIN.astEL3102channels
A - §l Qutputs é---&r MAIN.astEL3102channels[1]
=& InfoData @T wStatus
=- Term 1 (EK1100) T wvalue
---. InfoData Iﬁ---&T MAIN.astEL3102channels[2]
=™ Term 2 (EL3102) o %! wstatus
= & Al Standard Channel 1 ot wvalue
--@T Status E-&T MAIN.StEL3103skaveDiag
B ot Value @T bwcState
= Al Standard Channel 2 —@p] Wotate
-1 Status £ g1 stAmsAdr
T Value =& netld
=-§ WcState %1 netld[0]
C - L%l WcState 4 I &1 netld[1]
=% ImoData | = _—— | i i %7 netid[2]
gfstae |~ | &7 nettd[3]
D =t AdsAddr | " | &1 netld[4]
g@tnetd [ %t netld[5]
----- &1 netld[0] - &1 port
----- %1 netld[1] - @l Outputs
----- %7 netld[2]
----- 1 netld[3]
----- %t netid[4]
----- 1 netId[5]
..... %l port

Fig. 144: Basic EtherCAT Slave Diagnosis in the PLC

The following aspects are covered here:
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Code Function Implementation Application/evaluation

A The EtherCAT Master's diagnostic infor- At least the DevState is to be evaluated for
mation the most recent cycle in the PLC.
updated acyclically (yellow) or provided The EtherCAT Master's diagnostic informa-
acyclically (green). tion offers many more possibilities than are

treated in the EtherCAT System Documenta-
tion. A few keywords:
* CoE in the Master for communication
with/through the Slaves
» Functions from TcEtherCAT.lib
* Perform an OnlineScan

B In the example chosen (EL3102) the Status In order for the higher-level PLC task (or cor-
EL3102 comprises two analogue input « the bit sianifications may be responding control applications) to be able to
channels that transmit a single function found in ?he device y rely on correct data, the function status must
status for the most recent cycle. documentation be evaluated there. Such information is

therefore provided with the process data for
+ other devices may supply |the most recent cycle.
more information, or none
that is typical of a slave

C For every EtherCAT Slave that has cyclic |WcState (Working Counter) In order for the higher-level PLC task (or cor-
process data, the Master displays, using 0: valid real-time communication in responding control applications) to be able to
what is known as a WorkingCounter, tHe last cvcle rely on correct data, the communication sta-
whether the slave is participating success- 4 tus of the EtherCAT Slave must be evaluated
fully and without error in the cyclic ex- 1. invalid real-time communication |there. Such information is therefore provided
change of process data. This important, el- This may possibly have effects on with the process data for the most recent cy-
ementary information is therefore provided the process data of other Slaves cle.
for the most recent cycle in the System that are located in the same Syn-

Manager cUnit
1. atthe EtherCAT Slave, and, with
identical contents
2. as a collective variable at the
EtherCAT Master (see Point A)
for linking.

D Diagnostic information of the EtherCAT State Information variables for the EtherCAT Mas-
Master which, while it is represented at the current Status (INIT..OP) of the ter that are updated acyclically. This means
slave for linking, is actually determined by Slave. The Slave ml'J'St be in OP that it is possible that in any particular cycle
the Master for the Slave concerned and (=8) V\}hen operating normall they do not represent the latest possible sta-
represented there. This information cannot P 9 v tus. It is therefore possible to read such vari-
be characterized as real-time, because it |AdsAddr ables through ADS.

 is only rarely/never changed, The ADS address is useful for
except when the system starts up  |communicating from the PLC/task
o . . via ADS with the EtherCAT Slave,
s itself determined acyclically (e.g. e.g. for reading/writing to the CoE.
EtherCAT Status) The AMS-NetID of a slave corre-
sponds to the AMS-NetID of the
EtherCAT Master; communication
with the individual Slave is possible
via the port (= EtherCAT address).

Diagnostic information

It is strongly recommended that the diagnostic information made available is evaluated so that the applica-
tion can react accordingly.

CoE Parameter Directory

The CoE parameter directory (CanOpen-over-EtherCAT) is used to manage the set values for the slave
concerned. Changes may, in some circumstances, have to be made here when commissioning a relatively
complex EtherCAT Slave. It can be accessed through the TwinCAT System Manager, see Fig. “EL3102,
CoE directory”.
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.Generall ETherCATl DC | Process Data' Startup CoE-Online |Dn|ine|

Update List [~ Auto Updste [+ Single Update [v
Advanced.. I
Add o stadup... IDiﬂine Data Module OD (Aol
Index Mame Flags Value
+-6010:0 Al Inputs Ch.2 RO =17
+- 6401:0 Channels RO »2<
=1 B000:0 Al Settings Ch.1 RwW >24 <
a000:01 Enable user scale RW FALSE
8000:02 Presentation RW Signed (0}
800005 Siemens bits RW FALSE
Enable filter FALSE
a000:07 Enable limit 1 RW FALSE
8000.08 Enable limit2 RwW FALSE
S000:04 Enable user calibration RW FALSE
8000-08 Enable vendor calibration  RW TRUE

Fig. 145: EL3102, CoE directory

® EtherCAT System Documentation

The comprehensive description in the EtherCAT System Documentation (EtherCAT Basics --> CoE
Interface) must be observed!

A few brief extracts:

* Whether changes in the online directory are saved locally in the slave depends on the device. EL
terminals (except the EL66xx) are able to save in this way.

« The user must manage the changes to the StartUp list.

Commissioning aid in the TwinCAT System Manager

Commissioning interfaces are being introduced as part of an ongoing process for EL/EP EtherCAT devices.
These are available in TwinCAT System Managers from TwinCAT 2.11R2 and above. They are integrated
into the System Manager through appropriately extended ESI configuration files.
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General | EtherCAT | Setiings | Process Data | Startup | CoE - Online | Online

Standard Butkons

[ Compare Type ] [Show Dev.Settings] [ Reset view ] [ Export... ] Run LED “ Run LED :
—_— Ty a— H :
Update View EEECEEN | ResetDeviee || Import.. | Em?[lﬁﬁm — :E{m[lﬁﬁ)z ;
- - EmrorLED3 ____ | mmm . FError LHM :
OFFLINE DC Diagnasis. . T 5 i
i~ :
L el
Channel 1 w Channel use 2-wire (D *R1 . . —*R2 i R
RTD element | PT100(-200..,850°C) (Default) w %
Presentation | Sl R(e=g=m(9) A R, .. —-R2 2 .
Power contact —s——__=_ Sl | ML g
L] Enable user scale Wser scale affset a 124V LRITRE 5 5
[I5er seale aain G5536 - .E
W3 —Rd L5l =
[C]Enable Lirmit 1 Limit 1 0 Power contact 0V -. . e i
[ The bits in are set in the input process data {status word) if the limit values are undershot or exceeded. e L
Bits in stabus word: SW.2, SW.3 . . R4 i (5’5’ "
20 The limit evaluation takes place after taking inko account the set characteristic curve and negative values, _me ha i4 (i
00=0: not active BECKHD : ;
B 01=1: Valua bigger than Limit value ——FF- : i 2-wire
10=2: Yalue smaller than Limit value
11=3: Val Lirnit wal . -
e Top view Contactassembly  Connection

Fig. 146: Example of commissioning aid for a EL3204

This commissioning process simultaneously manages
* CoE Parameter Directory
» DC/FreeRun mode
« the available process data records (PDO)
Although the "Process Data", "DC", "Startup" and "CoE-Online" that used to be necessary for this are still

displayed, it is recommended that, if the commissioning aid is used, the automatically generated settings are
not changed by it.

The commissioning tool does not cover every possible application of an EL/EP device. If the available setting
options are not adequate, the user can make the DC, PDO and CoE settings manually, as in the past.

EtherCAT State: automatic default behaviour of the TwinCAT System Manager and manual operation

After the operating power is switched on, an EtherCAT Slave must go through the following statuses
< INIT
« PREOP
+ SAFEOP
+ OP

to ensure sound operation. The EtherCAT Master directs these statuses in accordance with the initialization
routines that are defined for commissioning the device by the ES/XML and user settings (Distributed Clocks
(DC), PDO, CoE). See also the section on "Principles of Communication, EtherCAT State Machine [»_30]" in
this connection. Depending how much configuration has to be done, and on the overall communication,
booting can take up to a few seconds.

The EtherCAT Master itself must go through these routines when starting, until it has reached at least the
OP target state.

The target state wanted by the user, and which is brought about automatically at start-up by TwinCAT, can
be set in the System Manager. As soon as TwinCAT reaches the status RUN, the TwinCAT EtherCAT
Master will approach the target states.
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Standard setting

The advanced settings of the EtherCAT Master are set as standard:

o EtherCAT Master: OP
e Slaves: OP

This setting applies equally to all Slaves.

-8 SYSTEM - Configuration
18 NC - Configuration

@A PLC - Configuration
= 1/O - Configuration
=1-E@ 1/0 Devices
== Device 1 (EtherCAT)
== Device 1-Image
-=f= Device 1-Image-Info
-l Inputs
- §l Outputs
#-§ InfoData
= Term 1 (EK1100)
#-§ InfoData
..lﬂ Term 2 (EL3102)
=% Term 3 (EL6688)
g8 Mappings

‘General | Adapter EtherCAT |On|ine| CoE - Online

Metld:

|1{}.43.2.149.2_1

Advanced Settings...

Advanced Settings

|

%1.....[%1

I+

¥

F]

- State Machine

- Slave Settings
- Cyclic Frames

- Distributed Clocks

- EOE Support
- Redundancy

F

- Emergency
- Diagnosis

Fig. 147: Default behaviour of the System Manager

Master Settings

- Startup State
INIT!

" 'PREOP'
" 'SAFEOP'
@ 'OP'

[+ Stay at'PRE-OP' until
Sync Task started

In addition, the target state of any particular Slave can be set in the "Advanced Settings" dialogue; the

standard setting is again OP.

=B SYSTEM - Configuration
- B NC - Configuration
38 PLC - Configuration
= /0O - Configuration
=B 1/O Devices
| === Device 1 (EtherCAT)
E -I- Device 1-Image
== Device 1-Image-Info

Type:

Product/Revision:

Auto Inc Addr:

EtherCAT Addr. [ IIDDE E

'General EtherCAT |DC | Process Daia' Starh.lp] CnE~OnIina| Onlina|

|EL3'ID2 2Ch. Ana. Input+/-10V, Diff

[EL3102-0000-0017

FFFF

‘ Advanced Seftings...

-7 Inputs
i §l Outputs
H'I' Iﬂf’ODa'EI El GEI‘IEfEl
=8 Term 1 (EK1100) . FEr——
k- InfoData §cchavior e ————
: i - Timeout Settings
- Term2(EL3102) identfication [¥ CheckVendorId
©-¢8 Term 3 (EL6688) = . pmmu/sM [v Check Product Code
‘-gB Mappings I
: Ppng i lInrtO:hmmands [ Check Revision Number
- Mailbox

® Diistributed Clock

= ESC Acoess

[ Check Serial Numbe

[z}

r

State Maching
[+ Auto Restore States

[ WaitforWeState is Ok

[v| Log Communication Changes

[# Relnit after Communication Error

o I-Final State
[~ Check|denification ® OP (~ SAFEOP in Config Mode
(" SAFEOP (" PREOP U INIT
Fig. 148: Default target state in the Slave
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Manual Control

There are particular reasons why it may be appropriate to control the states from the application/task/PLC.
For instance:

« for diagnostic reasons
+ to induce a controlled restart of axes
* because a change in the times involved in starting is desirable

In that case it is appropriate in the PLC application to use the PLC function blocks from the TcEtherCAT.lib,
which is available as standard, and to work through the states in a controlled manner using, for instance,
FB_EcSetMasterState.

It is then useful to put the settings in the EtherCAT Master to INIT for master and slave.

Tclhtilities lib*31.1.17 14:11:32
TcEtherCAT lik 51010 12:25:58
= TANDARDLIE 5698 12:03:02

ISB austeine

"'DEDE Irterface
"'DEnnversiDn Functions
BT Distributed Clocks
"'DEtherL“.-'-‘-.T Cornrands
"'[:]Etherl_“.f-‘n.T Diagnostic
" B~ £ JEtherCAT State Machine I

""" =| FB_EcGetdllSlaveStates [FE)
FB_EcGettdazterState [FB]
FB_EcGetSlaveState [FB]
FB_EcReqgtdasterState [FE]
FB_EcFReqSlaveState [FB)
FB_EcSethd azterState [FE]
""" =| FE_EcSetSlaveState (FE)
[ TJFoE Interface

Fig. 149: PLC function blocks

Note regarding E-Bus current

EL/ES terminals are placed on the DIN rail at a coupler on the terminal strand. A Bus Coupler can supply the
EL terminals added to it with the E-bus system voltage of 5 V; a coupler is thereby loadable up to 2 A as a
rule. Information on how much current each EL terminal requires from the E-bus supply is available online
and in the catalogue. If the added terminals require more current than the coupler can supply, then power
feed terminals (e.g. EL9410) must be inserted at appropriate places in the terminal strand.

The pre-calculated theoretical maximum E-Bus current is displayed in the TwinCAT System Manager as a
column value. A shortfall is marked by a negative total amount and an exclamation mark; a power feed
terminal is to be placed before such a position.
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| Generall Adapter EtherCAT | (}nlinel CoE - Online

Netld: |1ﬂ.43.2.149.2.1 Advanced Settings...
Number Box Name Address | Type In Size | OutS...| E-Bus (..
i1 Term 1 (EK1100) 1001  EK1100
" 2 Term 2 (EL3102) 1002  EL3102 8.0 1830
" 3 Term 4 (EL2004) 1003  EL2004 0.4 1730
" 4 Term 5 (EL2004) 1004  EL2004 0.4 1630
"5 Term 6 (EL7031) 1005  EL7031 8.0 8.0 1510
"6 Term 7 (EL2808) 1006  EL2808 1.0 1400
"7 Term 8 (EL3602) 1007  EL3602 12.0 1210
"8 Term 9 (EL3602) 1008  EL3602 12.0 1020
"9 Term 10 (EL3602) 1009  EL3602 12.0 830
" 10 Term 11 (EL3602) 1010  EL3602 12.0 640
"1 Term 12 (EL3602) 1011  EL3602 12.0 450
" 12 Term 13 (EL3602) 1012 EL3602 12.0 260
" 13 Term 14 (EL3602) 1013 EL3602 12.0 70
M 14 Term 3 (EL6688) 1014  EL6688 22.0 240 !

Fig. 150: lllegally exceeding the E-Bus current

From TwinCAT 2.11 and above, a warning message "E-Bus Power of Terminal..." is output in the logger
window when such a configuration is activated:

Message
E-Bus Power of Terminal 'Term 3 (EL6688)' may to low (-240 mA) - please check!

Fig. 151: Warning message for exceeding E-Bus current

Caution! Malfunction possible!

The same ground potential must be used for the E-Bus supply of all EtherCAT terminals in a terminal block!
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6.4

Oversampling terminals and TwinCAT Scope

Generally input data of a terminal could be achieved by the scope either directly (via the activated ADS
server) or by creation of a PLC variable which is linked to the PDO of a terminal for recording them. Both
procedures will be explained for TwinCAT 3 (TC3) at first and for TwinCAT 2 (TC2) respectively.

Oversampling means that an analog or digital input device supplies not only one measured value for each
process data cycle/EtherCAT cycle (duration T), but several, which are determined at a constant interval

t <T. The ratio T/t is the oversampling factor n.

A channel thus offers not only one PDO for linking in the process data, as in the example here with the

EL3102, but n PDOs as in the case of the EL3702 and other oversampling terminals.

The definition of “oversampling” by the Beckhoff’s point of view shouldn’t be mixed up with the oversampling
process of a deltaSigma ADC:

» deltaSigma ADC: the frequency used by the ADC to sample the analogue signal is faster than a
multiple times than the frequency of the provided digital data (typically in kHz range). This is called
oversampling resulting by the functional principle of this converter type and serve amongst others for

anti-aliasing.

Beckhoff: the device/ the terminal read of the used ADC (could be a deltaSigma ADC also) digital
sample data n-times more than the PLC/ bus cycle time is set and transfers every sample to the control
— bundled as an oversampling PDO package.

For example these both procedures are arranged sequentially by their technical implementation within the
EL3751 and can also be present simultaneously.

EL3102 EL3702

Mame Type Size Mame Type Size

1 Status Status 4099 2.0 %! Chl CycleCount UINT 2.0

INT 20 T Chl Value INT 20

1 Status Status 4099 2.0 %l Chl Value INT 2.0

Wl Value INT 20 Wl Chl Value INT 2.0
%! Chl Value INT 2.0
%1 Chl Value INT 2.0
! Chl Value INT 2.0
%1 Chl Value INT 2.0
%1 Chl Value INT 2.0
%! Chl Value INT 2.0
%1 Chl Value INT 2.0
@1 Ch2 CycleCount UINT 20
1 Ch2 Value INT 2.0
%1 Ch2 Value INT 2.0
%! Ch2 Value INT 2.0
T Ch2 Value INT 2.0
Wl Ch2 Value INT 2.0
%! Ch2 Value INT 2.0
%1 Ch2 Value INT 2.0
! Ch2 Value INT 2.0
1 Ch2 Value INT 2.0
%1 Ch2 Value INT 2.0

Fig. 152: Oversampling PDO of the EL37xx series and in the comparison with EL31xx

Accordingly the Scope2 (TC2) or ScopeView (TC3) can read in and display several PDOs per cycle in
correct time.
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6.4.1 TwinCAT 3 procedure

From TwinCAT 3.1 build 4012 and using the revision as below specified in the configuration, the integrated
ScopeView recognizes in its variable browser that the oversampling data is an array package and activates
ForceOversampling automatically. The array as a whole must be selected using AddSymbol (see description
in the next section).The extended PDO name provides the basis for this. Since a specific revision of the
respective terminal ScopeView is able to detect the array type of a set of variables autonomous.

Terminal Revision

EL4732 all

EL4712 all

EL3783 EL3783-0000-0017
EL3773 EL3773-0000-0019
EL3751 all

EL3742 all

EL3702 all

EL3632 all

EL2262 all

EL1262-0050 all

EL1262 all

Recording a PLC Variable with the TwinCAT 3 — ScopeView

By a precondition of an already created TwinCAT 3 — project and a connected PLC with an oversampling
able terminal within the configuration it will be illustrated how an oversampling variable can be represented
by the Scope (as a standard part of the TwinCAT 3 environment). This will be explained by means of several
steps based on an example project “SCOPE_with_Oversampling“ as a standard PLC project.

Step 1: Adding a project ,,Scope YT“

The example project “SCOPE_with_Oversampling“ have to be added a TwinCAT Measurement — project
“Scope YT project” (C) by right click (A) and selection (B) “Add” — “New Project..”. Then “Scope for OS” will
be entered as name. The new project just appears within the solution explorer (D).
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Solution Bplorer . ]
1 PROGRAM MRIN
A Soltiop 'SCOPE with Oversamnlina' (1 nmiectl o« 0= 2 VAR
Y ha - Build Solution Ctrl+Shift+ B /# Linkable wariables for the scope
. all Samples AT$I* : ARRAY[0..2] OF INT;
> Rebuild Solution VAR
il A :
Clean Solution
4 o
Batch Build...
« |

Configuration Manager...

Project Dependencies...

Project Build Order...
e reer B ' Some codings here,,
Add et e Mew Project...
L? Add Solution to Source Control... Existing Project...
g Froj
4 Paste Ctrl+V MNew Web Site...
Rename Existing Web Site...
|_:f Open Folder in Windows Explorer 2 Mew Itern... Ctrl+Shift+A
Properties Alt+Enter 2 Existing Ttem... Shift+Alt+A
: New Solution Fold
4 PlcTask Inputs |JI e C
Add New Project
Recent Templates I.NI-_T Framework 4 - ] Sort by: [ “fault -
Installed Templates = T TwinCAT M
Empty Measurement Project ype: lwin easurement
4 TwinCAT Measurement Creates a Measure: |Solution Ex
plorer I x
4 Scope E SEpE Il includes a Scope Ir
XY 5 VT NC Project an empty time bas
YT E cope e _g Selution 'SCOPE_with_Owversampling' (2 projects) -
TwinCAT Project E Scope YT Project with Reporting L 4 Scope for 05
X 4 Scope YT Project
Online Templates B Sscope XV Project 4 A Chart
@ Scope XY Project with Repagti E Axis
H: Cursor
Trigger
i M Tiigg
Name: Scope for 03 a7 SCOPE_with_Oversampling

Location: CATESTYCommon\SCOPE_with_Oversampling| - Browse... |
Fig. 153: Adding a Scope project into an already existing project

Step 2a: Creation of a PLC variable within a POU

Within the TwinCAT 3 development environment an input variable as an array with respective amount than is
given by the oversampling factor have to be defined at first how it’s illustrated in an example for the POU
“MAIN” and an oversampling factor 10 with structured text (ST) as follows:

PROGRAM MAIN

VAR

aUl Samples ATS$I* : ARRAY[0..9] OF INT;
END VAR

The identification “AT%I*” stands for swapping out this array variable to link it with the process data objects
(PDOs) of a terminal later. Notice that at least the number of elements have to be the same as the
oversampling factor so that the indices can be set from 0 to 9 also. As soon as the compiling procedure was
started and ended successful (in doing so no program code may be present) the array appears into the
solution explorer of the TwinCAT 3 development environment within the section PLC under “..Instance”.

The following illustration shows extracts of the solution explorer on the right. As an example that linking of an
array variable to a set of oversampling process data is represented herewith:
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PROGRAM MAIN
= 2 VAR
// Linkabls variablss fo.
all_Samples
END VAR

inkab,

s

; Solution 'SCOPE_with_Oversampling' (1 project)
4 il SCOPE_with_Oversampling
o (@l sYSTEM

4 u—; Test_OS Project
3 External Types
] References
3 DUTs
3 GVLs
@ POUs
3 vIsUs
4 Eg] PlcTask (PlcTask)
& MAIN
E_':: Test_0OS.tmc
4 @Te:t_OSInstance
4 PlcTask Inputs
4 F MAIN.aUl_Samples
#1 MAIN.alU1_Samples[0]

Fig. 154:
EL3773

MAIN.alU1_Samples[7]
MAIN.alU1_Samples[8]
MAIN.alU1_Samples[9]

#1 MAIN.aUl_Samples[1]

#1 MAIN.aUl_Samples[2]
extern useable #1 MAIN.aUl_Samples[3]
variables to #1 MAIN.aUl_Samples[4]
link to terminals #1 MAIN.aUl_Samples[5]
PDOs %1 MAIM.all_Samples[6]

#

*

*

Step 2b: Creation of a PLC variable via a free task

4 Fvo

4 %L Devices

4 == Device 3 (EtherCAT)

4

S
Wt

8 Image
&8 Image-Info
2 SyncUnits
Inputs
W Outputs
& InfoData
[f Term 6 (EK1100)
3 InfoData
4 " Term7 (EL3773)
y L1 Voltage Status
4 L1 Voltage Samples
4 g1 Ul Samples
# Samplel
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6
Sample7
Sample 8

LR

Sampled
#! Sample10
L1 Current Status
L1 Current Samples
L2 Voltage Status
> L2 Voltage Samples
L2 Current Status
L2 Current Samples
L3 Voltage Status
L3 Voltage Samples
L3 Current Status
L3 Current Samples
Al MextSynclTime
> Al 5ample Count
@y WcState
3y InfoData
B Term 4 (EL9011)

&% Mappings

Representation of a created PLC array variable (,aUl_Samples®) to link with oversampling PDOs of

When a POU is not needed onto the particular system, a referenced variable could be applied via a free task
also. If a free task is not existing still yet, it can be created by a right-click to “Task” of the project within

SYSTEM with “Add New Item...”.

:; Selution "SCOPE_with_Oversampling' (2 projects)
4 Scope for 05
4 Scope YT Project
a7 Chart
foe Axis
H: Cursor
M Trigger
4 Hi SCOPE_with_Owersampling
4 [ SYSTEM
' License
4 @ Real-Time
[B1 /O Idlle Task
& Tasks

== Routes =3 Add Mew Itemn...
[iH] TcCOM Object [ Add Existing Item...

e

Insert Task
N ame: Tazk 1
Type
(0 TwwinlCAT Task

-fﬁ'winﬁﬂ Taszk With Image

(=]

% Shift+Alt+A

Ctrl+Shift+A |

MOTION

LC
SAFETY
E C++

a Vo

#é Devices

&’ Mappings

Fig. 155: Insertion of a free task

4 B Tasks

4 [ Taskl

j: Image
Inputs
W Outputs

EL37x2
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The Task have to be inserted as “TwinCAT Task With Image” and also creates an “Inputs” and “Outputs”
folder therefore. The properties of the new (or as the case may be already existing) task must have activated
the attribute “Create symbols” to make them selectable by the “Target Browser” of the Scope later on. The
task cycle time have to be changed if so. Then, with10 x Oversampling 1 ms at 100 ys base time, resulting
10 ticks will be set by the usage of the EL3751 for example:

SCOPE_with_Oversampling

Task |Or1|ine I Parameter {Online}|

L3

Auto start

Priority: 1

Name: Task 1

[] Auto Pricrity Management

4

Cycle ticks: 10

s 1000 ms

Watchdog Cycles:

Start tick (modula): 0

Al e

[7] Separate input update

[=]

[] Waming by exceeding

Message box

Port: am

Rl

Object Id: 02070010
Options
[ Disable

Create symbols

[ Include extemal symbols

7] Extem sync

Floating point exceptions

4

L1

Fig. 156: Task property "Create symbols" must be activated

m

There’s a default value given for the Port number (301) that should be changed, if necessary. This number
have to make acquainted for the Scope, if applicable, later on. By a right click on “Inputs” that oversampling
based variable can now be appended with the fitting datatype of an array. ,ARRAY [0..9] OF DINT" referred

to as ,Var 1“ in this case:

Insert Variable

General
Hultiple:
Mame: Yar 1 in 1
Stat Address: Byter 0 < 1]
[ Shaw Al

Drata Type >5ize Name Space -
LINESTRUCT wZOUuT a2 Teline
STelecModulePost 32
TeloEcPredictinfo 32 Lu]
TelLicenzeEntry 32
ST_LiEVersion 36
AdsddlnitCommand 40
ARRAY [0.9]0F DINT I% 40 I
MCDRIMESTRUCT_INZ 40 MC i
MCORMESTRUCT_OUT2 40 MC
MCORIMESTRUCT_STEPPER 40 MC <

a4 {1 Tasks
a4 [B Taskl
*H Image
4 Inputs
a4 |F Varl
#1 Varl[0]
#1 Var1[1]
# Varl[2)
#1 Varl[3]
#1 Var1[4]
# Varl[5)
#1 Varl[6]
#1 Var1[7]
# Varl[8)
#1 Varl[9]
W Outputs

Fig. 157: Insertion of variable "Var 1" fitting to the oversampling (-factor)

Step 3: Linking an array variable with an oversampling PDO

By right click on “MAIN.aUl_Samples” (according to the last preceding paragraph Step 2a) or rather
“Var 1” (according to the last preceding paragraph Step 2b) within the Solution Explorer a window opens to

select the process data:
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& MAIN.aUL_Samples g | i
# MAIN.aUL_Sam @ Change Link...

MAIN.aUL_Sam X Clear Link(s)

MAIN 2UL_Sam Goto Link Variable
MAIN.alU1_Sam
MAIN. aUL_Sam
MAIN.alJ1_Sam
MAIN.aU1_Sam
MAIN.aU1_Sam
MAIN.alU1_Sam
MAIN.al1_Sam

X

Add New Itemn...

Online Write...

LR LR

Online Force...

Release Force

Take Mame Over from linked Variable

Ctrl+Sl

a B Taskl
"5 Image
Pl Inputs

a |Fl Varl
#1 Var1[0] M Change Link...
# Varllll 3 Clear Link(s)
Fl Varl(2] Gote Link Variabl
#1 Varl[3]
#1 Varl[4] Take Name Over
# Varl[3] = Add Mew Item...
#1 Varl1[6] .
% Varl[T] Move Address...
# Varl[B] *3 Online Write...
# Varll®  +3  OnlineForce...

%

from linked Variable

3

Ctrl+5

Fig. 158: Set up the link of the PLC array variable (left: for the last preceding paragraph Step 2a, right: for the

last preceding paragraph Step 2b)

g PLC

- [ Bxternal Types
»  [-3] References
3 DUTs 1
£ GVLs
4 [ POUs
] MAIN (PRG)
3 VISUs
Pl E] PlcTask (PlcTask)
& MAIN
2_': Test_0S5.tmc
a @Test_OSInstan(e
4 PlcTask Inputs
4 # MAIN.aUL Samples  we===]
#1 MAIM.aUL_Samples[0]
MAIM.aU1_Samples[1]
MAIN.aU1_Samples[2]
MAIN.aU1_Samples(3]
MAIN.aU1_Samples[4]
MAIN.aUL_Samples[5]
MAIN.aUl_Samples[6]
MAIN.aUl_Samples(7]
MAIM.aU1_Samples[8]
MAIN.aU1_Samples[3]

LN RN

(41 SAFETY
[
Vo
4 e‘é Devices
a == Device 3 (EtherCAT)
*8 Image

// Some codings here..

| Attach Variable MAIN.aU1_Samples (Input)

Search

3)

I1Samples > |29E0 11 Camnlas 1EOEGEOA AN A1

Show Variables

@ Unuzed

() Used and unused

[T Exchude disabled
Exclude ather Devices
Exclude same Image
Show Tooltin:

U2 Samples » |ULSamples . L1 Voltage Samples . 18mm 7 (EL3773)

Device 3 (EtherCAT) . Devices ]

12 Samples > 1B 139.0, 12 Samples_04D3D 300 [20.0]
U3 Samples > 1B 161.0, U3 Samples_10D1E310 [20.0]
|35amples > 1B 183.0,13 Samples_E7D219C9 [20.0]

Show Variable Types

[ Matching Type
tatching Size

[ &0 Types
[ Aray Mode:
Offzats
Continuous
[ Shaw Dialog
“ariable Name
Hand over
Take over

Cancel [ 0K ]

Fig. 159: Select the EL3773 PDO "L1 Voltage Samples" to create a link to the PLC array variable

»,aul_Samples”

The selection of PDO "U1 Samples" of the EL3773 for “MAIN.aUl_Samples” based by the last preceding
paragraph Step 2a as illustrated above have to be done in the same way for “Var 1” accordingly.

Step 4: Selection of the PLC array variable for the Y-axis of the scope

Now the configuration will be activated (

visible for the target browser of the scope for being selected.

. ) and logged in the PLC ( 'ﬂ ), so the array variable will be

Thereby the drop down menu will be opened by right clicking on “Axis” (A) for selection of the scope features

(B):

EL37x2

Version: 3.6
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o8 SCOPE_with_Oversampling - Microsoft Visual Studio

File Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help

i E e RSB e - S| B [ Debug ~| | TwinCAT RT (a6) -/
i BB 2 R @602 || Ay P (cx200) -

i [Test0s -2 = 4|

Solution Explorer
|,; Solution 'SCOPE_with_Cversampling
a Scope for 05
4 Scope YT Project
4z Chart

1 x I Scope YT Project > UEVVE (LT

' (2 projects)

Chart
= I start: 00:00:00 | End: 00:00:00 | Pos: 000000 | Time: 00

Y JJ| 0,00:00:10,000)

N9 Fr W

L

n,s-l

|§ Auis | —
H: Cursor A
A Trigger
4 “i SCOPE_with_Oversampling
> [l SYSTEM
MOTION

< B ¥ E

Test_ 05
5] Test_OS Project
> [ External Type
> [ References

3 DUTs

3 Gvls B3
4 [ POUs

] MAIN (PR x

[ VIsUs

0 coe e =

_J Send Project B

Target Browser B
Cursor Window \ R
New Empty C |

Visible

Target Browser

(B [F] D, F b R

Apply Default

Clear Error Lis

ROUTES
=] My-Computer
= Any PC (CX2040)

Port-Mame  Port-Nr.

B PicTask 350
@ Port 851 851

Port-Type Queue-Size
ROTaskPortITF &0

ROTaskPortITF &0

Fixed
True
True

Server  Client  Attribute

True
True

False
False

0000010
0000010

Change Ads 5 \

Change Index C

Copy

Delete =
Properties Alt+Enter

Fig. 160: Selection of the oversampling variable with the target browser

By addressing the corresponding system that represents the PLC containing the array variable (“Any PC
(CX2040)” in this case) navigation up to the variable “aUl_Samples* (C) have to be done.

Target Browser

5 Any PC (CX2040)
n PlcTask (350)

Port_851 (851)

Constants,

MAIN,

: &) alJl_Samples

| TwinCAT_SystemInfoVarList.

]

(B (F] 0 E et g
~ ROUTES Name Type
Q My-Computer L) al/1_Samples

ARRAY [0.9] OF INT

Index-Offset
0xF020 081590

@& pesmol
N

EE Add Subsymbols

Index-Group

Size

20 MAIN.aU1_Samples

n

Full-Name

Fig. 161: Appending the variable "aUl_Samples” below “axis” within the scope project of the solution explorer

@® Variable don’t appears into the target browser

1

If ,ROUTES" don’t offer a possibility for selection of the provided variables, the corresponding port
should be declared for the target browser:

Target Browser

;EE@m&ﬁ@

"Enable Server Ports"

Using “Add symbol” displays the variable "aUl_Samples” below “axis” within the scope project of the solution

explo

]

rer directly.

ﬁ Scope for 05
4 Scope YT Project
4 A Chart

4 Eﬂxis

E alll_Samples

H: Cursor

J Trigger
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Now the program start have to be done with 4 formally although there’s no program still yet. Using “Start

Recording*® a the process data value of the oversampling PDO “L1 Voltage Samples “ via the linked PLC
array variable can be recorded time dependent now.

As an example a sine wave input measurement value (204.5 Hz) will be illustrated below:

Scope YT Project *OXx
Chart 4 b
Start: 00:07:15,608 | End: 00.07:16,608 | Pos: u.m:un:un.4e;3|

7500000,0

6000000,0

4500000,0 1

3000000,0 4

1500000,0

0,0

-1500000,0

-3000000,0 H

-4500000,0

-6000000,0

-7500000,0 -

I 1
0,00ms 1,00ms 2,00ms 3,00ms 4.00ms 5,00ms

Fig. 162: Example of recording a sine signal with 10 x oversampling at 1 ms measurement cycle time

The X-axis view was fitted properly by using “Panning X” E] after the recording was stopped E .
Following the “Chart” property “Use X-Axis SubGrid” was set to true with 10 divisions as well as the
“ChannelNodeProperties” attribute “Marks” was set to “On” with the colors “Line Color” blue and “Mark Color”
red. Therefore the latter indicates that 10 oversampling measurement points by the red marks.

Proceeding with / via ADS alternatively

In former TwinCAT 3 versions (or a lower revision as specified in the table [P 121] above) the oversampling
PDO of the respective oversampling able terminal can be made visible for the ScopeView by activation of the
ADS server.

EL37x2 Version: 3.6 127



Commissioning BEGKHUFF
Solution Explorer S SCOPE_with_Oversampling _

2
5 5 5 5 ‘ General I Size / Offset I Buffered Mapping | ADS | Input I Qutput I P; {Online}| =
; Solution 'SCOPE_with_Oversampling' (2 projects) Select register card "ADS"
g Scope for 05 Enable ADS Server Pait: 0 (e} E
4 ni SCOPE_with_Oversampling
y ﬂ SYSTEM Create symbols

! 1 |
SAFETY Activate 1 | General I Size / Offset I Buffered Mapping| ADS | Input I Output I P {Online}| !
[ed c++ "Enable ADS | :
4 1o Server” ' Enzble ADS Server Port: 27907 (1¢6D03) |
4 ¥ Devices I
Name I [ Create symbols Acti f

4 = Device3 (EtherCAT) Select "image" Activate )
g #1.U1 Status : — Create symbols” :

+l
om lmage #1 Underrange
= Image-Info

- . #! Overrange 0 BIT Tl
> & SyncUnits #1 Limit 0x0 (0) BIT2
4 Inputs #I Error 0 BIT
> [ Outputs #] Syncerror 1} BIT =
> [ InfoData #1 TxPDO State 0 BIT
4 i Term1 (EK1100) #1 TxPDO Toggle 0 BIT
> [ InfoData F1U15amples 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0000 U1Samples_07105587 n
s j Term 4 (EL3751) #1 11 5amples[0] 1] INT
s .j Term & (EL2008) #1 U1 samples[1] 1] INT
a "§ Term 2 (EL3773) 1 U1 5amples[2] 0 INT
» L1 Voltage Status #1 U1 5amples[3] 0 INT
> L1 Voltage Samples # U1 Samples(4] 0 InT
» L1 Current Status #1 U1 samples[5] 0 INT
> L1 Current Samples 1 U1 Szmples[e] 0 INT
> L2 Voltage Status 1 U1 Semples(7] o T
#1.115tatus 0x0000 (D) I15tatus_07E728A4
> L2 Voltage Samples
#] Underrange 1] BIT
> L2 Current Status #) Overrange 0 -
> L2 Current Samples F1 Limit 0x0 (0) BIT2
> L3 Voltage Status # Error 0 BIT
> L3 Voltage Samples #1 Sync error 0 BIT
s L3 Current Status %] TxPDO State 0 BIT
> L3 Current Samples #1 TxPDO Toggle [1} BIT
» Al 5ample Count #1 11 5amples 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 I15amples_CA1AD1CT
- [ WcState #1 11 5amples[0] 0 INT
> [@ InfoData #1 11 Samples[1] 0 INT
.J Term 8 (EL9011) #1 11 Samples[2] 1] INT =
ﬁj Mappings < | 1 3

Fig. 163: Activation of the ADS server of the EtherCAT device (TwinCAT 3)

The activation of the server can be carried out by selection of “Image” within the left sided solution explorer:
.//O — Devices — Device .. (EtherCAT) — Image®.

Next the register card “ADS” have to be selected to activate each checkbox ,Enable ADS Server” and
,Create symbols* then (the port entry is done automatically).

Thereby it is possible to access process data without an embedded POU and accordingly without a linked
variable:

Target Browser *yOX
B A E ek
ROUTES Name Type Index.. Index.. Size Full-Mame Cor|
-8 DES[:T(_)F_P(_: i Al Sample Count AlSample.. O0xF030 0«00D0 2 Term 2 (EL3773).A1 Sample Count
&1 ANY PC (€X2040) B L1 Current Samples L1 Current... 0xF030 0.0078 16 Term 2 (EL3773).11 Current Samples
B L1 Current Status L1 Current... 0xF030 00076 2 Term 2 (EL3773).L1 Current Status
i L1 Voltage Samples 11 Voltage ... 0xF030 00066 16 Term 2 (EL3773).11 Voltage Samples
B L1 Voltage Status L1 Voltage ... 0xF030 0x0064 2 Term 2 (EL3773).11 Voltage Status
B L2 Current Samples L2 Current... 0xF030 0x009C 16 Term 2 (EL3773).L2 Current Samples
@ Term 2 (EL3773). Bif) L2 Current Status L2 Current... 0xF030 0«0094 2 Term 2 (EL3773).L.2 Current Status
EiE) L2 Voltage Samples L2 Voltage ... 0xF030 00084 16 Term 2 (EL3773).L.2 Voltage Samples
i) L2 Voltage Status L2 Voltage ... 0xF030 00088 2 Term 2 (EL3773).L.2 Voltage Status
Bl L3 Current Samples L3 Current ... 0xF030 0x00C0 16 Term 2 (EL3773).L5 Current Samples
Ei§) L3 Current Status L3 Current... 0xF030 Ox00BE 2 Term 2 (EL3773).L3 Current Status
i) | 3 Voltage Samples L= Voltage ... 0xF030 O0x00AE 16 Term 2 (EL3773).L5 Voltage Samples
B | 3 Voltage Status L3 Voltage... 0xF030 0x00.. 2 Term 2 (EL3773).3 Voltage Status
B InputTeggle BOOL 0xF031  0x2FA4 1 Term 2 (EL3773) InputToggle
BIT| \WState BOOL 0xF031  0x2F94 1 Term 2 (EL3773).Wc5tate
< | T | 3

Fig. 164: Direct access to PDOs of the terminal by ScopeView
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Data type not valid

[

1 It may happen that the target browser is unable to determine the data type after insertion of the
oversampling PDO (according to an array variable usually). In this case it can be changed by the
channel properties:

4 ﬁ Scope for 05 Properties e
4 Eﬂ Scope YT Project . .
4 B Chart right-click: I1 Samples TwinCAT.Measurement.ChannelNodeProperties -
_ . then select [TES :
4 ﬁ Aois "Properties” LoEH Al |J
E I Samples _’ 4
t: Curr T
- Data-Type INT16 [=]
J Trigger Enzhlad e

® TwinCAT 3: Activate the ADS Server of an EtherCAT device
1 Also see Beckhoff Information System:

@ TWinCAT 3
[ Motes on the documentation
[ Overview
@ Licensing
@ TExzox | TC3 Engineering
M TE1000 TC3 System
(& TC3 Workbench
[ System
a PLC
i CIC++
@ Matlab'Simulink
[ Safety
am VO
[ Connectivity
[a TwinCAT 3 Source Control
i TE1111 | TC3 EtherCAT Simulation
s TE1120 | TC3 XCAD Interface
@ TE13»xx | TC3 ScopeView
@ Foreword
@ Overview
@ Installation
@ Configuration
[ -MET API
@ Samples
@ Appendbc
4 FAQ - frequently asked questions and answers
M TwinCAT Scope Glossary
@ How To's
M Oversampling recordings with the TwinCAT 3 Scope
[ Opening .svd files from a network directory

6.4.2 TwinCAT 2 procedure

The TwinCAT Scope?2 supports the import and display of oversampling process data such as is used by
oversampling-able terminals.

® System requirements

A TwinCAT Scope2 must be installed on the system.
An oversampling-able terminal must be present in the configuration.

The data type of the variables is also conveyed to the TwinCAT Scope?2 via the ADS data. Therefore the
array variable must be created

+ inthe PLC, see step 1a [P 130
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« ordirectly in the System Manager if only one free task is present, see step 1b [» 130

The same settings are to be made in the Scope2 for both cases, see step 2 [P 132]

Recording of a PLC variable with the TwinCAT 2 — Scope2

Step 1a: TwinCAT 2 PLC

Since the channel data are to be used in the PLC, a linkable ARRAY variable must be created there, as
shown in the following example:

VAR
SEL3773_Chi_Dataln AT ARRAY]]..10] OF INT:
END_WAR

Fig. 165: PLC declaration

This then appears in the list in the System Manager; as a rule it can also be reached via ADS without further
measures since PLC variables are always created as ADS symbols in the background.

=-§M PLC - Configuration
=1-1EC PlcTask
.=¥= PlcTask-Tmage
=1-[B1 Standard
El%T Inputs
- -t MAIN,aEL3773_Ch1_Dataln

Fig. 166: PLC in the System Manager

Note: the Scope2 can only "see" such variables in the variable browser if TWinCAT and the PLC are in RUN
mode.

Step 1b: TwinCAT 2 - free task

So that the linking works, an array variable with the channel data must be present in the system manager;
i.e. each oversampling data package must be present in an array. This array variable must be defined and
created manually in the System Manager.

File Edit Actions View [Options| Help

DEw | | Language
ﬂ SYSTEM - _C-:unﬂguratl Add Variable Type...
.1 NC - Configuration e
- D™ - T anfinnratinn Elete Varanle }fFI'E...

Fig. 167: Add Variable Type

An ARRAY variable of the type as known by the PLC must be created in the syntax as known from the PLC.
In this example an array of 0..9 of type INT, i.e. with 10 fields.
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Define Variable Type

(=]

Indes [Dirn 1]; 0 call BE =

Indes (D 2); 0 = 0 =
Index [Dim 3, 0 = 0 =

L—E£3 £33 £33 £3 £3 el

O

ARRAY [0.9] of INT

) Blias Base Type: | [INT16 -|
[ Array Definition... ]

(70 Struct

() Shing =0

Struct Members Define Variable Array @

4 Array D B
.
Lo High:

Hide
Elements

-

Fig. 168: Definition of the variable type

If this variable is known to the System Manager, an instance of it can be assigned to an additional task with a

right-click. It appears in the overview, sorted according to bit size.

Insert ¥ariable

— Gerneral
Mame: I‘Jar 152 Multiple: I‘I 3:
Comment:
Start Address: Byte; 0 = Eit; 0 =
—“anable Type
LIMESTRUCT _wSGDCIM 16.0 ;l
WARTYPE FSOERMESSAGE 19 15.0
af int
11 Samples_4037 200
WARTYPE_FSOEMESSAGE_23 230
WARTYPE_FSOEMESSAGE_27 0 g
LIMESTRUCT_SERCEMCIN 320
LIMESTRUCT wZ20UT 320
FLIKECTDIHICT WSl T 27N

Fig. 169: Overview of declared types

In this example the variable Var152 is created. It can now be linked with the PDO-Array of the respective

channel of the terminal.

EL37x2 Version: 3.6
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ElIE additional Tasks
=-[B1 Task 2
=¥a Task 2-Image
EI %T Inputs
-
- ] Outputs & Change Link. ..

..... h Route Setkings o Clear Linkls)

Fig. 170: Linking

If MatchingSize is activated in the dialog, the individual channels are offered directly.

Attach Yariable Yar 152 (Input) x|

— Show Y ariables

/0 - Configuration

El%i? [0 Devices @ Unuzed
E-#4 Device 4 [EtherCAT] " Uzed and unused
=7 Tem 2 [EL3773) I~ Exclude disabled
----- Tl 1 Samples IB 73.0, 111 Samples_4037 [20.0] [+ Exclude other Devices
..... g7 11 Samples > 1B 95.0, U1 Samples_4097 [20.0] W Exclude same Image
b U2 Samplez > 1B 117.0, U1 Samples_ 4097 [20.0 .
» i ¥ 12 Sampll:les > 1B 139.0, U1 Samplljes_:mﬁ? [én.n]] & Sz e e
----- g7 U3Samples > 1B 161.0, U1 Samples 4097 [20.0] — Show YWarable Types
Legol 13 Samples > 1B 183.0, U1 Samples_4097 [20.0] I Matching Type
¥ tatching Size
[T Al Types
[ Anay Mode

Fig. 171: Array variables of an oversampling terminal

So that the variables can also be found via ADS in the Scope2, the ADS symbols must be activated as well
as the Enable Auto-Start, otherwise the task will not run automatically. ADS symbol tables are then created
for all variables that have this task in their process data images.

EIIE Additional Tasks

-[2a M ame: ITask 2 Part: |3|:|'| :I
=¥m Task 2-Image v Auto start — Optiohz
EI%T In?"'f 155 [ it Priority Management [T 120 at task begin
» f._,tp:s Fricrity: [ = ™ Disable
E $Egt; ZZ'I]'I;:E: Cocle ticks: |1|:| ::I I'IELEIEIEI ms | ¥ Create symbols
! M - Configuration [~ Start tick [modula): H ™ Include external symbials

Fig. 172: Settings in the additional task

Step 2: Configuration in the Scope2

So that the linking works, an array variable with the channel data of the respective terminal must be present
in the system manager; i.e. each oversampling data package must be present in an array. This array

variable must be defined and created manually; see above [P_130].

You can now browse to the variable concerned in the Scope2.
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Target Browszer

% 2] By a8 £F |

- ROUTES M ame | Type | |ndex-Group | Index-Offzet | Size | Full-Marne

Elg B01276-001 BEVAR 152 ARRAY[D.]JOF INT  B1472 1] 20 TASK 2IMPUTS VAR 152

. =@ TCIOlaTask (301)

- TASK 2
=3 INPUTS.

Fig. 173: Variable browser up to the array VAR152

The array is then not to be opened; instead the array symbol is to be selected by right-clicking on
AddSymbol.

|rdex-Grol
| AaRPAYID TOF IMT | 1472

g8 Add Symbol

EE  Add Subsymbals

Fig. 174: AddSymbol on the array

ForceOversampling and DataType INT16 must be set in the channel which has now been created. If
necessary SymbolBased must be temporarily deactivated in addition.

— Target Connection ————————— ] —Amay Settings ———— 1 Symbal Infarmation 1=
' Task Sample Time Sl Im 3: Hame | TASK ZINPUTS V4R 152
& Free Sampl I E )
Taraet Part tee Sample  [ms] {10,000 z ¥ Force Owersampling Data-Type IINT‘I E j
™ Use Local Server c " I
ammenl
r Symbal bazed

— Symbol Connect

Index Group IEIHFD2EI

Index Offzet IDHDDDD -
Size |2 Bytes

1
&8 Channel Acquisition | FL Trigger | ‘-_J Target Browzer | 1-:;: Curzor

Fig. 175: Channel settings

In order to check that individual oversampling values are really being logged, the Marks can be activated in
the Scope2. Please observe the interrelationships between task cycle time, sampling time of the Scope2
channel and oversampling factor.
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WAR 152 Rd

WA 152

Fig. 176: Activation of the marks

An additional example illustrates the following image by representation of an oversampling — variable from
the EL3751 with 10 x oversampling:
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File Run View Optiens Info
Y Rl L
Object Browser 1 X Scope 4k %
E‘M Scope - /ﬁhﬂﬂ 4b
El-&% Chart

*f Hods
.- AIEL3751_CH1_DATAIN

ko

Channel Seftings 3

AIEL3751_CH1_DATAIN
r~Commen
' visible

Name IAI EL3751_CH1_DATAIN
Comment: I

— Line

Start: 17:08:25.882 | End: 17:08:28,132 | Pos: 0.00:00:00.338 | Time: 17.08:26.221 | Date: Mittwoch, 18. Mai 2016

0000000005 |14 4 b bI 0000000338 |5 &[] 1 I W B,

3 EN £

" s Coor [ :
win 1 =] ; / :
—Marks
& On Color .
0 Auto
o of size 4 =
-
A3 Chant Settin...| 52 -Acs Settin...| Bl Channel Seti..
Channel Acguisition 1 x | Target Browser 3 x ‘
AIEL3751_CH1_DATAIN vl % E B af FE
 Target 1~ Connection = ROUTES [ Name | Typa |
Target System (Netld) & Task Sample Time =] AUSHILFEIO-MAR [ 132) AIEL3751_CH1_DATAIN ARRAY [D_S] OF DINT ﬁ
[Any PC (CX2040) =l . B+ Any PC (CX2040) Add Symbol
E—— € Free Sample [ms] 1,000 = 5 @ TCPLC FloAunTask (307) 5 Symbol &
3 [P use Locai Server @ £ Add Subsymbols
- :
¥ Symbol based ® AN
[ Amay Settings [~ Symbal Information
Amay Length 10 Name [MAIN AIEL3751_CH1_DATAIN
—— 2
Comment I =
& Channel Acquistion |- Cursor | fL Trgger

0 [ | I

Fig. 177: lllustration of a 10 x oversampling variable of the EL3751 by the Scope2

Within the image was marked subsequently that the oversampling variable originated by the PLC was just
added to the Y-axis (observe selection of the PLC-POU name “MAIN” within the “ROUTES” tree). Herewith
“Force Oversampling” was activated due to the oversampling variable is not provided by the terminal.

Proceeding with TwinCAT 2/ alternatively via ADS

In former TwinCAT 2 versions (or a lower revision as specified in the table [»_121] above) the oversampling
PDO of the respective oversampling able terminal can be made visible for the Scope2 by activation of the

ADS server.

So the creation of a PLC variable can be disclaimed as well. Therefore the ADS server of the EtherCAT
Device where the oversampling able terminal is connected with have to be activated.

EL37x2
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., test_scope2.tsm - TwinCAT System Manager - 'O0tfcSorter’ - D|5|

File Edit Actions View Options Help

Dl SR +ERg Hha Blasdaan<etpa e ed 7

BB sYsTEM - Configuration

T8 1C - Configuration General | Size / Offset | BEuffered Mapping N}S’ | Input I Output Id —
: mmm elect regis ard "
BA PLC - Configuration s
= 1/0 - Configuration ™ Enable ADS Server Poit: D (2<D)
El ﬂ Lo DE“!EES Select reate symbols
=-5 Device 3 (EtherCAT) ‘Device ..-lmage”
-t- Device 3-Image
=$= Device 3-Image-Info
- Inputs o
ﬁ Ofmuts Activate
B¢ Infobata Enable ADS Server’
General | Size / Offset | Buffered Mapping  ADS | Input | Output
#-§ InfoData | -i l £ -l e T B -l
-5 Term 2 (EL3773) |
v Enable ADS S Port: 27908 (Qc6D04)
[ § L1 Voltage Status | 2 [Enls SvEr
(- § L1 voltage Samples — ] [~ Create symbols Sze | -Address =
(- % L1 Current Status [ e — Activate
- @ L1 Current Samples %l U1 status | “Create symbols" 5_4096 2.0 143.0
1§ L2 Voltage Status #lUlsamples = [0..5] OF INT 00 1500
1§ L2 Voltage Samples #11stats Status_4036 2.0 170.0
1§ L2 Current Status 111 5amples FD FF FA FF FD FF FD FF 02 00 00 00 FA FF FD FF 00 00 00 00 ARRAY [0,.9] OF INT 00 1720
(- T L2 Current Samples &1u2status 0x3000 (32758) U1 Status_4096 2.0 192.0
-G L3 Voltage Status #TU2 Samples CA 00 C400 CA D0 CC 00 €700 €€ 00 €7 00 €C 00 CA 00 €400 ARRAY [0..9) OF INT 200 1940
[+l 41 L3 Voltage Samples #l125tts 0x3000 (32758) U1 Status_4096 2.0 2140
[+ @1 L3 Current Status %112 Samples FS5 FF FD FF F7 FF EF FF FA FF F5 FF EF FF F2 FF FA FF F5 FF ARRAY [0..5] OF INT 0.0 2160
[]- @ L3 Current Samples STus status 0x8000 (32758) U1 Status_4096 20 236.0
- Al NextSync1Time #TU3 samples D400 D7 00 D7 00 DA 00 DA 00 D4 00 D7 00 D7 00 D4 00 DA 00 ARRAY [0..9] OF INT 20.0 238.0
- @ AT Sample Count &1135tns 0x3000 (32758) U1 Status_4096 2.0 258.0
#l-§ Westate 113 Samples 08 D0 FD FF FA FF 08 00 05 00 FA FF 05 00 02 00 FD FF FD FF ARRAY [0..9] OF INT 00 600
l':' -§ InfoDats &1 StartTimeNextLatch DC 4C 4F 3EF6 9C 2C 07 StartTimeNextiLatch_4098 8.0 280.0
. - | Term s 301y %' sample Count 0xF230 (62000) UINT 2.0 288.0 b
=-&H Mappings pe
! Frm0State 0x0000 (0 UINT 2.0 1520.0
i.-@g Scopel_Test (Standard) - Device 3 (EtherCAT) T Frmi 8 ©
T FrmowcState 0x0000 (0) UINT 2.0 15220
STwestate 0 BOOL 0.1 1522.3
STwestate 0 BOOL 0.1 1522.4
T westate 0 BOOL 0.1 1522.5
T Frm0InputToggle 0x0028 (40) LINT 2.0 1524.0

-
1| | »

Fig. 178: Activation of the ADS server of the EtherCAT Device (TwinCAT 2)

The activation of the ADS server have to be carried out by selection of the “Device — Image” on the left sided
configuration tree:
,1/O — Configuration — 1/0O Devices — Device .. (EtherCAT) — Device .. — Image®.

Next the register card “ADS” have to be selected to activate each checkbox ,Enable ADS Server” and
,Create symbols* then (the port entry is done automatically).

Thus with the Scope2 process data can be accessed via the target browser without an embedded POU and
without a variable reference respectively.

Target Browser ]
® [E1 0 0h gk ek
! ROUTE‘?‘ § . Mame Type Index-... Index-.. Size Full-Name
Elg ;E:E;EPIU: ;‘Z'[M(]) B8 Al NEXTSYNCI1TIME AINEXTSY.. «FO30 00118 8 TERM 2 (EL3773).Al NEXTSYNC1TIME
: - &) Al SAMPLE COUNT Al SAMPLE ... DFO30 Q20 2 TERM 2 (EL3773).Al SAMPLE COUNT
- @) AdsPort of Image 4 (27908) Bl L1 CURRENT SAMPLES L1CURRE... xF030 @x00AC 20 TERM 2 (EL3773).L1 CURRENT SAMPLES
F-@ TERM 2 (EL3773). BB L1 CURRENT STATUS L1CURRE.. [xFO30 @x00AA 2 TERM 2 (EL3773).L1 CURRENT STATUS

BiE |1 VOLTAGE SAMFLES L1 VOLTAG... O<F030 {0096 20 TERM 2 (EL3773).L1 VOLTAGE SAMPLES
Bl L1 VOLTAGE STATUS L1VOLTAG... OxFO30 0x00594 2 TERM 2 (EL3773).L1 VOLTAGE STATUS
Bl L2 CURRENT SAMPLES L2CURRE... ([xFO30 @x00D28 20 TERM 2 (EL3773).L.2 CURRENT SAMPLES
Bif | 2 CURRENT STATUS L2CURRE... [xF030 @x00DE 2 TERM 2 (EL3773).L.2 CURRENT STATUS
6 | 2 VOLTAGE SAMPLES L2VOLTAG.. O<FO30 @x00C2 20 TERM 2 (EL3773).L.2 VOLTAGE SAMPLES
Bl L2 VOLTAGE STATUS L2VOLTAG... xFO30 @=00CD 2 TERM 2 (EL3773).L.2 VOLTAGE STATUS
6 L3 CURRENT SAMFLES L3CURRE.. xFO30 @x0104 20 TERM 2 (EL3773).L3 CURRENT SAMPLES
BIE| |3 CURRENT STATUS L3CURRE.. =FO30 0102 2 TERM 2 (EL3773).L3 CURRENT STATUS
&) L3 VOLTAGE SAMPLES L3IVOLTAG... xFO30 @=xO0EE 20 TERM 2 (EL3773).L3 VOLTAGE SAMPLES
B L3 VOLTAGE STATUS L3IVOLTAG... xFO30 @xODEC 2 TERM 2 (EL3773).L3 VOLTAGE STATUS
BT INPUTTOGGLE BIT I<F031  x2FAS 1 TERM 2 (EL3773).INPUTTOGGLE
EMWCSTATE BIT I<F031  Dx2F95 1 TERM 2 (EL3773) WCSTATE
4 il | b

Fig. 179: Direct access of the Scope2 to the terminal's PDOs
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@® Also see Beckhoff Information System

1

@ TwinCAT 2
M Start Page
[ Motes on the documentation
[ TwinCAT Overview
(i TwinCAT Cuick Start
[ TwinCAT System
@ TwinCAT System Manager

@ TwinCAT RemoteManager
(e TwinCAT R3I0
(e TX1200 | TwinCAT PLC
(s TwinCAT NC
@ TWinCAT Supplement

M Overview

@ Installation on CE Devices
(@ Category System TS1x00x

@ Category Measurement TS 3000

& Measurement

@ 153300 | TwinCAT Scope2

(@ Foreword

@ Scope 2 Handbook
@ Scope 2 Tutorial
@ ScopeviewControl
@ Annex

M Oversampling record

[ Scope2 FAQ

infosys.beckhoff.com — TwinCAT 2 — TwinCAT Supplement — Category Measurement TS3xxx —
TS3300 | TwinCAT Scope 2 — Annex — Oversampling record:

Beckhoff TwinCAT supports the Scope2 with some oversampling devices in a special way by automatically
calculating a special ADS array symbol in the background, which appears in the Scope2 in the variable
browser. This can be then linked as a variable and automatically brings along the array information.

=% O TERM 2 [EL3702).

----- B8 CH1 SAMPLE 0[0]
----- B8 CH1 SAMPLE 0[1]
----- B8 CH1 SAMPLE 0[2]
----- B8 CH1 SAMPLE 0[3]
----- B8 CH1 SAMPLE 0[4]
----- B8 CH1 SAMPLE 0[S]
----- B8 CH1 SAMPLE 0[]
----- B8 CH1 SAMPLE 0[7]
----- B8 CH1 SAMPLE 0[]
----- B8 CH1 SAMPLE 0[9]
----- B8 CH1 SAMPLE O[T10]
----- @& CH2 CYCLECOUNT
----- 86 CH2 SAMPLE 0

=@ TERM 2 [EL3702),
.8 CH1 CYCLECOUNT
=66 CH1 SAMPLE 0
----- B CH1 SAMPLE O[0]
----- B CH1 SAMPLE O[1]
----- BE CH1 SAMPLE 0[2]
----- B CH1 SAMPLE 03]
----- B CH1 SAMPLE 0[4]
----- B CH1 SAMPLE 0[5]
----- BE CH1 SAMPLE O[8]
----- BB CH1 SAMPLE 07]
----- BE CH1 SAMPLE 03]
----- BE CH1 SAMPLE 0[9]
CH1 S&MPLE O[T10]
----- B CHZ CYCLECOUNT
----- B CHZ SAMPLE 0

;I MNarme

| Type | Index-...l Inde:-:-...l Size | Full- anne
BIE) CH1 SaMPLE 0[0] CH1SaMPLE O_TYFE  E1488 73 2 TERM 2 [EL3702).CH1 SaMPLE 0[0]
BIE) CH1 SaMPLE 0[1] CH1 SaMPLE O_TYFE  E1488 75 2 TERM 2 [EL3702).CH1 SAMPLE 0O[1]
BIE) CH1 SAMPLE 0[2] CH1SaMPLE O_TYFE  B1438 77 2 TERM 2 [EL3702).CH1 SAMPLE 0[2]
BIE) CH1 SAMPLE 03] CH1SAMPLE O_TYFE  E1488 79 2 TERM 2 [EL3702).CH1 SAMPLE 0[3]
BIE) CH1 SAMPLE 0[4] CH1SaMPLE O_TYFE  E1488 81 2 TERM 2 [EL3702).CH1 SAMPLE 0[4]
BIE) CH1 SAMPLE 0[5] CH1 SaMPLE O_TYFE  E1488 83 2 TERM 2 [EL3702).CH1 SAMPLE 0O[5]
BIE) CH1 SAMPLE 0[6] CH1SaMPLE O_TYFE 61433 85 2 TERM 2 [EL3702).CH1 SAMPLE 0[]
BIE) CH1 SAMPLE 0[7] CH1SaMPLE O_TYFE  E1488 &7 2 TERM 2 [EL3702).CH1 SAMPLE 0[7]
BIE) CH1 SaMPLE 0[8] CH1 SaMPLE O_TYFE  E1488 B3 2 TERM 2 [EL3702).CH1 SAMPLE 0[8]
BIE) CH1 SAMPLE 091 CHISamMPLED TYPE 61483 31 2 TERM 2 [ELIFO21CHT SAMPLE O[9]
I8 CH1 SAMPLE 0[T10] CH1SaMPLE O_TYFE  E1488 73 2 TERM 2 [EL3702).CH1 SaMPLE O[T10] I
;l Mame | Type | |I"|E|BH-...I Index-...l Size | Full-N ame
196) CH1 WaLUE INT1E E1488 73 2 TERM 2 [EL3702).CH1 SAMPLE O[T10].CF

Fig. 180: Automatically calculated array variable (red) in the Scope2
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es muss eine ARRAY-Variable vorliegen die tiber ADS erreichbar ist. Dies kann eine PLC-Variable oder eine
im System Manager definierte ARRAY-Variable sein. Diese wird dann vom Scope?2 erkannt.

Summary: an array variable have to be provided which is reachable via ADS. This can be a PLC variable of
a POU or a defined array variable by the system manager or alternatively the ADS server of the terminals
device is just activated.

6.5 Process data and configuration

6.5.1 TwinCAT tree

The operating principle of the EL37x2 in conjunction with SYNCO and SYNC1 pulses was already described
in section "Basic Function Principles". This section describes the application of the Beckhoff TwinCAT
System Manager for setting the parameters.

Once the terminal has been scanned in, the following tree structure appears (see Fig. TwinCAT tree
EL37x2).

SR Termn 5 (EL3702)
EI%T “hl CycleCount
T Chl CycleCount
-8 Chi Sample 0
T Chl Yalue
- §iT Ch2 CycleCounk
LT Ch2 CycleCount
-8 Ch2 Sample 0
LT Ch2 Yalue
- @ WiState
T westateD
T wstatel
- InfoData
Lgul Shate

i
L

i
L

i
L

i
L

[

Fig. 181: TwinCAT tree EL37x2

Ch1/Ch2 CycleCount and Ch1/Ch2 Value

Each EL37x2 record contains a CycleCounter for each channel that is incremented with each record, and n
analog measured values with a width of 2 bytes each. With an oversampling factor of n = 25 a record
therefore consists of a 16-bit CycleCounter (overflowing) and 25 16-bit samples per channel. The
CycleCounter in the higher-level control system can be used to verify the consistency of the record transfer.

By default the EL37x2 is set to n = 1, resulting in the process image shown in Fig. TwinCAT tree EL37x2.

WcState 0/1 (Online tab)

Boolean variable indicating the working counter status of the terminal. An invalid working counter (value: 1)
is displayed if invalid data were transferred by the EtherCAT slave controller.
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Fig. 182: WCState, Online tab

InfoData, State

Shows the online status (EtherCAT state machine) of the terminal.

Fig. 183: InfoData, Online tab
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Value Description

Ox__ 1 Slave in 'INIT' state

O0x 2 Slave in 'PREOP' state

Ox__ 3 Slave in 'BOOT state

Ox__ 4 Slave in 'SAFEOP' state

0x 8 Slave in 'OP' state

0x001_ Slave signals error

0x002_ Invalid vendorld, productCode... read
0x004_ Initialization error occurred
0x010_ Slave not present

0x020_ Slave signals link error
0x040_ Slave signals missing link
0x080_ Slave signals unexpected link
0x100_ Communication port A
0x200_ Communication port B
0x400_ Communication port C
0x800_ Communication port D

Table 1: States of the EtherCAT state machine

6.5.2

Process data

Extent of process data in delivery state

The scope of the offered process data and the assignment of the SyncManagers in delivery state can be
viewed via the “Process data” tab (see Fig. Process data tab SM0+SM1+SM2, EL37x2).

140
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Gereral | EtherCAT | DG Process Data | Oniine |

Sync Manager: PDO List:
st | Size | Tupe | Flags Index | Size | Mame |Flags [sM  [su =
O=1B00 2.0 Chl CycleCount A F 1] 0 —
1 4 |npLits O=1400 2.0 Chl Sample 0 kFO 1] 0
2 1] | nputs D401 20 Chl Sample 1 MFO n
1402 20 Ch1 Sample 2 MFO 1]
D1A03 20 Ch1 Sample 3 MFO 1]
41404 20 Ch1 Sample 4 MFO 0
Q1405 20 Ch1 Sample & MFO 1]
1406 20 Ch1 Sample B MFO 1]
Q1407 20 Ch1 Sample 7 MFO 1]
1408 20 Ch1 Sample 8 MFO 0
01409 20 Ch1 Sample 9 MFO 1]
1| |_>| D1 A0 20 Ch1 Sample 10 MFO 1] j
PDO Azzighment [Dx1C107; PDO Content (D1 BOO:
[w]0=1B00 H Irdex | size | 08 | Name | Type | Default (res) |
[w] 01,400 O«e800:01 2.0 0.0 Ch1 CycleCount  UINT
01401 20
01402
101403
01404
101405
01406 ;I
Download Load PDO infa from device I
B o .-'1'-.33|g.|r'|mer'.|t Sync Unit Azzignment. . I
[~ PDO Configuration

Fig. 184: Process data tab SMO, EL37x2
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General | EtherCAT | DC

Process Data | Orlire I

Sync Manager: PDO List:
Shd | Size | Type | Flags | e | Size | = | Flags | Shd | S |:|
] 4 |npLits 0=1B01 2.0 Ch CycleCount A F 1 1
|npLits 01480 2.0 Che Sample 0 MFO 1 1
2 1] | nputs 1481 2.0 ChZ Sample 1 MFO 1
1482 20 ChZ Sample 2 MFO 1
1483 20 Chz Sample 3 MFO 1
41484 20 ChZ Sample 4 MFO 1 1
01485 20 ChZ Sample & MFO 1
1486 20 ChZ Sample B MFO 1
1487 20 ChZ Sample 7 MFO 1
D«1488 20 ChZ Sample 8 MFO 1
01489 20 ChZ Sample 9 MFO 1
1| |_>| DA 20 Che Sample 10 MFO 1 j
PDO Azzighment [Dx1C1717: PDO Content [ BO7]:
[W]01BM H Irdex | size | 08 | Name | Type | Default (res) |
[w] 01,480 O«e800:02 2.0 0.0 Che CycleCount  UINT
01481 20
01482
01483
01484
01485
01486 ;I
Download Load PDO infa from device I
B o .-'1'-.33|g.|r'|mer'.|t Sync Unit Azzignment. . I
[~ PDO Configuration

Fig. 185: Process data tab SM1, EL37x2
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General | EtherCAT | DC

Process Data | Orlire I

[~ PDO Azzignment
[~ PDO Configuration

Sync Manager: PDO List:
Shd | Size | Type | Flags | e | Size | = | Flags | Shd | S |:|
0 4 |npLitz 01409 2.0 Chz Sample 839 tFO 1
1 4 [npLits 01404 2.0 ChZ Sample S0 kFO 1
2 : | npLts 1408 2.0 ChZ Sample 91 MFO 1
01ADC 20 ChZ Sample 92 MFO 1
0«1A00 20 ChZ Sample 93 MFO 1
0414DE 20 ChZ Sample 34 MFO 1
D1 ADF 20 ChZ Sample 95 MFO 1
0x1AED 20 ChZ Sample 96 MFO 1
1AET 20 ChZ Sample 97 MFO 1
Dx14E2 20 ChZ Sample 33 MFO 1
Ox1AE3 20 ChZ Sample 99 MFO 1
1| |_>| 0x1B10 10 MextSync] Time P 2 2 j
PDO Aszzighment [Dx1C1 2] PDO Content [C1B10];
C]0x1B10 Index | Size | Offs | Mame | Tope | Default fhex) |
0100392 4.0 0o StartTimeMextLatch  UDIMT
4.0
~ Download Load PDO infa from device I

Sync Unit Azzignment. .

Fig. 186: Process data tab SM2, EL37x2

Sync Manager (SM)

To configure the process data, select the required Sync Manager in the “Sync Manager” field at the top left
(Fig. Process data tab SM0+SM1+SM2, EL37x2) (only SM2 is editable). The process data assigned to this

Sync Manager can then be switched on or off in the “PDO Assignment” box underneath (index 0x1B10).
Restarting the EtherCAT system, or reloading the configuration in configuration mode (F4), causes the

EtherCAT communication to restart, and the process data is transferred from the terminal.

SMO0, PDO Assignment 0x1C10

Index Index of excluded [Size (byte.bit) Name PDO content
PDOs
0x1B00 - 2.0 Ch1 Index 0x6800:01 -
CycleCount Ch 1 CycleCount
0x1A00 - 2.0 Ch 1 Sample 0 Index 0x6000:01 -
. . Ch 1 Value
0x1A63 Ch 1 Sample 99 .
Index 0x6630:01 -
Ch 1 Value
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SM1, PDO Assignment 0x1C11

Index Index of excluded [Size (byte.bit) Name PDO content
PDOs
0x1B01 - 2.0 Ch2 Index 0x6800:01 -
CycleCount Ch 2 CycleCount
0x1A80 - 2.0 Ch 2 Sample 0 Index 0x6000:01 -
. . Ch 2 Value
Ox1AE3 Ch 2 Sample 99 .
Index 0x6630:01 -
Ch 2 Value
SM2, PDO assignment 0x1C12
Index Index of excluded Size (byte.bit) Name PDO content
PDOs
0x1B10 - 4.0 Ch2 Index
CycleCount 0x1D09:98:01 -
StartNextTimeLatc
h

Table 2: PDO assignment of sync managers

6.5.3

Sample: Setting 2-channel, 2 times oversampling

Oversampling settings, distributed clocks (DC)

The oversampling factor can be set in the “DC” tab (see Fig. Process data tab, sample setting 2-channel, 2
times oversampling). If only one channel of the EL37x2 is required, the corresponding operating mode can
be selected as shown in Fig. Process data tab, example setting two-channel, 2 x oversampling, in order to
reduce the process data. When an entry is selected in the dialog, the correct sampling ratio at distributed

clock level and the correct number of process data to be transferred are set automatically.

® Sampling frequency

1 If an oversampling factor is required that does not appear in the list, the user has to specify the ratio
between the SYNCO pulse and the SYNC1 pulse within the permitted limits, based on the informa-

tion found in "Basic Function Principles". See the example [ 150].
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General I EthercaT DC

Operation bode:

Process Data I Online I

2 Ch. - 4 timez overzampling

Fig. 187: Process Data tab, example setting two-channel, 2 x oversampling

2 Channels - Mo overzampling

.- 2 times overzampling
M. - 3 times overzampling
2 Ch. - 4 times overzampling
2 Ch. - & times overzampling
2 Ch. - 8 times overzampling
2 Ch. - 10 times oversampling
2 Ch. - 16 times oversampling
2 Ch. - 20 times owersampling
2 Ch. - 25 times oversampling
2 Ch. - 32 times oversampling
2 Ch. - 40 times aversampling
2 Ch. - 50 times oversampling
2 Ch. - 100 times oversampling
1 Channel - Mo oversampling
1 Ch. - 2 times overzampling
1 Ch. - 3 times overzampling
1 Ch. - 4 times overzampling
1 Ch. - 5 times overzampling
1 Ch. - 8 times overzampling
1 Ch. - 10 times oversampling
1 Ch. - 16 times owerzampling
1 Ch. - 20 times oversampling
1 Ch. - 25 times oversampling
1 Ch. - 32 times owerzampling
1 Ch. - 40 times oversampling
1 Ch. - B0 times oversampling
1 Ch. - 100 kimes averzampling

An oversampling setting of n = 2 with two channels in use results in the process image shown in Fig.

TwinCAT tree, example setting two-channel, 2 x oversampling.

Elj Term 5 (EL3702)
D%T Zhl CycleCount

4t Chi Sampls 0
gyl Chl value

4t Chi Sampls 1
gyl Chl value

4@t Ch2 CycleCount

i
L

i
L

i
L

i
L

4@t Ch2 sampls 0
gyl ChE value
4t Ch2 sampls 1
gl Chz value
-8 WioSkate
Q Infalata

Fig. 188: TwinCAT tree, sample setting 2-channel, 2-times oversampling

gyl Chl CycleCaunt

gyl ChE CycleCount

"StartTimeNextLatch" activation

The assigned process record "StartTimeNextLatch" for transfer to the EtherCAT bus can be enabled by
entering 0x1B10 in the field below, after selecting Sync Manager 2 (Fig. Process Data tab, activation of index
0x1B10, entry “StartTimeNextLatch”, top left).

EL37x2

Version: 3.6

145



Commissioning BEGKHUFF

Gereral | EtherCAT | DG Process Data | Oniine |

Sync Manager: PDO List:
Shd | Size | Type | Flags | e | Size | = | Flags | Shd | 1] |:|
0 4 |npLitz 01409 2.0 Chz Sample 839 tFO
1 4 [npLits 01404 2.0 ChZ Sample S0 kFO

2 : | npLts 1408 2.0 ChZ Sample 91 MFO
01ADC 20 Che Sample 92 MFO
01400 20 Cha Sample 93 MFO
0:1ADE 20 Cha Sample 94 MFO
Ox1ADF 20 Che Sample 95 MFO
Ow1AED 2.0 Che Sample 96 MFO
O1AE1 2.0 Cha Sample 97 MFO
O414E2 2.0 Cha Sample 92 MFO
Ox1AE3 2.0 Che Sample 99 MFO

P — — — 1 1 1 i

1| |_>| 0x1B10 10 MNextSyncl Time P 2 j
PDO Aszzighment [Dx1C1 2] PDO Content [C1B10];
w Index | Size | Offs | Mame | Tope | Default fhex) |
0100392 4.0 0o StartTimeMextLatch  UDIMT
4.0
~ Download Load PDO infa from device I
FPDO Azzi t
r SSIE.mmEF.I Sync Unit Azzignment. . I
[~ PDO Configuration

Fig. 189: Process Data tab, activation of index 0x1b10, entry “StartTimeNextLatch”

The StartTimeNextlatch process data is 32 bits wide. During each process data cycle the time is specified at
which the next SYNC1 pulse and therefore the next block of sample values begins. StartTimeNextLatch thus
changes in each cycle by the amount of that task cycle time with which this terminal is operated. This time
specification is based on the terminal’s local Distributed Clocks time. The EL37x2 only maps the lower 32
bits of the generally 64-bit distributed clock time.

In this way all samples can be synchronized with other time data within the EtherCAT bus based on the
known oversampling factor.

Sample:

With a cycle time of 1 ms (= 1,000,000 ns) and an oversampling factor of 20 in the regarded cycle, the
EL37x2 supplies a StartTimeNextLatch = 7,777,216, and 2 x 20 measured values at 16 bits each as
process data. The time of measurement of the 5" supplied sample is now to be determined, i.e. the
Distributed Clocks time at which the 5" sample was determined.

The currently supplied set of 20 samples was started at the time

7,777,216 — 1,000,000 (cycle time) = 6,777,216 ns.

The time interval between the samples is 1,000,000/20 = 50,000 ns.

Hence, the 5" sample was determined at the time 6,777,216 + ((5 - 1) * 50,000) = 6,977,216 ns.
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=™ Term 5 (EL3702)

= &1 Chl CycleCount
gt Chl CycleCount
= &1 Chl Sampls 0
Gl Chi Yalue

= &1 Chl Sampls 1
Gl Chi Yalue

= &1 Che CycleCount
bl ChE CydleCourt
= &1 Ch2 Sample 0
it chz value
= &1 Ch2 Sampls 1
Gl Chz Yalue
=- %‘r MextSyncl Time
gl StartTimeMextLateh
-8 Woskate

-8 InfoData

Fig. 190: TwinCAT tree, entry "StartTimeNextLatch"

Special oversampling factor and Shift Time for the SYNCO pulse
A CAUTION

CAUTION! Risk of device damage!

If these settings are changed in the System Manager, no plausibility checks are carried out on the software
side.

Correct function of the terminal with all conceivable setting options cannot be guaranteed.

To set an oversampling factor that is not listed in the dialog, the ratio between SYNCO and SYNC1 pulse can
be set manually. To this end open the dialog "Advanced Settings" on the DC tab (Fig. DC tab, activation
“Advanced Settings...”).

A local shift time for offsetting several EL37x2 devices can also be set here (Fig. DC tab, activation
LAdvanced Settings...", ,Distributed clocks®).

Generall EtherCaT DC |F'ru:u:ess Datal Dnlinel

Operation tode; |2 Ch. - 2 times overzampling j

Advanced Settings... * |

Fig. 191: DC tab, activation "Advanced Settings..."
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Erweiterte Einstellungen m |
Distributed Clock
— Cyclic Mode

Operation Mode: 2 Ch. - 2 times oversampling j

¥ Enable Sync Unit Cycle [pe): |4EIEIEI

—SYMC O

— Cycle Time [ps]: — Shift Tirme [ps]:
CoelnitCycl [T -] User Defined @)
% zer Defined + 5YMCO Cycle
k £0 ) kl v [z000

[V Enable S¥NC O

¥ EBased on Input Reference

= I 1335

—5YMNC 1
¥ Sunc Unit Cycle

" SYNC 0 Cycle
¥ Enable S¥MNC 1

w1

I - I Shift Tirme [pel:

—

Cycle Time [pe];

ak. I Abbrechen

Fig. 192: DC tab, activation “Advanced Settings...”, “Distributed Clocks”

Sample:

Setting the new oversampling factor:

In Fig. DC tab, activation ,Advanced Settings...", ,Distributed Clocks*”, TwinCAT is in Config mode with 4 ms
cycle time (4000 ps). The SYNC1 pulse is triggered every 4000 ps. The oversampling factor should be set to
80. This requires a SYNCO interval of 50 ps. To this end either select a suitable factor for SYNCO Cycle
Time, or manually enter 50 us via User Defined. The ADC is now triggered at the required interval.

In addition, the number of transferred process data has to be adjusted to the new factor. In this example 80
values are required for each channel.
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General | EtherCAT | DC

Process Data | Orlire I

Sync Manager: PDO List:
Shd | Size | Type | Flags | e | Size | = | Flagsl Shd | S0 |:|
0 162 InpLts Q1448 20 Ch1 Sample 75 FOO 0 1]
1 162 InpLts 1440 20 Ch1 Sample 76 FO 0 0
2 1] | nputs Q1440 20 Chl Sample 77 FOO 0 1]
D1A4E 20 Ch1 Sample 73 FOO 0 1]

<]

0=1450 2.0

01451 2.0
0x1452 2.0
0x1453 2.0
0=1454 2.0

|_,| 0x1455 2.0

FOO Aszignment [D:1C10);

fa R N ol e

FOO Content [0x144F];

Chl Sample 73
Chl Sample 80 FO
Chl Sample 81 FO
Chl Sample 82 FO
Chl Sample 83 FO
Chl Sample 54 FO
Chl Sample 85 FO

— A

o e s Y s Y s Y s

=

[ Tat (ol

o4 AT

Diownload
[~ PDO Azzignment
[T PDO Configuration

| e | Size | ffz | M arme | Type | D efault [hex] |
Q«E4F0:01 2.0 n.a Chl'alue  INT
20

Load PDO infa from device |

Sync Unit Azsignment. . |

Fig. 193: Process Data tab, adaptation of process data in SMO
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Gereral | EtherCAT | DG Process Data | Oniine |

Sync Manager: PDO List:
Shd | Size | Type | Flags | e | Size | = |Flags| Shd | S0 |:|
1] 162 InpLts 0x14CE 20 ChZ Sample 75 FO 1 1
1 162 InpLts 041ACC 20 ChZ Sample 76 FO 1 1
2 1] | nputs D:14CD 2.0 Ch2 Sample 77 FOO 1 1
01ACE 20 ChZ Sample 73 FOO 1 1
O=1ACF ChZ Sample 73 1 1
01400 20 ChZ Sample 80 FO 1
Dx1A01 20 ChZ Sample 81 FO 1
w1402 20 ChZ Sample 82 FO 1
1403 20 ChZ Sample 83 FO 1
041404 20 ChZ Sample 84 FO 1 —
1 2] |oaeps 20 Ci2sampes o 1
FOO Aszignment [D1C11]; FOO Content [01ACF];
| e | Size | ffz | M arme | Type | D efault [hex] |
O«E4F0:02 2.0 n.a Chi'alue  INT
20
Diownload Load PDO info from device |

POO Azsi b
||: PO E“'?”""E: Sunc Urit &zsighment... |
onfiguration

Fig. 194: Process Data tab, adaptation of process data in SM1

Select SMO and SM1 one after another (Fig. Process data tab, adjusting the process data in SMO + SM1),
and in the field below (PDO assignment) select the number of process data corresponding to the
oversampling factor, in this example 80,,..

In the PDO list on the right compare the PDO index with the last PDO to be activated under PDO
Assignment. In this case all PDOs greater than 0x1A4F (SMO0) or 0Ox1ACF (SM1) have to be deactivated.

® Matching of oversampling factor/process data

1 If the number of process data does not match the oversampling factor n, the terminal will reach the
OP state, but no process data will be created.

Sample:

Sample for setting a Shift Time:

Under SYNCO Shift Time User-defined (Fig. DC tab, activation ,Advanced Settings...* ,Distributed Clocks®),
enter a time as required. Any value that may have been created automatically by the EtherCAT master can
be overwritten; Although it should be taken into account in the calculation.

Sample: A value of "-5" is preset. An additional shift of +10 us is required. -5 + 10 = +5 is entered as new
value.

All time-based/distributed clock-based interrupts (SYNCO/SYNC1) are now offset by this amount relative to
other EtherCAT slaves.

6.6 Notices on analog specifications

Beckhoff I/O devices (terminals, boxes, modules) with analog inputs are characterized by a number of
technical characteristic data; refer to the technical data in the respective documents.
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Some explanations are given below for the correct interpretation of these characteristic data.

6.6.1 Full scale value (FSV)

An I/O device with an analog input measures over a nominal measuring range that is limited by an upper and
a lower limit (initial value and end value); these can usually be taken from the device designation.

The range between the two limits is called the measuring span and corresponds to the equation (end value -
initial value). Analogous to pointing devices this is the measuring scale (see IEC 61131) or also the dynamic
range.

For analog I/O devices from Beckhoff the rule is that the limit with the largest value is chosen as the full scale
value of the respective product (also called the reference value) and is given a positive sign. This applies to
both symmetrical and asymmetrical measuring spans.

| 0..10V

| 4.20mA

| -200..1370°C

| -10._+10V

0

Fig. 195: Full scale value, measuring span

For the above examples this means:

* Measuring range 0..10 V: asymmetric unipolar, full scale value = 10 V, measuring span = 10 V
* Measuring range 4..20 mA: asymmetric unipolar, full scale value = 20 mA, measuring span = 16 mA

* Measuring range -200..1370 °C: asymmetric bipolar, full scale value = 1370 °C, measuring span =
1570 °C

* Measuring range -10..+10 V: symmetric bipolar, full scale value = 10 V, measuring span = 20 V

This applies to analog output terminals/ boxes (and related Beckhoff product groups).

6.6.2 Measuring error/ measurement deviation
The relative measuring error (% of the full scale value) is referenced to the full scale value and is calculated

as the quotient of the largest numerical deviation from the true value (‘measuring error’) referenced to the full
scale value.

| rmax. deviation ‘

Measuring error =
full scale value

The measuring error is generally valid for the entire permitted operating temperature range, also called the
‘usage error limit' and contains random and systematic portions of the referred device (i.e. ‘all’ influences
such as temperature, inherent noise, aging, etc.).

It always to be regarded as a positive/negative span with +, even if it is specified without + in some cases.
The maximum deviation can also be specified directly.

Example: Measuring range 0..10 V and measuring error < £ 0.3 % full scale value — maximum deviation *
30 mV in the permissible operating temperature range.
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Lower measuring error

o

1 Since this specification also includes the temperature drift, a significantly lower measuring error can
usually be assumed in case of a constant ambient temperature of the device and thermal stabiliza-
tion after a user calibration.

This applies to analog output devices.

6.6.3 Temperature coefficient tK [ppm/K]

An electronic circuit is usually temperature dependent to a greater or lesser degree. In analog measurement
technology this means that when a measured value is determined by means of an electronic circuit, its
deviation from the "true" value is reproducibly dependent on the ambient/operating temperature.

A manufacturer can alleviate this by using components of a higher quality or by software means.

The temperature coefficient, when indicated, specified by Beckhoff allows the user to calculate the expected
measuring error outside the basic accuracy at 23 °C.

Due to the extensive uncertainty considerations that are incorporated in the determination of the basic
accuracy (at 23 °C), Beckhoff recommends a quadratic summation.

Example: Let the basic accuracy at 23 °C be +0.01% typ. (full scale value), tK = 20 ppm/K typ.; the accuracy
A35 at 35 °C is wanted, hence AT =12 K

G35+= \f(olo1%)2+(12|< - 20 B2 = 0.026% full scale value, typ

Remarks: ppm 2 10 % 21072
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6.6.4 Single-ended/differential typification

For analog inputs Beckhoff makes a basic distinction between two types: single-ended (SE) and differential
(DIFF), referring to the difference in electrical connection with regard to the potential difference.

The diagram shows two-channel versions of an SE module and a DIFF module as examples for all multi-
channel versions.

Single Ended Diffenrential
| t+
Inpu - Input +
Ch1 () Sensor
() Sensor
Input -
nout Uem, ch-ch
+=
npu _ Input +
Ch2 @
Ch 2 () Sensar L
(=]
() sensor Input -
GND 1 GND yt
-T1 %__"'I
1 1 GND INT
1 | |
GND =1 | GMND ! ——
;)___ L4 —{ GND )__F'_C_.J

Fig. 196: SE and DIFF module as 2-channel version

Note: Dashed lines indicate that the respective connection may not necessarily be present in each SE or
DIFF module. Electrical isolated channels are operating as differential type in general, hence there is no
direct relation (voltaic) to ground within the module established at all. Indeed, specified information to
recommended and maximum voltage levels have to be taken into account.

The basic rule:

* Analog measurements always take the form of voltage measurements between two potential points.
For voltage measurements a large R is used, in order to ensure a high impedance. For current
measurements a small R is used as shunt. If the purpose is resistance measurement, corresponding
considerations are applied.

o Beckhoff generally refers to these two points as input+/signal potential and input-/reference
potential.

o For measurements between two potential points two potentials have to be supplied.

o Regarding the terms "single-wire connection" or "three-wire connection”, please note the following
for pure analog measurements: three- or four-wire connections can be used for sensor supply, but
are not involved in the actual analog measurement, which always takes place between two
potentials/wires.

In particular this also applies to SE, even though the term suggest that only one wire is required.

» The term "electrical isolation" should be clarified in advance.
Beckhoff 10 modules feature 1..8 or more analog channels; with regard to the channel connection a
distinction is made in terms of:

o how the channels WITHIN a module relate to each other, or
o how the channels of SEVERAL modules relate to each other.
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The property of electrical isolation indicates whether the channels are directly connected to each
other.

Beckhoff terminals/ boxes (and related product groups) always feature electrical isolation between
the field/analog side and the bus/EtherCAT side. In other words, if two analog terminals/ boxes are
not connected via the power contacts (cable), the modules are effectively electrically isolated.

If channels within a module are electrically isolated, or if a single-channel module has no power
contacts, the channels are effectively always differential. See also explanatory notes below.
Differential channels are not necessarily electrically isolated.

« Analog measuring channels are subject to technical limits, both in terms of the recommended operating
range (continuous operation) and the destruction limit. Please refer to the respective terminal/ box
documentation for further details.

Explanation
+ differential (DIFF)

o

Differential measurement is the most flexible concept. The user can freely choose both connection
points, input+/signal potential and input-/reference potential, within the framework of the technical
specification.

A differential channel can also be operated as SE, if the reference potential of several sensors is
linked. This interconnection may take place via the system GND.

Since a differential channel is configured symmetrically internally (cf. Fig. SE and DIFF module as
2-channel variant), there will be a mid-potential (X) between the two supplied potentials that is the
same as the internal ground/reference ground for this channel. If several DIFF channels are used
in a module without electrical isolation, the technical property V., (common-mode voltage)
indicates the degree to which the mean voltage of the channels may differ.

The internal reference ground may be accessible as connection point at the terminal/ box, in order
to stabilize a defined GND potential in the terminal/ box. In this case it is particularly important to
pay attention to the quality of this potential (noiselessness, voltage stability). At this GND point a
wire may be connected to make sure that V., .., is not exceeded in the differential sensor cable.
If differential channels are not electrically isolated, usually only one V¢ . is permitted. If the
channels are electrically isolated this limit should not apply, and the channels voltages may differ
up to the specified separation limit.

Differential measurement in combination with correct sensor wiring has the special advantage that
any interference affecting the sensor cable (ideally the feed and return line are arranged side by
side, so that interference signals have the same effect on both wires) has very little effect on the
measurement, since the potential of both lines varies jointly (hence the term common mode). In
simple terms: Common-mode interference has the same effect on both wires in terms of amplitude
and phasing.

Nevertheless, the suppression of common-mode interference within a channel or between
channels is subject to technical limits, which are specified in the technical data.

Further helpfully information on this topic can be found on the documentation page Configuration
of 0/4..20 mA differential inputs (see documentation for the EL30xx terminals, for example).

» Single Ended (SE)

o

If the analog circuit is designed as SE, the input/reference wire is internally fixed to a certain
potential that cannot be changed. This potential must be accessible from outside on at least one
point for connecting the reference potential, e.g. via the power contacts (cable).

In other words, in situations with several channels SE offers users the option to avoid returning at
least one of the two sensor cables to the terminal/ box (in contrast to DIFF). Instead, the reference
wire can be consolidated at the sensors, e.g. in the system GND.

A disadvantage of this approach is that the separate feed and return line can result in voltage/
current variations, which a SE channel may no longer be able to handle. See common-mode
interference. A V., effect cannot occur, since the module channels are internally always 'hard-
wired' through the input/reference potential.
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Typification of the 2/3/4-wire connection of current sensors

Current transducers/sensors/field devices (referred to in the following simply as ‘sensor’) with the industrial
0/4-20 mA interface typically have internal transformation electronics for the physical measured variable
(temperature, current, etc.) at the current control output. These internal electronics must be supplied with
energy (voltage, current). The type of cable for this supply thus separates the sensors into self-supplied or
externally supplied sensors:

Self-supplied sensors

» The sensor draws the energy for its own operation via the sensor/signal cable + and -.
So that enough energy is always available for the sensor’s own operation and open-circuit detection is
possible, a lower limit of 4 mA has been specified for the 4-20 mA interface; i.e. the sensor allows a
minimum current of 4 mA and a maximum current of 20 mA to pass.

» 2-wire connection see Fig. 2-wire connection, cf. IEC60381-1

« Such current transducers generally represent a current sink and thus like to sit between + and — as a
‘variable load’. Refer also to the sensor manufacturer’s information.

mA
sensor

sﬁwrﬂeasuﬁngdeﬂce
L2/ terminal

[

.

Fig. 197: 2-wire connection

Therefore, they are to be connected according to the Beckhoff terminology as follows:

preferably to ‘single-ended’ inputs if the +Supply connections of the terminal/ box are also to be used -
connect to +Supply and Signal

they can, however, also be connected to ‘differential’ inputs, if the termination to GND is then
manufactured on the application side — to be connected with the right polarity to +Signal and —Signal
It is important to refer to the information page Configuration of 0/4..20 mA differential inputs (see
documentation for the EL30xx terminals, for example)!

Externally supplied sensors
» 3- and 4-wire connection see Fig. Connection of externally supplied sensors, cf. IEC60381-1

+ the sensor draws the energy/operating voltage for its own operation from 2 supply cables of its own.
One or two further sensor cables are used for the signal transmission of the current loop:

> 1 sensor cable: according to the Beckhoff terminology such sensors are to be connected to
‘single-ended’ inputs in 3 cables with +/-/Signal lines and if necessary FE/shield

o 2 sensor cables: for sensors with 4-wire connection based on +supply/-supply/+signal/-signal,
check whether +signal can be connected to +supply or —signal to —supply.

- Yes: then you can connect accordingly to a Beckhoff ‘single-ended’ input.

- No: the Beckhoff ‘differential’ input for +Signal and —Signal is to be selected; +Supply and —
Supply are to be connected via additional cables.

It is important to refer to the information page Configuration of 0/4..20 mA differential inputs
(see documentation for the EL30xx terminals, for example)!

Note: expert organizations such as NAMUR demand a usable measuring range <4 mA/>20 mA for error
detection and adjustment, see also NAMUR NE043.
The Beckhoff device documentation must be consulted in order to see whether the respective device

supports such an extended signal range.
Usually there is an internal diode existing within unipolar terminals/ boxes (and related product groups), in

this case the polarity/direction of current have to be observed.
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Single-ended Differential

‘?_g: vt 4—— shield/FE

+Input
+Supply
«— Input : +Input
mA mA

# Sensor - Input Sensor

;| «— +Supply | i
-Supply
i foaeii 4— -Suppl i iInt GND

]

KLU/EL3x4x: 0-20mA KU EL3x1x: 0-20mA
KL/EL3x5x: 4-20mA KLU/ EL3x2x: 4-20mA

Fig. 198: Connection of externally supplied sensors

Classification of the Beckhoff terminals/ boxes - Beckhoff 0/4-20 mA terminals/ boxes (and related product
groups) are available as differential and single-ended terminals/ boxes (and related product groups):

Single-ended Differential

EL3x4x: 0-20 mA, EL3x5x: 4-20 mA; KL and related product EL3x1x: 0-20 mA, EL3x2x: 4-20 mA; KL and related product
groups exactly the same groups exactly the same

Preferred current direction because of internal diode Preferred current direction because of internal diode

Designed for the connection of externally-supplied sensors witha  The terminal/ box is a passive differential current measuring de-
3/4-wire connection vice; passive means that the sensor is not supplied with power.
Designed for the connection of self-supplied sensors with a 2-wire

connection
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Single-ended Differential
ll_ - +24V exTERNM
I
I _____ —
- +24V pc
Sensor (™ Sensor
| miGnaL | sicnaL
2-wire- i Input +
connection GND
Input -
‘ L GND g
Pay attention to common mode potential
r +24V exrern lr +24V exrern
I [
I [
3-wire- @l SIGNAL
connection
4-wire- Not relevant
connection
Pay attention to common maode potential

Fig. 199: 2-, 3- and 4-wire connection at single-ended and differential inputs
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6.6.5 Common-mode voltage and reference ground (based on
differential inputs)

Common-mode voltage (V) is defined as the average value of the voltages of the individual connections/
inputs and is measured/specified against reference ground.

v,

Va

0V reference ground

Fig. 200: Common-mode voltage (V..)

The definition of the reference ground is important for the definition of the permitted common-mode voltage
range and for measurement of the common-mode rejection ratio (CMRR) for differential inputs.

The reference ground is also the potential against which the input resistance and the input impedance for
single-ended inputs or the common-mode resistance and the common-mode impedance for differential
inputs is measured.

The reference ground is usually accessible at or near the terminal/ box, e.g. at the terminal contacts, power
contacts (cable) or a mounting rail. Please refer to the documentation regarding positioning. The reference
ground should be specified for the device under consideration.

For multi-channel terminals/ boxes with resistive (=direct, ohmic, galvanic) or capacitive connection between
the channels, the reference ground should preferably be the symmetry point of all channels, taking into
account the connection resistances.

Reference ground samples for Beckhoff 10 devices:

1. Internal AGND fed out: EL3102/EL3112, resistive connection between the channels

2. 0V power contact: EL3104/EL3114, resistive connection between the channels and AGND; AGND
connected to OV power contact with low-resistance

3. Earth or SGND (shield GND):

o EL3174-0002: Channels have no resistive connection between each other, although they are
capacitively coupled to SGND via leakage capacitors

o EL3314: No internal ground fed out to the terminal points, although capacitive coupling to SGND

6.6.6 Dielectric strength

A distinction should be made between:

 Dielectric strength (destruction limit): Exceedance can result in irreversible changes to the electronics
o Against a specified reference ground
o Differential

+ Recommended operating voltage range: If the range is exceeded, it can no longer be assumed that the
system operates as specified

o Against a specified reference ground
o Differential
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-

destruction limit
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- operating

voltage range

0V Potential

Fig. 201: recommended operating voltage range

The device documentation may contain particular specifications and timings, taking into account:

+ Self-heating

Rated voltage
* Insulating strength

* Normative environment (e.g. PELV)

6.6.7

Edge steepness of the applied voltage or holding periods

Temporal aspects of analog/digital conversion

The conversion of the constant electrical input signal to a value-discrete digital and machine-readable form
takes place in the analog Beckhoff EL/KL/EP input modules with ADC (analog digital converter). Although
different ADC technologies are in use, from a user perspective they all have a common characteristic: after
the conversion a certain digital value is available in the controller for further processing. This digital value,
the so-called analog process data, has a fixed temporal relationship with the “original parameter”, i.e. the
electrical input value. Therefore, corresponding temporal characteristic data can be determined and specified

for Beckhoff analogue input devices.

This process involves several functional components, which act more or less strongly in every Al (analog

input) module:
* the electrical input circuit
« the analog/digital conversion
« the digital further processing

+ the final provision of the process and diagnostic data for collection at the fieldbus (EtherCAT, K-bus,

etc.)

analog input stage
(Hardware)

electric analog input

| EITEITLE S Filter, EMC protection,

amplifier,...

ADC

Continuous - discrete values

Analog data processing
(Firmware)

Internal transport, Filter,
calibration, Over/
Underrange

-

Fig. 202: Signal processing analog input

Signal delay

Two aspects are crucial from a user perspective:

PDO transport over
bus system
(cycle time)

EL37x2
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* “How often do | receive new values?”, i.e. a sampling rate in terms of speed with regard to the device/
channel

+ What delay does the (whole) AD conversion of the device/channel cause?
- i.e. the hardware and firmware components in its entirety. For technological reasons, the signal
characteristics must be taken into account when determining this information: the run times through the
system differ, depending on the signal frequency.

This is the “external” view of the “Beckhoff Al channel” system — internally the signal delay in particular is
composed of different components: hardware, amplifier, conversion itself, data transport and processing.
Internally a higher sampling rate may be used (e.g. in the deltaSigma converters) than is offered “externally”
from the user perspective. From a user perspective of the “Beckhoff Al channel” component this is usually
irrelevant or is specified accordingly, if it is relevant for the function.

For Beckhoff Al devices the following specification parameters for the Al channel are available for the user
from a temporal perspective:

1. Minimum conversion time [ms, us]

= the reciprocal value of the maximum sampling rate [sps, samples per second]:

Indicates how often the analog channel makes a newly detected process data value available for collection
by the fieldbus. Whether the fieldbus (EtherCAT, K-bus) fetches the value with the same speed (i.e.
synchronous), or more quickly (if the Al channel operates in slow FreeRun mode) or more slowly (e.g. with
oversampling), is then a question of the fieldbus setting and which modes the Al device supports.

For EtherCAT devices the so-called toggle bit indicates (by toggling) for the diagnostic PDOs when a newly
determined analog value is available.

Accordingly, a maximum conversion time, i.e. a smallest sampling rate supported by the Al device, can be
specified.

Corresponds to IEC 61131-2, section 7.10.2 2, “Sampling repeat time”

2. Typical signal delay

Corresponds to IEC 61131-2, section 7.10.2 1, “Sampling duration”. From this perspective it includes all
internal hardware and firmware components, but not “external” delay components from the fieldbus or the
controller (TwinCAT).

This delay is particularly relevant for absolute time considerations, if Al channels also provide a time stamp
that corresponds to the amplitude value — which can be assumed to match the physically prevailing
amplitude value at the time.

Due to the frequency-dependent signal delay time, a dedicated value can only be specified for a given
signal. The value also depends on potentially variable filter settings of the channel.

A typical characterization in the device documentation may be:

2.1 Signal delay (step response)

Keywords: Settling time

The square wave signal can be generated externally with a frequency generator (note impedance!)

The 90 % limit is used as detection threshold.

The signal delay [ms, ys] is then the time interval between the (ideal) electrical square wave signal and the
time at which the analog process value has reached the 90 % amplitude.
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[«]
E .
%_ elektr. square wave signal
£ (ideal) \ PDO value
(18]
%% -4 | L >

transmission to the fieldbus

timestamp e

delay

|
|

|
|
| :
:-1 >

Fig. 203: Diagram signal delay (step response)

2.2 Signal delay (linear)

Keyword: Group delay

Describes the delay of a signal with constant frequency

A test signal can be generated externally with a frequency generator, e.g. as sawtooth or sine. A
simultaneous square wave signal would be used as reference.

The signal delay [ms, us] is then the interval between the applied electrical signal with a particular amplitude
and the moment at which the analog process value reaches the same value.

A meaningful range must be selected for the test frequency, e.g. 1/20 of the maximum sampling rate.

L)
o
3
= electrical input value digital PDO value
% (analog) \
transmission to the fieldbus
__________________ ..
| timestamp Tme
|
|
|
|
dela !
- S

Fig. 204: Diagram signal delay (linear)

3. Additional information:

may be provided in the specification, e.g.

3.1 Actual sampling rate of the ADC (if different from the channel sampling rate)
3.2 Time correction values for run times with different filter settings
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7 Appendix

7.1 EtherCAT AL Status Codes

For detailed information please refer to the EtherCAT system description.

7.2 Firmware information for EL37xx/EL47xx

The firmware version of the EL series EL37xx and EL47xx is shown

» as a laser-engraved serial number on the housing

* in ESC register OEQO,,
To view the register proceed as follows (see Fig. Firmware version in EL37xx/EL47xx oversampling
terminals):

» EL terminal in the EtherCAT system, install, set to OP state

» WorkingCounter = 0 check

+ set "StartOffset" to "0e00" via "Advanced Settings" -> "Memory"

+ use "Reload"/AutoReload to ensure that a current online value is displayed

» The firmware version is shown in 0EQQ,,

£ “ PLC - Conifiguration ~
= [ 110 - Configueation | General| EtherCAT | DC/Dversampling | Frocess Data | Onine |
- ‘ 10 Devicas
=) = Device 2 {EtherCAT) Type: ELA732 2Ch Ana Oubpat /10, Overzample
== Device 2-Image Product/Revisiorr | ELA732.0000-0003
e Devics Z-Image-Info -
G-l 1 Aptko Inc Addr: FFFE
+ @l Outputs EthesCAT Add: [] [1003 | Advanced Setiings.. | |
¥ @ InfoData

=8 Tem 1 (1100

-8 InfoData :
%M ferm 2 (FLz202 -General Memory
& 8 [Feem 3 (EL4732) Behavior
]Td'm: setungs Stan Oifset oiffs Dec [Hex [ch
entifcation
I e - —
Init Commands Working Counter: |1
- Distributed Clock Oeld o o] -
=-ESC Access Oeb& 4700 125¢c i
[ E3PROM Iv Auito Fielnadl |__Felead | De08 z 000z
Fro [] Compact View ; Oela o 000
[ Use Froed Ak Oelc 24064 Se0l -~
el M 03h2

Fig. 205: Firmware version in EL37xx/EL47xx oversampling terminals
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7.3 Firmware compatibility

Beckhoff EtherCAT devices are delivered with the latest available firmware version. Compatibility of firmware
and hardware is mandatory; not every combination ensures compatibility. The overview below shows the
hardware versions on which a firmware can be operated.

Note

* |tis recommended to use the newest possible firmware for the respective hardware.
» Beckhoff is not under any obligation to provide customers with free firmware updates for delivered

products.

NOTE

Risk of damage to the device!

Pay attention to the instructions for firmware updates on the separate page [P_163]. If a device is placed in

BOOTSTRAP mode for a firmware update, it does not check when downloading whether the new firmware
is suitable. This can result in damage to the device! Therefore, always make sure that the firmware is suit-
able for the hardware version!

EL3702

Hardware (HW) Firmware (FW) Revision no. Release date

00 - 04 02 EL3702-0000-0002 2007/11
03 2008/06
04 2009/12

05-15* 05 2010/11
06 2011/01
07 2011/02
08 2011/06
09 EL3702-0000-0003 2012/12
10 2014/02
11* 2015/03

EL3702-0015

Hardware (HW) Firmware (FW) Revision no. Release date
00-01* EL3702-0000-0003 2016/04

11* 2016/06
EL3742
Hardware (HW) Firmware (FW) Revision-Nr. Release date
02-05 05 EL3742-0000-0002 2010/11

06 2011/01

07 2011/02

08 2011/06
05-11* 09 EL3742-0000-0003 2012/12

10 2014/02

11* 2015/03

*) This is the current compatible firmware/hardware version at the time of the preparing this documentation.
Check on the Beckhoff web page whether more up-to-date documentation is available.

7.4 Firmware Update EL/ES/EM/EPxxxx

This section describes the device update for Beckhoff EtherCAT slaves from the EL/ES, EM, EK and EP
series. A firmware update should only be carried out after consultation with Beckhoff support.

EL37x2
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Storage locations

An EtherCAT slave stores operating data in up to 3 locations:

» Depending on functionality and performance EtherCAT slaves have one or several local controllers for
processing I/O data. The corresponding program is the so-called firmware in *.efw format.

* In some EtherCAT slaves the EtherCAT communication may also be integrated in these controllers. In
this case the controller is usually a so-called FPGA chip with *.rbf firmware.

 In addition, each EtherCAT slave has a memory chip, a so-called ESI-EEPROM, for storing its own
device description (ESI: EtherCAT Slave Information). On power-up this description is loaded and the
EtherCAT communication is set up accordingly. The device description is available from the download

area of the Beckhoff website at (https://www.beckhoff.de). All ESI files are accessible there as zip files.

Customers can access the data via the EtherCAT fieldbus and its communication mechanisms. Acyclic
mailbox communication or register access to the ESC is used for updating or reading of these data.

The TwinCAT System Manager offers mechanisms for programming all 3 parts with new data, if the slave is
set up for this purpose. Generally the slave does not check whether the new data are suitable, i.e. it may no
longer be able to operate if the data are unsuitable.

Simplified update by bundle firmware

The update using so-called bundle firmware is more convenient: in this case the controller firmware and the
ESI description are combined in a *.efw file; during the update both the firmware and the ESI are changed in
the terminal. For this to happen it is necessary

« for the firmware to be in a packed format: recognizable by the file name, which also contains the
revision number, e.g. ELxxxx-xxxx_REV0016_SWO01.efw

 for password=1 to be entered in the download dialog. If password=0 (default setting) only the firmware
update is carried out, without an ESI update.

« for the device to support this function. The function usually cannot be retrofitted; it is a component of
many new developments from year of manufacture 2016.
Following the update, its success should be verified

» ESI/Revision: e.g. by means of an online scan in TwinCAT ConfigMode/FreeRun — this is a convenient
way to determine the revision

» Firmware: e.g. by looking in the online CoE of the device

NOTE

Risk of damage to the device!
Note the following when downloading new device files

* Firmware downloads to an EtherCAT device must not be interrupted
* Flawless EtherCAT communication must be ensured. CRC errors or LostFrames must be avoided.
» The power supply must adequately dimensioned. The signal level must meet the specification.

In the event of malfunctions during the update process the EtherCAT device may become unusable and re-
quire re-commissioning by the manufacturer.

7.4.1 Device description ESI file/XML

Attention regarding update of the ESI description/EEPROM

Some slaves have stored calibration and configuration data from the production in the EEPROM. These are
irretrievably overwritten during an update.

The ESI device description is stored locally on the slave and loaded on start-up. Each device description has
a unique identifier consisting of slave name (9 characters/digits) and a revision number (4 digits). Each slave
configured in the System Manager shows its identifier in the EtherCAT tab:
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. =B 5¥STEM - Configuration

_____ B N - Configuration General | EtherCAT | Process Data | Startup || CoE - Online | Oriline
- =58 PLC - Configuration
EI. I/ - Configuration Type: EL3204 ACh. Ana. Input PTT100[RTD]
= S 1/ Devices Product/Revision: | |EL3204-0000-0016
== Device 2 (EtherCAT)
.= Device 2-Image Auta Inc Addr: FFFF
g Device 2-Image-Infa EtherCAT Addr. [] [ Advanced Settings...
[+ & Inputs
- § outputs Previous Fort: Temn 1 (EK1101) - B
H-8 InfoData

= ‘1_1 Term 1 (EK1101)

-t ID

-§ WiState

-8 InfoData
i |Term 2 (EL3204)
| Term 3 (EL3201%

Fig. 206: Device identifier consisting of name EL3204-0000 and revision -0016

The configured identifier must be compatible with the actual device description used as hardware, i.e. the
description which the slave has loaded on start-up (in this case EL3204). Normally the configured revision
must be the same or lower than that actually present in the terminal network.

For further information on this, please refer to the EtherCAT system documentation.

® Update of XML/ESI description

The device revision is closely linked to the firmware and hardware used. Incompatible combinations
lead to malfunctions or even final shutdown of the device. Corresponding updates should only be
carried out in consultation with Beckhoff support.

Display of ESI slave identifier

The simplest way to ascertain compliance of configured and actual device description is to scan the
EtherCAT boxes in TwinCAT mode Config/FreeRun:

. - Bl S¥STEM - Configuration

_____ BB NC - Configuration General | Adapter | EH

- +- M PLC - Configuration

=8 1/o - Configuration Mo &ddr
Elﬁ I/ Devices °|j 1 1001

o= W i2 o
~=}= Devic ®g Append Box. ..
-I- Drewic

& %T Tnput 'M' Delete Device

S gl ?I}Itp[; @ online Reset
+-8 Info
= °|j Term 2% online Reload {Config Made only)

%T I Cnline Delete (Config Made only)

8 A
I
j T G§* Import Box...
|

m

"ﬁ Export Device..

T
T Scan Boxes...

Fig. 207: Scan the subordinate field by right-clicking on the EtherCAT device

If the found field matches the configured field, the display shows
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TwinCAT System Manager EI
L]
\ld) Configuration is identical

Fig. 208: Configuration is identical

otherwise a change dialog appears for entering the actual data in the configuration.
Check Configuration 3]

Found ltems: Dizahle » Configured [tems:

= B Tem5(EKIT0N) [EKT101-0000-0017] = B Tem1(EK1101] [EK11071-0000-0017]
-~ Tem 6 (EL3204) [EL3204-0000-00716] -
% Tem7(EL3201) [EL3201-0000-0017] Delete >

“ M Tem 8 (EL90T1)

|gnare >

M Temn 3[EL3201) [EL3201-0000-0018]

M Term 4 [EL9011)

» Copy Before »

» Copy After »

»» Copy all x>

| A B

Cancel

Extended Infarmation

Fig. 209: Change dialog

In this example in Fig. Change dialog, an EL3201-0000-0017 was found, while an EL3201-0000-0016 was
configured. In this case the configuration can be adapted with the Copy Before button. The Extended
Information checkbox must be set in order to display the revision.

Changing the ESI slave identifier
The ESI/EEPROM identifier can be updated as follows under TwinCAT:

e Trouble-free EtherCAT communication must be established with the slave.

» The state of the slave is irrelevant.

* Right-clicking on the slave in the online display opens the EEPROM Update dialog, Fig. EEPROM
Update
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+- B S¥STEM - Configuration
' M - Configuration
+- BB PLC - Configuration [
= l I}Cr - Configuration | Mo Addr | Mame State CRC
= B 1/0 Devices | |1 1001 Tem 1 (EKI101) PREOP 0.0
0.0

General | Adapter | EtherCAT | Onling | CoE - Online

—-=%= Device 2 (EtherCAT) { 2 1002 Tem 2 [EL3204) FREOF
s Device 2-Image 02 1003 Tem3[EL3201] 4T VPR
== Device 2-Tmage-Info | | Request ‘TMIT state

+-- &1 Inputs Request ‘PRECP state

- @ Outputs i Request 'SAFECP" skate

+$ InfoData ' Requesk 'O state

+-f Term 1 (EK1101) ' ; ;
‘i‘% Mappings Request BOOTSTRAR state

Clear 'ERROR state

EIFITIWEII’E Epaaie. o

Advanced Settings. ..

Properties...

Fig. 210: EEPROM Update

The new ESI description is selected in the following dialog, see Fig. Selecting the new ESI. The checkbox
Show Hidden Devices also displays older, normally hidden versions of a slave.

¥rite EEPROM

Axailable EEPROM Dezcriptions: A Show Hidden Devices

.

: - . Ana. Input F i L3207 -007 0-0071 6]
----- H EL3201-0020 1Ch. Ana. Input PT100 (RTD). High Precision, calibrated  (EL3201-0020-0016)
----- § EL3202 2Ch. Ana. Input PT100 (RTD] (EL3202-0000-0016)
----- § EL3202-0010 2Ch. Ana. Input PT100 (RTD). High Precision  [EL3202-0010-0018)
----- #E| 3204 4Ch Ana Inout PTI00IRTD] (EL3204-0000-007 6]
=™ EL3311 1Ch. Ana. Input Thermocouple [TC) (EL3311-0000-0017)
- j EL3311 1Ch. Ana. Input Thermocouple [TC] [EL33171-0000-0016]
58 ELEAT2 2Ch Ana. Tnput Thermocouple [TE] [ELFAT2-0000-0077)

Fig. 211: Selecting the new ESI

A progress bar in the System Manager shows the progress. Data are first written, then verified.

® The change only takes effect after a restart.

1 Most EtherCAT devices read a modified ESI description immediately or after startup from the INIT.
Some communication settings such as distributed clocks are only read during power-on. The Ether-
CAT slave therefore has to be switched off briefly in order for the change to take effect.

7.4.2 Firmware explanation

Determining the firmware version

Determining the version on laser inscription

Beckhoff EtherCAT slaves feature serial numbers applied by laser. The serial number has the following
structure: KK YY FF HH

KK - week of production (CW, calendar week)
YY - year of production

FF - firmware version

HH - hardware version
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Example with ser. no.: 12 10 03 02:

12 - week of production 12
10 - year of production 2010
03 - firmware version 03

02 - hardware version 02

Determining the version via the System Manager

The TwinCAT System Manager shows the version of the controller firmware if the master can access the
slave online. Click on the E-Bus Terminal whose controller firmware you want to check (in the example
terminal 2 (EL3204)) and select the tab CoE Online (CAN over EtherCAT).

® CoE Online and Offline CoE

1 Two CoE directories are available:
 online: This is offered in the EtherCAT slave by the controller, if the EtherCAT slave supports this.
This CoE directory can only be displayed if a slave is connected and operational.
« offline: The EtherCAT Slave Information ESI/XML may contain the default content of the CoE.
This CoE directory can only be displayed if it is included in the ESI (e.g. "Beckhoff EL5xxx.xml").

The Advanced button must be used for switching between the two views.

In Fig. Display of EL3204 firmware version the firmware version of the selected EL3204 is shown as 03 in
CoE entry Ox100A.

+ H SYSTEM - £ L 2
- cuﬁg?r'::g;:a - | Geresal | EthedCAT | Process Data | Startup | CE - Elrhnei Onfine |
(- B PLC - Corfiguration -
= 10 - Configuration [ Ao Updste  [#] Single Update [] Show Oifine Dala
=B 1/0 Devices tercan Bl I et t ] | |
=55 Device 2 PCA
lb Dewice 2-Image Sdd o Startup, | .Unine [iaka | | A Module 0D [AcE Parkl |[| |
=f= Device 2-Image-Info
=l e‘[ Irpuks Ireiizit Mame Flags Valua
- @) Outputs 1000 Device ype RO Do 401389 [20E7ES21)
-8 IrfcData 1008 Device name RO EL3204-D000
=T Term 1 (EK1LO1) I_I.IIIE_H.II&M‘* Bl [0
- g I 1008, Software version RO i |
B weokate *_lll'l:u Restare defaul paramelers Al HLE
5§ Infoouts M sdvanced settings |
B-§ Term 2 (EL5204) -
ey || (2 %oy
LB Term 4 {EL9011)
&8 Mappings e ¢ || [ @ onine J1ia 500 indcmaton ® Device OD
s 1C0 () Difine {frer Device Desciiption Modue 0D [via Ao por) |III
# 10 1
s 1%; jects [RxFOO)
* s Mappable Objects [T=FD0)
= Backup Objects
Settings Objects

Fig. 212: Display of EL3204 firmware version
In (A) TwinCAT 2.11 shows that the Online CoE directory is currently displayed. If this is not the case, the

Online directory can be loaded via the Online option in Advanced Settings (B) and double-clicking on
AllObjects.

7.4.3 Updating controller firmware *.efw

@® CoE directory

The Online CoE directory is managed by the controller and stored in a dedicated EEPROM, which
is generally not changed during a firmware update.

Switch to the Online tab to update the controller firmware of a slave, see Fig. Firmware Update.
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Fig. 213: Firmware Update

open %

v| G?‘ N i

g

[ Cancel |

Proceed as follows, unless instructed otherwise by Beckhoff support. Valid for TwinCAT 2 and 3 as

EtherCAT master.

» Switch TwinCAT system to ConfigMode/FreeRun with cycle time >= 1 ms (default in ConfigMode is 4
ms). A FW-Update during real time operation is not recommended.

Microsoft Visual Studio

{QI Load I/O Devices

3 |
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J |
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@ o-a@| & =

Microsoft Visual Studio

g ..“'_
I:_el Activate Free Run

=

[ Yes

J |

R VAN

sl ™
| General | Adapter | EthercAY{] Oriine o - Orine |

Search Solution Explorer (Ctrl+ Q) P~
SAFETY ~ No Addr  Name CRC
& o+ 1 1001  Tem 5(EL1004) 0.0
d ) M2 1002 Tem 6(EL2004) 0.0
. ™ 3 1003 Tem 7(ELGG8S) 0
4
j!, Image-Info
b 2 SyncUnits Actual State: PREOP Couriter Cyclic Queued
4 Inputs [t ] p | [SafeOp| | Op Send Frames 17167 + 5289
#1 Frm05tate [ Clea [ Clear Frames ] Frames / sec 459 + 43
#1 Frm0WcState Lost Frames 0 = 0
# FrmOInputToggle TP Emmors 0 /0
#1 SlaveCount
# DevState
» Switch slave to INIT (A)
+ Switch slave to BOOTSTRAP
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» Check the current status (B, C)
* Download the new *efw file (wait until it ends). A pass word will not be neccessary usually.

Microsoft Visual Studic ==

| Function Succeeded!

« After the download switch to INIT, then PreOP
» Switch off the slave briefly (don't pull under voltage!)
» Check within CoE 0x100A, if the FW status was correctly overtaken.

744 FPGA firmware *.rbf

If an FPGA chip deals with the EtherCAT communication an update may be accomplished via an *.rbf file.

» Controller firmware for processing I/O signals
* FPGA firmware for EtherCAT communication (only for terminals with FPGA)

The firmware version number included in the terminal serial number contains both firmware components. If
one of these firmware components is modified this version number is updated.

Determining the version via the System Manager

The TwinCAT System Manager indicates the FPGA firmware version. Click on the Ethernet card of your
EtherCAT strand (Device 2 in the example) and select the Online tab.

The Reg:0002 column indicates the firmware version of the individual EtherCAT devices in hexadecimal and
decimal representation.
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File Edit Actions Mew Options Help
DE@W &0 b B TREEIE
ﬂ S¥STEM - Configuration Generall A dapterl EtherCaT  Online I
-8 CMC - Configuration
B C - Configuration Mo | add | Mame | state | CRC| Reg:Oo02
..... ! PLC - C.:.nﬂguratpjn _E 1 100 Termn 1 [EKHDD] arF N w0002 [11]
E| . I/ - Configuration .j 21002 Term 2 [ELTOZ aF 0 O0=0002 [10]
=1 B 1/0 Devices B3 1003 Tem3(EL2004] OP 0 0x0002(11)
. mrice 2 f 'CAT) j 4 1004 Term 4 [ELIT02) aF 0 0=0002 [10]
Foewerm || F N Temiglim or o oomem
s
G § Inputs % 7 1007 Temm7[ELETST] OP 0O  D«000C(12]
- @l Outputs Actual State: IEIF' Send Frames: |?423?
[+ InfoData _
w- i Term 1 (EK1100) nit | PreOp | SafeOp| Op | Frames/sec:[329
~EH Mappings Clear CRC | Clear Frames | Lozt Frames: IEI
Mumber | Box: Mame | Address | Type | In Size | ) -
E 1 Term 1 (EK1100) 1001  EK1100 0.0 o_|
™z Termz (ELZ004) 1002 ELZ004 0.0 0
®i 3 Term3(EL2004) 1003 ELZ004 0.0
4 Term 4 (ELSO01) 1004  ELS001 5.0 0|
Ready Local () Free Run

Fig. 214: FPGA firmware version definition

If the column Reg:0002 is not displayed, right-click the table header and select Properties in the context
menu.

Reguest THIT' state
Request ‘PREDE state
Request 'SAFECE" skate
Request 'OF" skate

Reguest BOOTSTRAR state

Clear 'ERROR' skate

EEPROM Update. ..
Firrmware Update, .,
Advanced Settings. ..

Properties. .,

Fig. 215: Context menu Properties

The Advanced Settings dialog appears where the columns to be displayed can be selected. Under
Diagnosis/Online View select the ‘0002 ETxxxx Build' check box in order to activate the FPGA firmware
version display.
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Advanced Settings Ed

B rilirie: iew

=" Emergency 10000 'ET 1smms FevdType' il IUUDD Add
" 5ean w0002 'E T Bl
[ 10004 "5 /Fhdbdll Crit [ Show Change Counters

(10006 'DPRAM Size'

[]0008 ‘Features'

(10070 'Phys Addr’'

(10012 'Phys Addr 2nd' ;I

0k, I Abbrechen

Fig. 216: Dialog Advanced Settings

Update

For updating the FPGA firmware

« of an EtherCAT coupler the coupler must have FPGA firmware version 11 or higher;
« of an E-Bus Terminal the terminal must have FPGA firmware version 10 or higher.

Older firmware versions can only be updated by the manufacturer!

Updating an EtherCAT device

The following sequence order have to be met if no other specifications are given (e.g. by the Beckhoff
support):

» Switch TwinCAT system to ConfigMode/FreeRun with cycle time >= 1 ms (default in ConfigMode is
4 ms). A FW-Update during real time operation is not recommended.
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* In the TwinCAT System Manager select the terminal for which the FPGA firmware is to be updated (in
the example: Terminal 5: EL5001) and
click the Advanced Settings button in the EtherCAT tab:

File Edit Actions Yiew Options  Help

DeeE &0 222 Ad 2Heavdd @i @ % B
a SYSTEM - Configuration General  EtherCAT | Process Data I Startupl CoE - Dnlinel I:Inlinel
' CHC - Configuration
' MC - Configuration Tupe: |EL500T 1K. 551 Encoder
! PL:Z - Configuration
E‘l I{ - Configuration Froduct / Revision: IELEEIEI'I -0000-0000
E‘?;ﬁ Eevli.'ie; (EtherCaT) Auta Inc Address: IFFFE
- erd er
== Device 2-Image EtherCAT Address: [ |1EIEIE E: &dvanced Settings... * |
== Device 2-Image-Info Previous Port [Tem 4 (ELEOM) - B =l
[+ %T Inputs

- @l outputs

- § InfoData

-3 Term 1 (EK1100)
£-§ InfoData

oM Term 2 (EL2004)
o Term 3 (EL2004)
£ Term 4 (ELS001)

hittpe v, beckhoff, dedgermandef ault bt PE therCAT AE LAOOT . kb

(SR Term 5 (ELS001)
%T Channel 1 Mame | | online | Tvpe | Size
- § WcState &1 Stakus 0w (B5) EYTE 1.0
. -8 InfoData T value 00000000 {0} LIDIMT 4.0
=¥ Term & (ELS101) Olwiestate 0 BOIOL o1
ﬁj Term 7 (ELS5101} W state 00003 () LIMT 2.0
,@j Term 8 (ELS010) ST adsaddr AC1003F30301 ED O3 AMSADDRESS 8.0
-G8 Mappings 1] |
Ready [Local () [
» The Advanced Settings dialog appears. Under ESC Access/E?PROM/FPGA click on Write FPGA
button:
Advanced Settings
[ General FPGA
Mailba
- Distributed Clack | wirite FPGA...
B ESC Access

k. Cancel
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» Select the file (*.rbf) with the new FPGA firmware, and transfer it to the EtherCAT device:

Search in; Il.f} Firmia/are j Q) . A

COM_T1 _EBUS BGA_LYTTL_F2_S4 BLD12.rbf

File name: |4 LYTL_F2_54_BLD1Z.rbf | Open |
File type: | FPGA Fill [ 1bf) = Cancel |
4

¢ Wait until download ends

» Switch slave current less for a short time (don't pull under voltage!). In order to activate the new FPGA
firmware a restart (switching the power supply off and on again) of the EtherCAT device is required.

* Check the new FPGA status

Risk of damage to the device!

A download of firmware to an EtherCAT device must not be interrupted in any case! If you interrupt this
process by switching off power supply or disconnecting the Ethernet link, the EtherCAT device can only be
recommissioned by the manufacturer!

7.4.5 Simultaneous updating of several EtherCAT devices

The firmware and ESI descriptions of several devices can be updated simultaneously, provided the devices
have the same firmware file/ESI.

General | Adapter | EtherCAT | Orline | CoE - Online

Mo Addr | Mame State
1
= B
.l 4l —
ﬁ ; 1004 : i Request TNIT' skate
5 R e [ Akilis|  Request PRECP state

Request 'SAFEOP' skake
Request 'OF' state

Request 'BOOTSTRAP' skate

Clear 'ERROR' stake

EEPROM Lpdate, ..

Fig. 217: Multiple selection and firmware update

Select the required slaves and carry out the firmware update in BOOTSTRAP mode as described above.
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7.5 Support and Service

Beckhoff and their partners around the world offer comprehensive support and service, making available fast
and competent assistance with all questions related to Beckhoff products and system solutions.

Beckhoff's branch offices and representatives

Please contact your Beckhoff branch office or representative for local support and service on Beckhoff
products!

The addresses of Beckhoff's branch offices and representatives round the world can be found on her internet
pages:
http://www.beckhoff.com

You will also find further documentation for Beckhoff components there.

Beckhoff Headquarters
Beckhoff Automation GmbH & Co. KG

Huelshorstweg 20

33415 Verl

Germany

Phone: +49(0)5246/963-0
Fax: +49(0)5246/963-198
e-mail: info@beckhoff.com
Beckhoff Support

Support offers you comprehensive technical assistance, helping you not only with the application of
individual Beckhoff products, but also with other, wide-ranging services:

* support
+ design, programming and commissioning of complex automation systems
+ and extensive training program for Beckhoff system components

Hotline: +49(0)5246/963-157
Fax: +49(0)5246/963-9157
e-mail: support@beckhoff.com

Beckhoff Service

The Beckhoff Service Center supports you in all matters of after-sales service:
+ on-site service
* repair service
 spare parts service
* hotline service

Hotline: +49(0)5246/963-460
Fax: +49(0)5246/963-479
e-mail: service@beckhoff.com
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