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BEGKHOFF Foreword

1 Foreword

1.1 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®, TwinCAT/BSD®, TC/BSD®, EtherCAT®, EtherCAT G®, EtherCAT G10°, EtherCAT P®,
Safety over EtherCAT®, TWinSAFE®, XFC®, XTS® and XPlanar® 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, EP1456722, EP2137893, DE102015105702 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.

CuU2508 Version: 2.7 5
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1.2 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: 2.7 CuU2508
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1.3 Documentation issue status
Version Comment
2.7 - New front page

- Update chapter “Version identification of EtherCAT devices”
- Chapter ,Technical data“ updated

- Chapter “Installation positions” added

- Chapter “Disposal” added

- Update revision status

- Update structure

2.6 - Chapter ,Firmware Update® updated
- Update revision status
- Update structure

2.5 - Chapter ,Technical data“ updated
- Chapter ,Technology“ updated

- Update revision status

- Update structure

2.4 - Chapter ,Technology“ updated
- Update revision status
- Update structure

2.3 - Chapter ,Technology“ updated
- Update revision status
- Update structure

2.2 - Chapter ,Firmware Update® updated
- Update revision status
- Update structure

2.1 - Chapter ,Portdefinition TwinCAT 2.11“ updated
- Chapter ,Technical data“ updated
- Update structure

20 - Migration
1.8 - Update chapter "LEDs and connection"
- Update structure
1.7 - Addenda chapter "Setting up under TwinCAT 2.11"
1.6 - Addenda chapter "Setting up: PROFINET Controller/Device"
1.5 - Addenda chapter "Technology"”
14 - Addenda note chapter Ethernet/IP slave
1.3 - Addenda RT Ethernet
1.2 - Addenda current firmware status
1.1 - Addenda Ethernet/IP slave
1.0 - Corrections, 1 public issue
0.1 - Preliminary documentation for CU2508

CuU2508 Version: 2.7 7
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1.4 Version identification of EtherCAT devices
1.4.1 General notes on marking
Designation

A Beckhoff EtherCAT device has a 14-digit designation, made up of

« family key
* type

* 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.

8 Version: 2.7 CuU2508
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1.4.2 Version identification of CU Switches

The serial number/ data code for Beckhoff IO 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 Example with serial number 12 06 3A 02:
KK - week of production (CW, calendar week) 12 - production week 12

YY - year of production 06 - production year 2006

FF - firmware version 3A - firmware version 3A

HH - hardware version 02 - hardware version 02

CuU1521

EtherCAT media

converter, multimode
fiber optic

=k .
BTN: 00007su0
Ser. No.: 4820/ c €
Made in GERMANY

Fig. 1: CU1521 switch with serial number 4820/ and the unique Beckhoff Traceability Number (BTN)
00007su0

1.4.3 Beckhoff Identification Code (BIC)

The Beckhoff Identification Code (BIC) is increasingly being applied to Beckhoff products to uniquely identify
the product. The BIC is represented as a Data Matrix Code (DMC, code scheme ECC200), the content is
based on the ANSI standard MH10.8.2-2016.

Fig. 2: BIC as data matrix code (DMC, code scheme ECC200)

The BIC will be introduced step by step across all product groups.

Depending on the product, it can be found in the following places:
» on the packaging unit
« directly on the product (if space suffices)
» on the packaging unit and the product

CuU2508 Version: 2.7 9
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The BIC is machine-readable and contains information that can also be used by the customer for handling
and product management.

Each piece of information can be uniquely identified using the so-called data identifier
(ANSI MH10.8.2-2016). The data identifier is followed by a character string. Both together have a maximum
length according to the table below. If the information is shorter, spaces are added to it.

Following information is possible, positions 1 to 4 are always present, the other according to need of
production:

Posi-| Type of Explanation Data Number of digits Example
tion |information identifier |incl. data identifier
1 Beckhoff order Beckhoff order number |1P 8 1P072222
number
2 Beckhoff Traceability|lUnique serial number, |SBTN 12 SBTNk4p562d7
Number (BTN) see note below
3 Article description Beckhoff article 1K 32 1KEL1809
description, e.g.
EL1008
4 Quantity Quantity in packaging |Q 6 Q1
unit, e.g. 1, 10, etc.
5 Batch number Optional: Year and week |2P 14 2P401503180016
of production
6 ID/serial number Optional: Present-day 518 12 515678294
serial number system,
e.g. with safety products
7 Variant number Optional: Product variant [30P 32 30PF971, 2*K183
number on the basis of
standard products

Further types of information and data identifiers are used by Beckhoff and serve internal processes.

Structure of the BIC

Example of composite information from positions 1 to 4 and with the above given example value on position
6. The data identifiers are highlighted in bold font:

1P072222SBTNk4p562d71KEL1809 Q1 515678294

Accordingly as DMC:
—Ee a1t AR

Fig. 3: Example DMC 1P072222SBTNk4p562d71KEL1809 Q1 518678294

BTN

An important component of the BIC is the Beckhoff Traceability Number (BTN, position 2). The BTN is a
unique serial number consisting of eight characters that will replace all other serial number systems at
Beckhoff in the long term (e.g. batch designations on IO components, previous serial number range for
safety products, etc.). The BTN will also be introduced step by step, so it may happen that the BTN is not yet
coded in the BIC.

10 Version: 2.7 CuU2508
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Foreword

This information has been carefully prepared. However, the procedure described is constantly being further
developed. We reserve the right to revise and change procedures and documentation at any time and with-
out prior notice. No claims for changes can be made from the information, illustrations and descriptions in
this information.

1.4.4

Electronic access to the BIC (eBIC)

Electronic BIC (eBIC)

The Beckhoff Identification Code (BIC) is applied to the outside of Beckhoff products in a visible place. If
possible, it should also be electronically readable.

Decisive for the electronic readout is the interface via which the product can be electronically addressed.

K-bus devices (IP20, IP67)

Currently, no electronic storage and readout is planned for these devices.

EtherCAT devices (IP20, IP67)

All Beckhoff EtherCAT devices have a so-called ESI-EEPROM, which contains the EtherCAT identity with
the revision number. Stored in it is the EtherCAT slave information, also colloquially known as ESI/XML
configuration file for the EtherCAT master. See the corresponding chapter in the EtherCAT system manual

(Link) for the relationships.

The eBIC is also stored in the ESI-EEPROM. The eBIC was introduced into the Beckhoff I/O production
(terminals, boxes) from 2020; widespread implementation is expected in 2021.

The user can electronically access the eBIC (if existent) as follows:
+ With all EtherCAT devices, the EtherCAT master (TwinCAT) can read the eBIC from the ESI-EEPROM

[

o

From TwinCAT 3.1 build 4024.11, the eBIC can be displayed in the online view.

To do this,
check the checkbox "Show Beckhoff Identification Code (BIC)" under
EtherCAT — Advanced Settings — Diagnostics:

TwinCAT Project3) & X
General  Adapter ENeCAT  Gnline  CoE - Online
Advanced Settings
- State Machine Online View
Expart Corfiguration Fle... Cyclic Frames
: 0000 ‘ESC Rev/Type' 0000
‘Symc Unit Assignment f E:Etr;ium:rt[lu(ks %m}ﬂz = EjiL' ype ~ Add
H PP (0004 'SM/FMMU Cot
Topology. - Redundancy (0006 Pors/DPRAM" DSSI'\owlénangeC;:uNmer;
Emergency 0008 Features’ (State Changes / Not Present)

[]0010 Phys Addr

Fame Cmd  Addr Llen  WC  SyncUnit Cycle fms)  Ukiizatio [[]0012 Configured Station Aliss’ [1 Show Production Info
[]0020 ‘Register Protect’

Mo wR  oo0l000000 1 1 <defauit> 4000 (0030 Aecess Protect

Mo BRD  O0D000CIN 2 2z 4.000 017 (0040 'ESC reset’ 7 Show BeckhaR Gerticatin

017 []0100 ESC Cu’ Code(BIC)

[]0102 'ESC ClEx’
[]0108 Phys. RW Offset”
[]0110 ESC Status™
0120 ALCH"

The BTN and its contents are then displayed:

General Adspter EtherCAT Oriine  CoF - Onine

Mo Add Name State CRC Fw Hw Production Data Rembio BTN Descrigtion Quantty Batchho Serallio
B 1001 Term 1(EX1100) oP 0.0 0 0 -
82 1002 Tem2(ELIOIG op 0.0 0 0 2020 KW36 Fr 072222 k56247 EL1809 1 678294
™3 1003 Tem 3(ELI24) op 0.0 7 € 2012 KW24 52
" 4 1004 Temm 4 (EL2004) oP 0.0 0 0 - (g7 7z} kdpS62d7 EL2004 1 678295
B5 1005 TemSELING oF 0.0 0 0 -
"™ & 1006 Tem 6(EL2008) oP 0.0 0 12 2014 KW14 Mo
L7 1007 Tee T(EKINO) oP 0 1 ] 2012 KW25 Mo

Note: as can be seen in the illustration, the production data HW version, FW version and
production date, which have been programmed since 2012, can also be displayed with "Show
Production Info".

CuU2508

Version: 2.7 1
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o From TwinCAT 3.1. build 4024.24 the functions FB_EcReadBIC and FB_EcReadBTN for reading
into the PLC and further eBIC auxiliary functions are available in the Tc2_EtherCAT Library from
v3.3.19.0.

* In the case of EtherCAT devices with CoE directory, the object 0x10E2:01 can additionally by used to
display the device's own eBIC; the PLC can also simply access the information here:

> The device must be in SAFEOP/OP for access:

Indes Hame Flags Value
1000 Deviice hype RO 0151385 (X294 2601)
1008 Deviice name RO ELM3T04-0000
1003 Hardware verson RO 1]
1004, Softwars vermon RO o
1008 Bootloader version RO 01270
1010 Faestons defaull parameters RO -3
« 10180 Identity =] s 4%
= 10E2:0 Manufscturer-speciic Identification C RO 31«
WEZN  Sublindsx 001 RO 1P1564425ETHOD0 ek 1 KELMITDS Q1 2P4E2001000016
+ - 10F0:0 Bacloup parsmetar handing RO »1«
+ 10F3:0 Ciagnoais Hesloey RO 221«
10F8 Actual Tima Stamp RO Be1 b2 7

> the object 0x10E2 will be introduced into stock products in the course of a necessary firmware
revision.

o From TwinCAT 3.1. build 4024.24 the functions FB_EcCoEReadBIC and FB_EcCoEReadBTN for
reading into the PLC and further eBIC auxiliary functions are available in the Tc2_EtherCAT
Library from v3.3.19.0.

* Note: in the case of electronic further processing, the BTN is to be handled as a string(8); the identifier
"SBTN" is not part of the BTN.

» Technical background
The new BIC information is additionally written as a category in the ESI-EEPROM during the device
production. The structure of the ESI content is largely dictated by the ETG specifications, therefore the
additional vendor-specific content is stored with the help of a category according to ETG.2010. ID 03
indicates to all EtherCAT masters that they must not overwrite these data in case of an update or
restore the data after an ESI update.
The structure follows the content of the BIC, see there. This results in a memory requirement of
approx. 50..200 bytes in the EEPROM.

» Special cases

o If multiple, hierarchically arranged ESCs are installed in a device, only the top-level ESC carries
the eBIC Information.

o If multiple, non-hierarchically arranged ESCs are installed in a device, all ESCs carry the eBIC
Information.

o If the device consists of several sub-devices with their own identity, but only the top-level device is
accessible via EtherCAT, the eBIC of the top-level device is located in the CoE object directory
0x10E2:01 and the eBICs of the sub-devices follow in 0x10E2:nn.

Profibus/Profinet/DeviceNet... Devices

Currently, no electronic storage and readout is planned for these devices.

12 Version: 2.7 CuU2508
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2 Product overview

2.1 Introduction

Fig. 4: CU2508

Real-time Ethernet port multiplier

The real-time Ethernet port multiplier allows the connection of eight independent FastEthernet networks
(100 Mbit/s). The CU2508 is connected to the PC via a gigabit uplink.

The PC offers high-performance data transfer to the multiplier, which allocates the data to the relevant
100BASE-TX port based on an analysis of a frame prefix and sends them time-controlled with us precision.
Received frames are also allocated a prefix including a time stamp and sent to the PC.

With the aid of a driver, users have eight independent ports with full real-time characteristics available. The
CU2508 is used in applications in which several Ethernet ports are required that need to be realized
externally to the PC.

TwinCAT 2.11 supports the CU2508 and avoids the need for further network ports at the PC. For extremely
high demands, an EtherCAT installation can, for example, be distributed or expanded to up to eight strands
in order to multiply the performance. The distributed clocks of the EtherCAT strands are synchronized. An
EtherCAT cable redundancy in conjunction with distributed clocks can also be realized with two ports of the
Cu2508.

Quick links

e Technology basics [P_14]

* Setup CU2508 [» 31]

e Setup EtherCAT [p_34]

e Setup EtherCAT cable redundancy [» 39]

* ESL protocol [»_66]

CuU2508 Version: 2.7 13
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2.2 Technical data

Technical data

CuU2508

Operating voltage

24 (18...30) V¢, 250 mA, 3-pin connector (+, -, PE)

Number of Ethernet ports

8 x 100 Mbit/s (100BASE-TX) and 1 x 1 Gbit/s (1000BASE-T, Uplink)

Ethernet interface RJ 45

Cable length up to 100 m, min. CAT5 twisted-pair, shielded

Diagnosis via LED, software

Protocols depends on used CU2508 driver
TwinCAT: Ethernet TCP/IP; real-time protocols: EtherCAT,
PROFINET, RT Ethernet etc.

TwinCAT support TwinCAT from version 2.11R2 (build 2028)

Operating systems XP/7/WES and CE/WEC

Electrical isolation

1,500 V

Weight

approx. 500 g

range during storage

permissible ambient temperature 0°C ... +55°C
range during operation
permissible ambient temperature -25°C ... + 85°C

permissible relative humidity

95 %, no condensation

Dimensions [P 22] (W x H x D)

approx. 146 mm x 100 mm x 30 mm

Mounting [P 25]

on 35 mm mounting rail conforms to EN 60715

Vibration/shock resistance

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

EMC immunity/emission

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

Protection class IP20

Installation position variable

Approval CE, EAC, UKCA
cULus [P 29]

*) Real applicable approvals/markings see type plate on the side (product marking).

2.3 Technology

Introduction

As a port multiplier that is as transparent as possible, the CU2508 extends one Gbit Ethernet port on the
controller to 8 FastEthernet ports in the field. It transports IEEE802.3 conformant Ethernet frames with
arbitrary contents.

Each port of the CU2508 sends and receives FastEthernet frames (100 Mbit, 100BASE-TX) over up to
100 m of copper cable/RJ45. The CU2508 does not generate or process the contents of any frames itself;
instead, it exclusively forwards frames sent to it by a special software driver to the field selectively via its 8
ports or forwards frames received from the field to the driver. The highly precise time information regarding
when the frames are sent or received is thereby optional.

To this end, the CU2508 has at its disposal

 the Uplink Gbit Master Port (X9) to the driver in the controller, which needs a Gbit connection at the
opposite end

+ 8 equivalent 10/100 Mbit downlink ports (X1-X8) for the real-time traffic to the connected field devices

A CU2508 system thus consists of the CU2508 device and the CU2508 driver, e.g. integrated in TwinCAT
2.11R2 or TwinCAT 3.

14 Version: 2.7 CuU2508
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The CU2508 system does not replace master implementations of Ethernet based field buses; instead, it
tunnels specified data telegrams via the Gbit connection and then sends the frames at the specified time. It
behaves transparently for the protocols fed across it, with exception of the EtherCAT protocol — in this case a
CU2508 device is visible as the first slave in the configuration. Each materially existent /0 system on the
field side must therefore match a logical master component in the controller.

Several CU2508s can be used in each TwinCAT system.

X

[ — GBIt | Becktor _
. . CU2508
| . [u}
] connection -
'ﬂ— [=] oo oo oo [m] |
e, IS
& IntAct
& Emor ! H ! ! 52 oo e o 0 e e
I . Pmr B Ll (=14 Roal ol
- |E||:| J nofaelaalas sl
T - |: o ele OO-OC‘O T
controller Ccu2508 field stations

Fig. 5: Principle CU2508 topology

Downlink Port characteristics

The default setting of the CU2508 is optimized for use with EtherCAT downlinks, especially for EtherCAT 10
redundancy operation. Therefore the 8 downlinks up to and including FW11 in the factory setting had the
function to mirror incoming 100 Mbit frames back to the transmitter if the 1 GBit uplink is missing, called
"Auto Link Close".

1
i
1
GBit .
\N/ |E ]
! connection /\ r' -
(0 o N
o Eror A
I e P L P L
[
| L
I L.
Controller CU2508 :

Fig. 6: Display "Auto Link Close"

In non-EtherCAT operation this feature can be a problem and might disrupt the underlying network.
Therefore it is deactivated globally for all downlink ports starting from FW12, so that in case of an uplink loss
no return of incoming 100 Mbit frames takes place but the frames in the CU2508 "percolate". The electrical
link is not changed.

CuU2508 Version: 2.7 15
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ESL protocol

The software driver in the controller/control device/IPC forms the counterpart to the CU2508. It works on a
Gbit port in the controller and "packs" the user data into the EtherCAT Switch Link Protocol (ESL) or unpacks
the ESL protocol from the CU2508 and forwards the user data to the application. Therefore, no extra
telegram containing control data is sent to/from the CU2508 for the handling of the user data; instead, the
user data generated by user programs are supplemented by several bytes of control and information data for
the connection between controller and CU2508.

The CU2508 driver is integrated in TwinCAT from version 2.11R2 onwards; pay attention to the
specifications in the Technical data. The ESL protocol is disclosed, see the Description page. In addition, it
has been included in the Wireshark-Installation since version 1.4.2.

EtherCAT systems and CU2508

The CU2508 can be used to operate several FastEthernet EtherCAT systems on one port of the IPC, i.e.
quasi as port-multiplier. Hence the term "port multiplier”.

When operating several EtherCAT systems on the ports of a CU2508, temporal effects may occur that may
be relevant for the application. Some explanations are provided below.

The CU2508 essentially supports the following three operation modes. To understand this, basic knowledge
of the EtherCAT operation modes and synchronization methods is helpful.

1. Standard mode: no frame influence, no DistributedClocks

o The CU2508 forwards incoming frames via Gbit-ESL to the desired FastEthernet port, also in the
opposite direction. There is no time control for the Ethernet frames.

o The EtherCAT slaves of the lower-level systems therefore operate on a frame-triggered basis (also
referred to as FreeRun mode), and the output times are essentially dependent on frame delays/
jitter, for example.

2. Time-controlled sending/time-stamped receiving: with frame influence, no DistributedClocks

o The CU2508 forwards incoming frames via Gbit-ESL to the desired FastEthernet port at the
requested time. Time stamping takes place in the opposite direction. In other words, the Ethernet
frames are time-controlled.

o Frame-triggered EtherCAT slaves thus operate with "low jitter", and "synchronized" between the
EtherCAT systems.

> In order for the frames to be forwarded on a time-controlled basis, buffering in the CU2508 is
required, which may cause considerable delays. For short cycle times the feasibility should be
verified!

o This operation mode is not yet supported (as of 2019).
3. DistributedClocks mode, no frame influence

o The forwarded EtherCAT frames are subject to temporal influence by the transmitting IPC, the
CU2508 and the EtherCAT slaves.

o The ports X1..8 are parameterized as DistributedClocks - ReferenceClocks

o Thus, the EtherCAT slaves of the lower-level systems that support DistributedClocks also operate
DC-synchronously. This means that the input/output operations in these slaves can be
synchronized, even at the "same" time between the EtherCAT systems on ports X1..8.

In this case the overall system is essentially independent of frame delays/jitter, as long as these
are not significant enough to impair the DistributedClocks control.

o With regard to EtherCAT operation, this method is essentially the most sensible, because
« it offers the best temporal definition for the input/output operations of the EtherCAT devices
* no time buffers are necessary in the CU2508

The following aspects must be taken into account in order to be able to estimate temporal effects in
operation modes 1 and 3:

» Depending on the data content, Ethernet frames have a time length of
o X1..8 FastEthernet: 7..128 s, InterFrameGap (IFG) 9.6 us
o X9 Gbit: 0.7..12 ys, IFG 0.96 us
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» The CU2508 has an internal delaying data buffer for each port, due to the different transport speed.

« TwinCAT sends the Gbit frames for X9 serially (one after another) via the GBIT/ESL connection. The
GBit frame lengths can be of a magnitude that is significant in the context of short TwinCAT cycle
times!

+ If several tasks are to be processed in TwinCAT, by default TwinCAT processes them serially (one
after the other). As a result, the ESL frames are sent with a corresponding delay.
The "isolated core" setting in the RealTime tasks provides a remedy so that the tasks can be
processed in parallel.

» The EtherCAT frame length must also be taken into account.
Example: An EtherCAT system is installed at ports X1 and X2, each with an EL2202 as output
terminal. The edges are to be measured with an oscilloscope for demonstration purposes. In system
X1 the bit of the respective output terminal used is in a short 7 ys frame, whereas in system X2 itisin a
long 128 ps frame. This alone causes the signal to be output 121 ps later in system X2.
A remedy is provided by DistributedClocks, see above.
(The position of the output data in the EtherCAT frame is usually irrelevant since output data is only
output after the checksum procedure, once the frame has fully passed the output device.)

+ Typical delays caused by the management of the CU2508 are as follows

o In the downlink
Gbit X9 to FastEthernet X1..4: tFE =1 us
Gbit X9 to FastEthernet X5..8: tFE = 1.6 us

CU2508 Downlink Delay

Gbit Frame

Fast Ethemet Frame

it

Fig. 7: CU2508 Downlink Delay

o In the uplink
FastEthernet X1..X4 to Gbit X9: tGE = 0.7 ps
FastEthernet X5..X8 to Gbit X9: tGE = 1.1 ys
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CU2508 Uplink Delay

Fast Ethemet Frame

Gbit Frame

IIl Finme tg_',(

Fig. 8: CU2508 Uplink Delay

o These delays are therefore relatively insignificant compared to the other factors mentioned above.
What immediately catches the eye, however, is the importance of the frame length and the
required buffering in the uplink.

CU2508 as EtherCAT slave

Each downlink port of the CU2508 can be configured as a separate "EtherCAT device", see chapter

EtherCAT device setup [»_34]. In this case the CU2508 port represents the first EtherCAT device in the
system. It is capable of Distributed Clocks and can therefore operate as a reference clock in the strand.

The combination of EtherCAT cable redundancy and Distributed Clock function is possible by combining two
such EtherCAT ports using the "TwinCAT cable redundancy" supplement (subject to charge).

Time-controlled send/receive (in preparation)

The frame forwarding in the CU2508 can be subjected to precise time control by the local clock:

« the driver or the user application specifies the downlink port via which the frame is to be sent by the
CU2508 and when.
These data are added by the driver to each frame as additional information.

+ each frame received by the CU2508 at a Downlink port is supplemented by receipt information
(receiving port, time) and forwarded to the controller via the uplink.

The local hardware-based clock in the CU2508 then controls the sending of the frames with a high temporal
quality. In this way, the CU2508 permits the construction of a real-time Ethernet network (TwinCAT
Publisher/Subscriber, Profinet etc.), even if the control device cannot guarantee hard real-time when sending
the protocol data. However, the control device must be able to deliver or accept the data with sufficient
speed.

The time controller uses the 64-bit time format familiar from the EtherCAT Distributed Clocks system:
resolution 1 ns, starting from 1.1.2000 00:00 and thus adequate for ~584 years

The time stamp information (sending and receiving) is for the time being only evaluated by the CU2508
driver and is not available to the user application.

As the start of an Ethernet frame, the SFD (Start of Frame Delimiter) is evaluated according to the
IEEE802.3 standard.

EoE and TCP/IP

The CU2508 is connected to the IPC via the Gbit interface. This Ethernet interface appears in the operating
system/Windows of the IPC with its properties (IP address, IP mask etc.). From the point of view of the
operating system, therefore, there is “only” this network connection via which telegrams can be sent or
received. The CU2508 driver can now either convey data traffic from the operating system level to a
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dedicated CU2508 port or feed it into the virtual EtherCAT EoE “switch”. Also compare the documentation for
the EL6601/EL6614 here. The selection is made in the settings in the System Manager. Either the specific
CU2508 port or generally EoE can be selected via "TCP/IP Port".

Refer in particular to the TCP/IP notes [» 42] here.
CU2508 setting: ,TCP/IP Port x"

IPC
05/ Windows
TCPR/IP
Gbit Ethernet Port Beckhoff
(8]
25525500 e
TCPRI/IP
TwinCAT realtime Cc
EtherCAT
networks oy
.
.
.
CU2508 setting: , TCP/IP via EoE"
IPC
05/ Windows
TCP/IP
Ghit Ethernet Port Beckhoff
19216811 0 i
CU2508
25525500 D.
TwinCAT realtime Clms0s
ar TCP/IP aver EoE @ Run
e
EtherCAT 2 By
networks oy
.
.
.

Fig. 9: Different IP data traffic depending on the setting

Applications
The above-described functions permit the use of the CU2508 for the following applications, among others:

o Multi EtherCAT adapter [P 34]
Up to 8 independent EtherCAT systems can be created.

* Synchronized EtherCAT systems [P 34]
If the CU2508 is selected as the ReferenceClock, the EtherCAT systems connected to the CU2508 are
operated with the same synchronized time base.

» EtherCAT cable redundancy [P 39]
2 downlink ports of each CU2508 can be combined into a cable-redundant EtherCAT system. Hence,
fewer Ethernet ports are occupied on the controller; only one Gbit Ethernet port is required for the
uplink. Up to 4 cable-redundant EtherCAT systems are possible. The CU2508 is placed next to the
controller in the control cabinet; I/0O cable connections that are in danger of being disconnected are
then fed redundantly out of the control cabinet in the ring closure.
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Fig. 10: Use of the CU2508 as an EtherCAT cable redundancy star point

» EtherCAT cable redundancy with Distributed Clocks [»_39]
The common time base of the CU2508 ensures that EtherCAT slaves that require Distributed Clocks
are still subject to synchronization in the case of redundancy.
The CU2508 is currently the only way to operate Distributed Clocks compatible slaves in a cable-
redundant ring.

e Use of TCP/IP without real-time [» 42]

A downlink port on the CU2508 can be configured as a non-real-time Ethernet port, or the CU2508
works in the Ethernet over EtherCAT (EoE) network and forwards TCP/IP frames from the connected
EtherCAT systems.

Fig. 11: Use of the CU2508 as an Ethernet multi-protocol handler with EtherCAT and TCP/IP

* Real time fieldbus on non-real-time controller
If an Ethernet-based fieldbus requires a reliable constancy with respect to the sending of
communication telegrams, low jitter is demanded in the cyclic operations of the controller. If a high-
performance controller is able to process the cyclic operations with sufficient frequency (= demanded
short cycle time), but the jitter, i.e. the regular interval between the cycles is inadmissibly high, then the
CU2508 system, as a real-time frame handler, can provide the constant interval in frame sending,
provided the new data are available early enough in the CU2508.
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Fig. 12: Use of the CU2508 as an EtherCAT real-time environment

There are currently still restrictions (TwinCAT 2.11/3.1, FW10) with regard to

+ external synchronization of the CU2508
The influence on the internal CU2508 clock is still in preparation.

* Profinet [P 48]
 BACNet

 time stamp-controlled sending/receiving of frames

The implementation of these and further protocols is in preparation.

Data traffic in the lower-level EtherCAT segments

From FWO07 and ESI revision -0018, Ports 1 and 5 have a larger data buffer of 16 kbyte (instead of 8 kbyte)
for EtherCAT segments with particularly high data transfer rates.

"High data traffic" is generated by 10 systems with many cyclical data, e.g. when many subscribers (over
100) and/or subscribers with large data requirements (e.g. analog oversampling terminals) are used.

If a "large" IO system is operated in EtherCAT redundancy mode, it is advisable to use ports 1 and 5.

The memory situation found is occasionally reported by TwinCAT with "Cu2508 fifo sizes...":

Server (Port) Timestamp Message

i, TCOM Server (10) 8.03.2019 15:A7:40 96 ms Cu2508 fifo sizes: 1:16 2:8 3:8 4:8 5:16 6:6 7:8 8.8

Fig. 13: Message relating to CU2508 fifo sizes

24 Start

For commissioning
+ install the CU2508 as described in the Mounting and wiring [»_22] chapter
« configure the CU2508 in TwinCAT as described in the Commissioning [»_31] chapter

Furthermore, the field devices typical for the application are required on the downlink ports.
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3 Mounting and wiring

3.1 Dimensions

Dimensions without plugs (W x H x D)
» CU2508: approx. 146.5 mm x 100 mm x 38 m

® Space requirement in the control cabinet
1 » The RJ45 connector increase the depth depending on their design and the Ethernet cable used.

+ Above the mounting rail an additional height of approx. 10 mm is required to enable latching
[»_25] of the switch onto the rail.

» Take into account the recommended distances of 35 mm above and below the device (see chap-
ter Installation positions [P 23]).

BECKHOFF
CU2508

LMK LK LNK
ACT |E ACT - ACT

| 3.5

=
az
ES

B

100 mm

H

e eo0
z
1

nl
=

owe
PE

.@

24V DC
NEC Class 2

57,5 mm

-

35 mm

146,5 mm 30 mm

Fig. 14: CU2508 dimensions
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3.2 Installation positions

Constraints regarding installation position and operating temperature range

Please refer to the technical data for a component to ascertain whether any restrictions regarding the instal-
lation position and/or the operating temperature range have been specified. When installing high power dis-
sipation components ensure that an adequate spacing is maintained between other components above and
below 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 components to face forward (see Fig. Recommended distances for standard installation
position). “From below” is relative to the acceleration of gravity.

r=
z
x

BECKHOFF
CU2508

§

8

LK LK LMK LK
|E An'rl‘l_z ACT |E ﬁlﬁ ACT

5
1

g
=

@ E..

L pe
B

24V DC
NEC Class 2

Fig. 15: Recommended distances for standard installation position

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

Other installation positions

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.
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BECKHOFF
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Fig. 16: Other installation positions
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3.3 Mounting and demounting

The CU2xx switches are mounted on the mounting surface with the aid of a 35 mm DIN rail (mounting rail
according to EN 60715).

Mounting
» Fit the mounting rail to the planned assembly location.
Suspend the switch on the mounting rail with the spring on the lower side of its latching flange.

* Press the switch upwards (1).
» Press the upper side of the switch (2) against the assembly surface until it latches in the mounting rail.
Attach the cable.

||

e R S
e T
3

Fig. 17: Mounting
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Removal
* Remove all the cables.
* Press the switch upwards (3).
* Pull the other side of the switch (4

~

away from the assembly surface.

)

e S
B A

Fig. 18: Removal
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3.4 Cabling

Power supply

Pin configuration of the spring loaded terminal

= PE
ow

24

Fig. 19: CU20xx_PowerClamp

UL requirements

i o

» from an isolated source protected by a fuse of max. 4A (according to UL248) or
« from a voltage supply complying with NEC class 2.

* An NEC class 2 voltage source must not be connected in series or parallel with another NEC
class 2 voltage source! These requirements apply to the supply of all Bus Couplers, power sup-

ply terminals, Bus Terminals and their power contacts.

® UL requirements

1 In order to comply with UL requirements, the EtherCAT components must not be connected to un-

limited voltage sources!

Ethernet

Pin configuration of the RJ45 sockets

Fint: RD+
/F’inz: RO
/F‘inS:TD+
—/_F'in4

— . — . NLEC.
— —Ping: n.c.

% Ping: TD-
\ Fin?. n.c.

Find: n.c.

Fig. 20: Pin configuration of the RJ45 sockets

CuU2508 Version: 2.7
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3.5 LEDs and connection

The CU2508 has four diagnosis LEDs.

Beckhoff

':'. CU2508
o X9

X1 X2 X3 X

[m] o|o o|o o|o [m]

o 1T
® IntAct

o BN

[m] [m] [m] [m]

[m] [m] [m] [m]

L BlE X5 X6 X7 X8
W rE
e -

. - X0

Fig. 21: CU2508 front view

LEDs

LED Color |Meaning
RUN |green |This LED indicates the operating state of the CU2508 running as an EtherCAT device

off State of the EtherCAT State Machine: INIT = initialization of the terminal or
BOOTSTRAP

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

single flash |State of the EtherCAT State Machine: SAFEOP = verification of the sync
manager 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

Int Act |green |flashes when data traffic occurs

Power |green |on, when the device is powered correctly

Error  |yellow |an error has occurred (see chapter "Error handling and diagnosis")
X1 - X8 |green |Link/Activity

yellow |internal buffer overflow, alignment error detected

Pin assignment

Terminal point Comment

X0 24 V. power supply: +, GND and shield connection (functional earth)
X1..X8 DownLink Port FastEthernet 10/100 Mbit

X9 UpLink Port Gbit Ethernet
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Shielding concept

The PE/shield connection is connected to the metal housing. It should be used as functional earth to protect
from interference.

B Beckhoff
. CU2508
[n]

[=]

-EI-

1]
O
1]
O
u]
O

@ Run -

= Ur

Fig. 22: CU2508 shield concept

[u]
[u]
[u]
[u]
[u]
[u]
[u]
[u]

3.6 UL notice

A CAUTION
Application

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

A CAUTION

Examination
c @ 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).

A CAUTION

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

Basic principles

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

e\ UL Jus
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3.7 Disposal

Products marked with a crossed-out wheeled bin shall not be discarded

with the normal waste stream. The device is considered as waste

electrical and electronic equipment. The national regulations for the
mmmmm  disposal of waste electrical and electronic equipment must be observed.

30 Version: 2.7 Cu2508



BEGKHOFF Commissioning

4 Commissioning

4.1 Setting up under TwinCAT 2.11

The CU2508 must be created as a MultipleProtocolHandler in the configuration before functions can be
assigned to its downlink ports.

Online scanning of the CU2508 is for the time being only possible with EtherCAT systems connected to the

downlink ports. The notes in the EtherCAT port definition [P_34] regarding the ESI XML files must then be
observed.

Setting up

Append a new device in the TwinCAT System Manager with a right click.
- Bl 5v¥STEM - Configuration Murnber

- MC - Configuration

----- B PLC - Configuration

EI. L}D - Configur ation

L pend Device. ..

" Import Device. ..

ot .
Yo Sran Devices...

Fig. 23: Appending a new device

Select the "Real-Time Ethernet Adapter (Multiple Protocol Handler)".
Eli I} - Configuration

ﬁ I} Devices

gl Mappings

Inserk Device

Type: El‘.-!' Ethernet
- ¥ Real Time Ethemet (Standard)

48 Feal-Time Ethernet Adapter (Multiple Protocol Handler)

----- B Virtual Ethemet Interface
i BAChet Ethemet Device

Fig. 24: Selection of the MultiplerProtocolHandler

Now select the Gbit uplink port used for the CU2508. You can only select ports on which the Beckhoff real-
time driver is installed/activated. <none> can also be selected if the port is to be selected later.

Device Found At

15 (IntellR] PRO,/1000 Pk Network, Conn
LAM3 [Intel[R) 82541ER Bazed Gigabit Et-
1008 [Intel[R)]PROA00WE Metwark Conr

Fig. 25: Selection of the Gbit Ethernet port used on the controller

If the real-time driver is not yet installed, it has to be installed first, e.g. via the System Manager options.
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/L Untitled - TwinCAT System Manager

File Edit Actions Wiew | Options Help

D@ &/ Langage
-l 5YSTEM - Corfigura

----- BB rC - Configuration

Add Yariable Tvpe...

PLC - Configuration PR T - 2 TR
== T . - -
& B Ter Shows Real Time Ethernet Compatible Devices. ..

Fig. 26: Installation of the Beckhoff real-time driver

Characteristics that are important for the further operation, e.g. the MAC and the IP addresses of the Gbit
network port are now listed in the adapter characteristics of the MultipleProtocolHandler.

#-Ell S¥STEM - Configuration
- MC - Configuration General | Adapter | Partz || Switch | Statistics

----- BA PLC - Configuration

E‘l 1/ - Configuration Description: |'II3 [Intel(R) PRO/1000 P Metwork Connection - Packet S cheduler |
Bﬁ I} Devices Device Mame: |'xD EVICEN2EBRATCZ-AFEE-4842-A5B8-FCODE 244 4B F 0} |

i ¥ Device 1 (RT-Ethernet Adapter)
& Mappings MAL Address: 00 01 05 05 9 54 | | Search... |
IF Address: |'IEI2.1EE.1 1 [255.255.255.0) | [ Compatible Devices... ]

Freemn Cycle [me]:

Promiscuous Mode [use with Metmonwireshark anly)
[Jirtual Device Mames

Fig. 27: Adapter data for the Gbit Ethernet port used

Name Explanation

Description Name of the adapter in the operating system (the same on several identical PC systems)
Device Name |Unique adapter name (different on several identical PC systems)

MAC Address |MAC address of the hardware adapter; not changeable

IP Address IP address of the hardware adapter; changeable via the Windows operating system
"Network Connection" settings

Freerun Cycle |The adapter is now operated in ConfigMode with this cycle time, i.e. usually 250 cycles/

sec.
Promiscuous If activated, the Ethernet Frames are copied from the real-time context into the Windows
Mode NDIS layer and can thus be read by Netmon/Wireshark
Virtual Device |deactivated:
Names "Device Name" is used by TwinCAT for the identification of the network adapter. Thus a

TwinCAT configuration is not transferable to another PC system without being changed.

activated:

"Description" is used by TwinCAT for the identification of the network adapter. Thus a
TwinCAT configuration is transferable to another PC system without being changed if an
adapter with this name is present there.

The number of necessary ports must be set in the port mask (A). The TCP/IP mode of operation is also to be
set (B); "via EOE" must be set for pure EtherCAT operation. Refer here to the Notes on TCP/IP settings
[»_42]. In each case the ESL protocol must be activated for the CU2508 on this Gbit port (C).
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General | Adapter | Ports |Switch Statistics

Wirtual Port Selection via:

) Mane
(O a021gvLlanld

Wirtual Port Count, A
TCPAP Part: B |Pot1 A4
via EoE

[CI250x required]

C (%) EtherCAT Switch Link Protocol [ESL)

Pork

Pork 1

Pork 2

Fig. 28: Number of adapters

The CU2508 has no separate diagnostic variables, since it is designed to be as transparent an infrastructure

device as possible.

In the following

* individual downlink ports can now be assigned to protocols
» the TCP/IP behavior of the CU2508 can be set

Diagnosis

The TwinCAT System Manager provide several information about the online operation.

| General | Adapter | Ports I Switch | Statistics

MName Walue
Send Frames 204770 (5142/5)
Recw Frames 254269 (5142/5)
Delta Send/Recv 11{0/s)
Te Mode Real Time Mode
Send Ltilization (%) 21({R:21, N:0.0)
Recw Lkilization (%) Z1(R:21, N:0.0)
MALC TX Emors 1]
MALC RX Emors 1]
TX Dropped 0
R¥ Dropped 0
MName Port 1
Recv Frames 423347
TX Emors 1]
RX Emors 1]
T¥ Dropped 0
F¥ Dropped O
Link: state Link
[ Fesst ]
Fig. 29: Statistics
Name Explanation

Send Utilization (%)

Utilization of the Gbit ESL transmission in transmit direction
R: real-time data, N: non-real-time data

Recv Utilization (%)

Utilization of the Gbit ESL transmission in receive direction

R: real-time data, N: non-real-time data

CuU2508

Version: 2.7

33



Commissioning BEGKHOFF

4.2 Port definition TwinCAT 2.11

421 Setup: Device EtherCAT

Table of contents

* Notes on the EtherCAT device [» 34]

* Setting up an EtherCAT device [P 34]

» Configuration settings under TwinCAT 2.11R2 [» 35]
« Distributed Clocks behavior [»_37]

* EOE settings [P 38]

A downlink port of the CU2508 is set up as an EtherCAT device. The correct setup of the CU2508 [» 31]
device is assumed.

Notes on the EtherCAT device

» The CU2508 downlink port appears as the first regular EtherCAT slave. It can optionally represent the
Distributed Clocks reference clock in this EtherCAT system. The port has no controllable 1/O.

« All CU2508 downlink ports are synchronized with each other.

* A second CU2508 port can be used as a ring closure for EtherCAT cable redundancy. The primary
EtherCAT connection must then be connected to an odd CU2508 port (X1, X3 etc.) and the secondary
redundancy adapter to the following even CU2508 port (refer to the corresponding chapter Device
EtherCAT with cable redundancy [»_39]).

* The CU2508 sends EtherCAT frames in pass-through mode without time stamps.

Setting up an EtherCAT device

In EtherCAT operation the CU2508 downlink port used is not transparent, but appears as a Distributed
Clocks-capable EtherCAT slave in the configuration. As a result it can appear as a reference clock.
However, the EtherCAT slave is otherwise not parameterizable or addressable.

As applies to every EtherCAT device, the current ESI xml files should be present in the TwinCAT system for
the CU2508 also. This applies both to the offline creation of the configuration and to scanning in online
operation. The files (in particular “Beckhoff CUxxxx.xml”) can be procured from the download area on the
Beckhoff web page. They are to be saved under "... \ TwinCAT\Io\EtherCAT\".

® Updating the ESI XML files

1 If the following information window should appear in online mode when scanning the devices on the
CU2508: (see Fig. Information window "Online description”) then an update for above mentioned
file is necessary:
Click on "No", close the System Manager window, install the current ESI xml files and create the
configuration in a newly opened System Manager window.

TwinCAT System Manager

MHew device type found [CUZ2503 - 'CILZ508 Ethernet Part Multiplier'].
ProductR evizion CL2508-0000-0000

Ilze available anline dezcription instead
[ ] &pply ta all [ Yes l [ Mo

Fig. 30: Information window "Online description"

Creation of the configuration

o
1 The simple option to create the configuration by scanning the real hardware is only possible if an
EtherCAT device is manually connected to a CU2508 port in the configuration.
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Configuration settings under TwinCAT 2.11R2

Creating an EtherCAT device

An EtherCAT device can be added by right-clicking on I/O Device - > Append Device.

.ic Bsppend Device. ..

MAPRINDS =% Impart Device. .

+ .
¥ Sran Devices...

Fig. 31: Creating an EtherCAT device

=8 1/0 - Configuration
Elﬁ /D Devices
- -®F Device 1 (RT-Ethernet Adapter)

‘@ Mappings Inserk Device

Type: =5 EtherCAT
e ol EtherCAT

555 EtherCAT Slave

Fig. 32: Selection of the "EtherCAT" device

The desired downlink port of the CU2508 can now be selected.

EI- L} - Configuration
Elﬁ I/ Devices
- ¥ Device 1 (RT-Ethernet Adapter)
. -7 Device 2 (EtherCAT)
ﬁ Mappings

Device Found Ab

[mone]

LAM3 [IntellR) 82541ER Based Gigabit Etherne
1000 [Intel(R] PROA00YE Mebwork Connect
Device 1 [BT-Ethernet Adapter] - Part 1
Device 1 [RT-Ethemet Adapter] - Port 2

Fig. 33: Selection of the CU2508 port

The device "Device 2 (EtherCAT)" is now connected, according to the adapter reference, not to a physical
Ethernet port of the controller, but to a logical adapter reference of the CU2508. This assignment can also be
changed later. The freerun cycle time in the TwinCAT ConfigMode is shown here for the adapter.
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=Bl 5vSTEM - Configuration “rdar
B ot General | Adapter | EtherCAT | Online | Cof - Online

B PLC - Configuration

i Metwork Adapt
=l 1/ - Configuratian Dl A T
=B} /O Devices

¥ Device 1 (RT-Ethernet Adapter) A,

: Device 2 (EtherCAT) Plol Lal | |
-I- Device 2-Image Device Mame: | |
=¥ Device 2-Image-Info

- @1 Tnputs PCIBus/Slat | |

£ @l Outputs MAC Address:

5§ Diovats : [oooooooooooo |
&7 Mappings IP Addiess: [ooo00@ong |

(#) &dapter Reference
Adapter: | Device 1 [RT-Ethernet Adapter] - Port 1 b

Freemwn Cycle [ms): 4 =

Fig. 34: Adapter setting for the EtherCAT device

® Creation of the configuration
1 Scanning of the EtherCAT configuration is also possible from this state onwards.

Creating a CU2508 box
The CU2508 downlink port appears as an EtherCAT slave and can be scanned or created manually.

=B 10 Devices

¢ mF Device 1 (RT-Ethernet Adapter)
ce 2 (EtherCaT)

=¥ Device 2-Imag: M o o

~=fm Device 2-IMa08 arnend FrherCAT Cond

- Bt T ks

Fig. 35: Appending a CU2508 EtherCAT slave

If creating manually, the “CU2508 Ethernet port” CU2508-0000 must be selected. The check box
"ExtendedInformation” displays the revision numbers, in this case -0000 (fig. Selection of “CU2508 Ethernet

Port”).

If "CU2508" is entered in the Search mask, the overview is reduces to the sought device.

SR AU oot EtherCAT Device

+ Device 2-Image
+ Device 2-Image-Iff  Search: || CUZEDE* | M arne; |BU:-:1 | Muiltiple: |‘| = | I 0k ]
-1 Inputs
‘l Cutputs Type: = % Beckhoff Automation GmbH l Cancel ]
- § InfoData =Bl Ethemat Part MultiplieCL 2522)
&8 Mappings P CUZ508 Ethemet Port (L 2508-0000-0000 [09:c5432 4 00000000]) Part
Extended |nfarmation [] 5how Hidden Devices [15how Sub Groups

Fig. 7: Selection of “CU2508 Ethernet Port”
Further EtherCAT slaves can now be appended to the CU2508 Box.
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- =% Device 2 (EtherCAT)
-afm Device 2-Image
-afm Device 2-Image-Info
- 8T Inputs

- @ Outputs

+- 8 InfoData

g8

Mappings

B Append Box...

Fig. 36: Appending further EtherCAT slaves

Distributed Clocks settings

All CU2508 downlink ports are synchronized with each other and can appear as ReferenceClock in the
respective EtherCAT strand. In the default setting, however, the CU2508 port is not marked as Distributed-
Clocks-capable, hence under TwinCAT the next subsequent Distributed-Clocks-capable slave is selected as
the ReferenceClock. In each case the CU2508 port is the 1% slave in the respective strand.

Beckhoff
cu2s08

C

O

cHEC=

Fig. 37: EtherCAT Distributed Clocks reference

If the CU2508 port is to be used as the ReferenceClock in a system, the setting "Use as potential
ReferenceClock" must be changed; see fig. CU2508 slave - Distributed Clocks setting.
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Fig. 38: CU2508 slave - Distributed Clocks setting
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® Synchronized EtherCAT systems

1 If several EtherCAT systems are to be operated on CU2508 ports synchronized with the same time
base, the flag "Use as potential Reference Clock" must be set in the appropriate "CU2508 box".

External synchronization to another time base is then not possible.

The internal clock in the CU2508 works independently and is only managed by the CU2508 driver.

EoE settings (Ethernet over EtherCAT)

If devices with EoE support are used in a lower-level EtherCAT system, this affects the settings of the EoE
switch in the CU2508 if this is configured for EoE transport. Refer to the Notes pages on TCP/IP traffic

[»42].
If such devices are present in the EtherCAT system,

« the Virtual Ethernet Switch must be enabled (“Enable”)
» “Connect to TCP/IP Stack” can be activated
+ the numbers "Max Frames" and "Max MAC IDs" can be increased if throughput problems are

determined
|Elh8f|:-‘3\T| Orline | CoF - Online

=B SYSTEM - Configuration

..... B nC - Configuration General | Adapter

! PLIC - Configuration — :
=8 10 - Configuration |1'-"'2'1E'E'225'3'1 | HﬁdVa”CEd Settings... | l
=- BB} 1/ Devices = E——
¥ Device 1 (RT-Ethernet Adspt Export Configuration File... ]

Device 2 (EtherCAT

----- -I- Device 2-Image

----- =$= Device 2-Image-Inf

FoE Support

%T Inputs
§! Outputs "irtual Ethernet Switch windows Metwark
- § Infobata Support Enatle Connect to TCPAIP Stack
=l Term 1 (EK1100) - Redundancy

InfoData ¥ Emergency s el “indows [P Routing

Term 2 EELEB0Y . Diagnosis Max Frames: 120 & [C1IP Enable Fiouter

- Term 3 (ELZZ203
-G Mappings Max MAC |ds: 100 - Changes require spstem reboaot!

Fig. 39: EtherCat device EoE settings

If several EtherCAT system EoE devices are used, this increases the settings of the CU2508 EoE switch.

- Bl S5v¥STEM - Configuration : -
- F8 NG - Configuration General | Adapter | Ports | Switch |Stat|3tu:s

! PLC - CanlguraFan irtual Ethernet Switch Windows Metwork,
= 1/ - Configuration

Elﬁ 1j0 Devices Enable Connect to TCPAP Stack
i-WF | Device 1 (RT-Ethernet Adapter) =1 W ax Ports: |-||:|

=% [Device 2 (EtherCATY 1
+ Device 2-Image
-=¥= Device 2-Image-Info Max MALC [dz: |2|:||:|
i+ &1 Inputs
i+ @l Outputs /
- InfoData 4
= Term 1 (EK1100)
+-§ InfoData
-2 Term 2 (ELGE01)
-] Term 3 (ELGEO
[+-=== |Device 3 (EtherCAT)

| Windows [P Routing
| []IP Enable Router

bd & Frames: | 260

L EARE R

Changes require system reboot!

Fig. 40: CU2508 EoE settings
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4.2.2 Setting up: Device EtherCAT with cable redundancy

If a downlink port of the CU2508 has been set up as an EtherCAT device, a further port can be used as a 2™
EtherCAT port for the purpose of cable redundancy.

The "TwinCAT cable redundancy" supplement serves to keep the EtherCAT system in operation in the case
of an unforeseen interruption in communication due to cable breakage. The system is single-error tolerant.
This achieved by the ring closure of the EtherCAT system to the controller. If more than 1 error occurs,
slaves drop out of the communication. They are only readmitted after all connections have been restored.

Tx
Ex

DI

S M

Regarding this, refer to the principle explanations in the EtherCAT system documentation.

The combination of the EtherCAT cable redundancy and Distributed Clocks technologies is possible using
the CU2508.

Notes on EtherCAT cable redundancy

* Only the downlink port combinations X1/2, X3/4, X5/6 and X7/8 are permissible for EtherCAT cable
redundancy.

« If EtherCAT cable redundancy is activated, the CU2508 ports used is automatically set as the
Distributed Clock ReferenceClock. The synchronization of the devices can thus be maintained even in
the case of media interruption.

« During EtherCAT startup with Distributed Clock devices, the cable-redundant ring must be closed, and
continuous communication must be possible, otherwise no synchronization is possible.

» An external Distributed Clocks synchronization of such an EtherCAT system is not possible for the time
being.

» The supplementary license "EtherCAT cable redundancy" is chargeable and is available for Windows
XP (NT, 7, WES) and CE (WEC).
It can be downloaded from the download area on the Beckhoff web page.
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Setting up EtherCAT cable redundancy

The EtherCAT configuration must be created on a CU2508 downlink port as described in the chapter "Setup:

Device EtherCAT [»_34]". The resulting topology can be displayed in the Device EtherCAT using the Topology
button; see fig. Display of a simple EtherCAT topology.

[ SYSTEM - Configuration S
E % MC - Configuration General | Adapter | EtheiCAT ||:|n|ir‘|e CoE - Online

-B PLC - Configuration
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= Device 2-Image-Info

Sync Unit Azgzignment. ..

Topology...

A @T Inputs

E
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-8 InfoData
E
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I Topology.

- Box 1 (CLUZ508) View Offline  Online

T

- Term 2 (EK1100) L /
- Term 4 (EK1100) ﬂ.'. '..i L. Lf.? J

@8 Mappings

Fig. 42: Display of a simple EtherCAT topology

The items below are to be specified in the following steps
« the control-side redundancy adapter, in this case on the CU2508
« the field-side redundancy adapter on the last EtherCAT slave

The EtherCAT redundancy port is specified in Device -> EtherCAT -> Advanced Settings.

- B 5YSTEM - Configuration
BB MC - Configuration
. A PLC - Configuration
EI- I} - Configuration
Elﬂ L0 Devices
¥ Device 1 (RT-Ethernet Ad

H . T . .
=+ Device Z (EtherCAT) =) State Machine Redundancy

General | Adapter | EtherCAT |Elnline CoE - Online

Netidt [17216.6.226.31 el

Advanced Settings...

Advanced Settings

+ Device 2-Image Master Settings

=¥ Device 2-Image-Info i Slave Settings Redundancy Maode
&1 Inputs [#- Cyclic Frames (O OFf

&/ outputs - Diskributed Clocks

; & InfoData - EoE Support
-l Box 1 (CLI2508) - [Redundancy () Second Adapter

ol Term 2 (EK1100) [+ Emergency Dsatiian:
=-J§ Term 4 (EK1100) [ Diagnosis Gtk e |
g g Mappings Device Mame: |
MAL Address: [0 00 00 00 00 00 |
IP Address: [00.00[000.0) |

(#) &dapter Fieference

Adapter: Device 1 [RT-Ethernet Adapter] - Port 2

Device 1 [RT-Ethernet Adapter] - Port 1
Device 1 [RT-Ethernet Adapter] - Port 2
Fedundancy Port: Device 1 [RT-Ethemnet Adapter) - Port 3
Device 1 [RT-Ethernet Adapter] - Port 4

Fig. 43: Specification of the redundancy port

Specification Meaning

Off no EtherCAT cable redundancy

Second Adapter physical adapter/Ethernet port of the controller
Adapter Reference logical adapter such as in the CU2508
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® Number of ports
1 A corresponding number of ports must be set to available in the settings for the CU2508 adapter.

After specifying the redundancy adapter, it must be checked whether the System Manager has selected the
correct EtherCAT slave port as the field-side connection point, see fig. Specification of the field-side
redundancy port.

(%) &dapter Reference

Adapter: Device 1 [RT-Ethemet Adapter] - Port 2 w

Fedundancy Part: Term 4 [EK1100]-C b
Tem 3 [EKI122]-D

Tem 3 [EK11221- B

Fig. 44: Specification of the field-side redundancy port

The correct selection can be checked in the Topology window.
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' NC - ConFiguration General | &dapter | EtherCAT | Online | CoE - Online
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=M 1/0 - Configuration Metld: 1172.16.6.226.3.1 el i e e
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#-§ InfoData
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iyl
iyl
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Fig. 45: Checking topology with EtherCAT cable redundancy
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423 Setting up: Device Ethernet and TCP/IP notes

Table of contents

» Explanation of TCP/IP v4 [P 42]

» Application CU2508 [P 42]

« Settings for the dedicated TCP/IP port [P 43]
* EOE settings [P 43]

Explanation TCP/IP v4

TransmissionControlProtocol/InternetProtocol (TCP/IP) is the name given to a bundle of procedures from the
1970s, which defines a packet-mediated forwarding of data. This mediation procedure is used in
contemporary everyday communication, in particular on the Ethernet physics (e.g. Fast Ethernet, Gbit) and
the hardware-orientated MAC addressing normally used there. The basic principles of this set are

» packets of user data of 64 to 1486 bytes (special forms are not uncommon) are sent from a transmitter
to one (unicast) or more (multicast, broadcast) receivers.

* In IPv4 the source and destination addresses each consist of 4 bytes separated by a point, e.g.
"192.168.1.1" or "123.001.002.001".
Note: IPv6 extends the address space by a further 2 bytes and will replace IPv4 in the mid-term.

» There does not have to be a direct physical connection (cable) between transmitter and receiver;
instead, intelligent packet mediators analyze the source and destination addresses and forward the
packets (key words: routing and switching). This results in delays and possible loss of data.

« The IP is a bi-directional reconfirmed communication, because the receiver acknowledges the receipt
of data to the transmitter. This causes a further communication load and increased transport time. Lost
data can thus be repeated automatically.

+ UDP (User Datagram Protocol) can also be used instead of IP. It works without reconfirmation, lost
data must then be requested again at a higher communication level. In return, less time is required for
data communication.

The Windows operating system manages TCP/IP communication with its Ethernet adapters in the so-called
NDIS network mediation layer. The adapter settings can be accessed via the Windows Control Panel-
>Network Settings or the Windows CE CXconfig tool from Beckhoff.

These circumstances make TCP/IP-supported communication unsuitable for an application with higher real-
time requirements, but very suitable for flexible (variable) connections via many hubs (intermediate stations)
with an arbitrarily high data traffic.

Application CU2508

Two methods are available if TCP/IP frames are to be transmitted via the CU2508 (with no real-time
requirement):

+ one port of the CU2508 is defined as a dedicated TCP/IP port [P 43].
Hence, it works for the operating system as an "extension" of the port to which the CU2508 is
connected, with the MAC and IP data of the Gbit port used according to the operating system data.
Under TwinCAT with its integrated CU2508 driver, this port is then connected to the Windows NDIS
mediation layer in the Windows operating system. Real-time traffic is then no longer possible via this
port; the CU2508 works as a transparent frame transporter.

» the CU2508 is generally set to EoE operation [P 43] (Ethernet over EtherCAT), “via EoE”.
Then the integrated virtual EoE switch is activated in the CU2508 system and the connection is
established to the EtherCAT systems connected to the CU2508. In the case of EoE, Ethernet frames
are transported within acyclic EtherCAT telegrams by mailbox procedures, fragmented if necessary in
the case of overlength. The EL6601 or EL6614 can be used as an EtherCAT/Ethernet interface.
The MAC and IP data of the Gbit port used according to operating system data are used for
addressing.
This procedure is usable only for connected EtherCAT circuits.

The setting is made in the Ports tab for the CU2508 and does not change the mode of operation of the
CU2508, but only the handling of TCP/IP Frames in the CU2508 driver.
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Fig. 46: Setting the TCP/IP operating mode

It is not possible to operate the CU2508 as an independent switch with forwarding rules according to MAC
rules (switch) or IP rules (router).

Settings for the dedicated TCP/IP port

The specified CU2508 port (100Mbit/FastEthernet) is then connected directly to the Windows network
mediation layer; real-time operation of this port is no longer possible. Free TCP/IP network traffic is then no
longer possible on the other CU2508 ports.

Notes

* The IP and MAC address of the used Gbit port are used for TCP/IP communication. Address area/
subnet mask must therefore correspond to the addressed devices.
In the example in fig. Declaration of a CU2508 downlink port as a TCP/IP port, the address area is
under the IP mask 255.255.0.0; therefore, all devices must have an IP address from the area
192.168.x.X.

» These settings are changed via the Windows Control Panel -> Network Settings for the adapter. The
CXconfig tool must be used under Windows CE.

* The CU2508 works transparently; all procedures for the address assignment (DHCP, BootP,...) can be
used.

» The throughput depends on the extent of utilization of the downlink port and the Windows network
mediation layer.

YT
Controller/IPC -"’: LAN j'
0S/Windows GBit-Port b
IP: 192 168.1.1
NDIS network layer (no realtime) m)getz' 255.255.00
IP routing L.
- : B EC 1
TwinCAT Realtime Environmenll e
i PLCING :
Eth Pon|--«'; G :
moior EC 7] [T TVer Sqrfsasaesnsnsspunnsnsusesaneass
_____ e P}
Master EC 2

IP: 1722411

Subnetz: 255255.0.0
EC2

Fig. 47: Declaration of a CU2508 downlink port as a TCP/IP port

EoE settings

The virtual EoE switch of the CU2508 driver is tied into the CU2508 Ethernet adapter and accessible in the
Switch tab of the RT Ethernet adapter. The VirtualEthernetSwitch is activated automatically if devices that
use Ethernet-over-EtherCAT are used in the lower-level EtherCAT systems - the numbers of max. frames
and ports are adapted accordingly.
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Notes

» The IP address of the used Gbit adapter and the subnet mask is used for communication. The EoE
devices (printer, scanner, remote PC etc.) must therefore have their address within this area.

» The throughput depends among other things on the EtherCAT cycle time, the number EoE devices and
the extent of utilization of the individual connections. Attention must be paid to the notes regarding this
in the documentation for the EoE devices.

» The EoE system can be connected to the NDIS layer via the switch "Connect to TCP/IP Stack" (fig.
Flow of data when using the CU2508 as an EoE switch, A).

» IP routing is a function inherent to the operating system for the mediation of IP telegrams even
between networks that do not lie in the same subnet. Thus, for example, between the devices
192.168.1.1 and 172.168.1.1, which each lie in the mask 255.255.0.0.
This function is activated with "IP Enable Router" (fig. Flow of data when using the CU2508 as an EoE
switch, B). It is also available under Windows CE (CXconfig tools).

----- e E 11 Pt |
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OSMWindows

NDIS network layer (no realtime)
P rouling. B

Eth Port I

(C
o s Master EC 1{,,

TwinCAT Realtime En-.-imnmentl

CU2508
Driver

1] Master EC 2]*" 11200

IP:172.2411
Subnetz: 255.255.00

GBit-Port
IP: 192.168.1.1

Subnetz: 255.255.0.0

MAC

EEEEEEREAE WESESEESEEREEE

Fig. 48: Flow of data when using the CU2508 as an EoE switch
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The switch settings for the EOE mediation are accessible in the System Manager, see fig. EoE switch
settings. The limit values are adapted automatically to the types and numbers of the devices during the
creation of the configuration.
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H Box 2 (CLIZE08) b ax MAL Ids:
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Fig. 49: EoE switch settings

Wirtual Ethernet Switch
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b

i

b

wéindows Metwork
Connect to TCPAP Stack.

Windows [P Routing
1P Enable Router

Changes require system reboot!

Name Explanation

Max. Ports Number of ports of the virtual switch. Each EoE device (e.g. EL6601, AX5000) in the lower-level EtherCAT systems oc-
cupies one port.

Max Frames |Max. number of temporarily stored Ethernet frames. Can be increased if there are noticeable throughput bottlenecks.

Max MAC Ids |MAC addresses of the connected devices stored in the internal Switch-Look-Up table. Must be larger than the maximum
number of Ethernet devices ever connected to all systems.

Connectto  |Connects the EoE switch to the internal Windows NDIS network layer

TCP/IP Stack |IP range must thereby correspond

IP Enable This function is provided by the Windows operating system and is accessible via the registry or, in the case of embed-

Router ded CX systems under Windows CE/WEC, via the CX-config tool.
If activated, the NDIS network layer also mediates IP packets whose IP addresses do not correspond to the subnet
mask .
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424

Setting up: Real-time Ethernet (Publisher/Subscriber, EAP

push)

Table of contents

* Notes on the device [» 45]

e Setting up the device [P 45]

Notes on the device

* An EAP adapter must be created in the configuration in order to operate a CU2508 downlink port as a

publisher/subscriber device of EAP real-time Ethernet telegrams ("network variables").

+ Attention is to be paid to the general notes on the EAP/Publisher/Subscriber procedure [»_49].
« The EAP (EtherCAT Automation Protocol) is operated here in the so-called push mode as opposed to

the so-called polling mode for flexible data transfer.
» Atleast TwinCAT 2.11R3 is required for operation on the master side.

Setting up the real-time Ethernet device

For the setup a real-time Ethernet adapter is to be created as usual.

. Ijo - Cu:unflguratlcun

I-'l' Dewce .‘c fppend Device,
..... "'E MEII:II:III'IQS

Impork Device, ..

Fig. 50: Creating a new device
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Fig. 51: Selection of the adapter for EAP
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If not all devices are offered, the target platform can be selected via TargetType.

Not an actual port of the PC, but rather a virtual adapter of the CU2508 is then merely selected as the

Ethernet adapter for the CU2508.
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Fig. 52: Selection of the Ethernet adapter

The number of available ports (in this case 4) depends on the settings of the CU2508 device (see there).
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Fig. 53: Adding the Ethernet devices

Subsequently the required Ethernet couplers/boxes/drives can be manually added or scanned. Before a
scan TwinCAT should be restarted once in the Config/FreeRun mode.

4.2.5 Setting up: Real-time Ethernet (BK90xx, ADS/RAW, EAP
polling)

Table of contents

* Notes on the device [» 46]

* Setting up the device [P 46]

Notes on the device

* An EAP (poll) adapter must be created in the configuration in order to operate a CU2508 downlink port
as an EAP real-time Ethernet interface for 10 devices (BK90xx, EK90x).

+ The EAP (EtherCAT Automation Protocol) is operated here in the so-called polling mode
» Atleast TwinCAT 2.11R3 is required for operation on the master side.

Setting up the real-time Ethernet device

For the setup a real-time Ethernet adapter is to be created as usual.

46 Version: 2.7 CuU2508



BECKHOFF Commissioning

EI - L}D - Configuration

E| -ﬂ I|| 1 Devices

L 5iripend Device
L Device 1 ﬂppﬂnd e
----- B8 Mappinds [ Impart Device. ..

¥ .
¢ Sean Devices. .,

B paste Chrl+Y
B Paste with Links  Alb+Chrl+y

Fig. 54: Creating a new device
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Fig. 55: Selection of the device for BK90xx and others

Not an actual port of the PC, but rather a virtual adapter of the CU2508 is then merely selected as the
Ethernet adapter for the CU2508.
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Fig. 56: Selection of the CU2508 port to be used

The number of available ports (in this case 7) depends on the settings of the CU2508 device (see there).
El. I}/ - Configuration

=B 10 Devices
Lk Dewce 1 I{RT Ethernet .ﬁ.dapter}

'K Celete Device

Fig. 57: Adding the Ethernet devices
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Subsequently the required Ethernet couplers/boxes/drives can be manually added or scanned. Before a
scan TwinCAT should be restarted once in the Config/FreeRun mode.

4.2.6 Setting up: PROFINET Controller/Device

The usage of the PROFINET real-time protocol is possible for the device (slave) or controller (master)
supplement with the CU2508. However, you can use only one controller or device, if they are in a unique
network. If the networks a physically separated, it is possible to use more than one controller or device
supplement with one CU2508. This is due to the fact, that the CU2508 uses only one MAC address. The
function of several PROFINET segments can only be secured, if the MAC address in a network segment is
unique and there is no connection to other networks.

® Auvailability

1 This function can be used from TwinCAT 2.11R3 build 2234.

RT Ethernet adapter settings

Enable the lower setting under the Ports tab (radio button "EtherCAT Switch Link Protocol"); all other settings
should be left at default.

| General | Adapter | Ports | Switch | Statistics |

Wirtual Port Count:
TCP/IP Port:

Virtual Port Selection via:

5

-
-

|Port 1

7

Advanced Settings...

Port Id
Port1 10
Port 2 20
Port 3 30
Port 4 40
Port 5 50

Fig. 58: Selection of the "Virtual Port" setting

Setting of the PROFINET Device or Controller adapter

Once the CU2508 has been activated as Multiple Protocol Handler in the system and the relevant ports have
been enabled, you can select an "Adapter Referent" under the "Adapter" tab for the Controller or the Device.
Enter the port through which you want to operate PROFINET.
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| General | Adapter | PROFINET | Sync Task | Settings | Box States | Diag History

() Network Adapter
@ 0S (NDIS) PCI DPRAM

D ezcription:
Device Mame:

PCl Bus/Slat: Search...

MAL Address: 00 00 00 00 0D 00 Compatible Devices...

IP &ddress:

Fromiscuous Mode (use with Netmon,Wireshark only)

Virtual Device Names

@ Adapter Reference

Adapter: [Devics 1 (RT-Ethemet Adapter) - Port 5 ~
Device 1 (RT-Ethemet Adapter) - Port 1
Freenun Cycle fms): Device 1 (RT-Ethemet Adapter) - Port 2
¥E : Device 1 {RT-Ethemet Adapter) - Port 3
Device 1 (RT-Bthemet Adapter) - Port 4
Device 1 (RT-Ethemet Adapter) - Port 5
Device 5 (Profinet Controller) - Port

Fig. 59: Selecting the "Adapter Referent"

No other special considerations are required for the CU2508; you can proceed as usual.

4.2.7 Configuration: Ethernet/IP

Ethernet/IP is currently (2020) not supported.

4.3 Beckhoff EAP network variables

4.31 Introduction

Network variables are any variables that are cyclically exchanged between PC/CX1000 via TwinCAT.
Variables with any data types, including complex types, can be exchanged. The Publisher/Subscriber model
is used. For highly deterministic communication, the real-time Ethernet driver for TwinCAT must be installed.

Publisher/Subscriber model

In the Publisher/Subscriber model, the Publisher makes variables available. Subscribers can subscribe to a
variable. The Publisher can make the variable available to a Subscriber, several Subscribers or all
Subscribers. In Broadcast mode the variable is made available to all PCs, in Multicast mode to selected PCs
and in Unicast mode only to one selected PC. A Subscriber can also be Publisher at the same time. In this
way, a bidirectional data link can be provided.
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B Eroadcast
Publl cher
> Multicast

> Unicast

i |
//—-\\
r

ubwrber HBub mrber Bub crber|
Publicher

ub wriber|

Publicher

Fig. 60: Publisher/Subscriber model

Unicast

The Publisher makes the network variable available to a single selected PC.

Multicast

The Publisher makes the network variable available to selected PCs.

Broadcast

The Publisher makes the network variable available to all PCs.

50 Version: 2.7 Cu2508



BEGKHOFF Commissioning

4.3.2 Configuration of the Publisher

In the TwinCAT System Manager, a new box is added for the Publisher under the RT Ethernet device.

Insert a Publisher Box

A Publisher box must be added under the RT Ethernet device.
+- B 5¥STEM - Corfiguration

..... ' MiZ - Configurakion

- §R PLC - Configuration
El. I} - Configuration
I__—_Iﬁ I} Devices
=1- B8 Device 3 (RT-Ethernet)

+ Device 3-Image
QT Inputs
‘,I, Oukputs
El.!g Box 1 (Publisher)
QT Inputs
.,I, Cukputs

@8 Mappings

Fig. 61: Insert a Publisher Box

Insert a Network Variable

Network variables can then be added under the box. Enter a name (nCounterPub in the example) and a data
type (UINT32 in the example, corresponding to UDINT).

=B S¥STEM - Corfiguration :
BB nC - Configuration AT | Publish |
.- W PLC - Configuration -
E|! 153 - Canfiguration Mame: IBDH 1 [Publisher] I |1
Elﬁ 1/0 Devices Type: INetwnrk Yariable Publizher
Eﬂ Device 3 (RT-Ethernet)
-I- Device 3-Image Comment; | ;I
(- §f Inputs
=-#& Box 1 (Publisher)
%T Inputs I arme: InCnunterF‘ub oK I ﬂ
- ) Outputs " ] - rm—
@8 Mappings ; - ﬁl ate symbols T
Comment;
Type: INT1E 20 |
UINTEARRZ 20
BITARR1E 2.0
WORD 20
ErLIM 20
UIMT24 a0
IMT 24 30
FLOAT A0
LIMT32
IMT 32 40
Sortby UINTBARR4 40
" Mame . |unT1EARR2 40
T o BITARR32 40
S fowom i -l

I
Fig. 62: Insert a Network Variable

Inputs and outputs were created under the added variable.
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- B SvSTEM - Configuration
' MC - Configuration
! PLC - Configuration
E|. Iji - Configuration
=B [JO Devices
-I- Device 3-Image
%T Inputs
.l Cukputs

El %T Inputs

El ‘l Oukpuks

El %T Inputs

El .l Outputs

#-g& Mappings

Elgﬁ Box 1 (Publisher)

- % FrameCtrl
=& nCounterPub

=1-E@ Device 3 (RT-Ethernet)

i iyl FrameState

Lo gal Warstate

i i) WarCtrl
----- 2l varData

Fig. 63: Displaying the inputs and outputs of the added Publisher box

The FrameState input under the box indicates the current status of the sent Ethernet frames.

The following values are possible for the FrameState:

Short description Value Description

Not sent (frame skipped) 0x0001

Error (frame oversized) 0x0001 | The maximum size of an Ethernet frames was exceeded. The
linked variable should be smaller.

A Control Word can be written in the FrameCtrl output under the box.

The following values are possible for FrameCtrl:

Short description

Value

Description

Disable sending

0x0001

Sending of a frame is interrupted. Sending of the frame does not
restart until the value is 0 again.

The VarState input under the network variable indicates the current status of the network variable.

The following values are possible for VarState:

Short description

Value

Description

Not sent (variable skipped)

0x0001

A Control Word can be written in the VarCtrl output under the network variable.

The following values are possible for FrameCtrl:

Short description

Value

Description

Disable publishing

0x0001

Sending of the network variable is interrupted. Sending of the
network variable does not restart until the value is 0 again.

52

Version: 2.7 CuU2508



BECKHOFF Commissioning

Mappings

The network variable of the Publisher can be mapped to any output variable with a suitable data type. In the

example, the network variable is linked to the output variable of a PLC.
(=Bl 5v¥STEM - ConFiguration

----- BB nC - Configuration

=-BM PLC - Configuration
-J-1EE Metworkiars
Lo Mebworkiars-Tmage

=-[B1 Standard

gl Inputs
= @ Outputs

ol MAIN.NCounterPub
L @] MAIN.ACountersub
= 10 - Configuration

-8 1/0 Devices
=B Device 3 (RT-Ethernet)

idm Device 3-Image

- 8T Inputs

- @) Outputs

=-3% By 1 (Publisher)

- 81 Inputs

Lol FrameState

= ] Outputs

L @) Framectrl

-84 nCounterPub
= 8T Inputs
gt VarState
= @] Outputs

) WarcChl

varData

-3 By 2 (Subscriber)
H-&8 Mappings

Fig. 64: Mapping of the network variable with an output variable of the PLC

4.3.3 Configuration of the Subscriber

In the TwinCAT System Manager, a new box is added for the Subscriber under the RT Ethernet device.

Adding a Subscriber box and linking the network variables

A Subscriber box must be added under the RT Ethernet device.
+- B S¥STEM - Configuration

BB MC - Configuration

----- B® PLC - Configuration

E|. 11D - Configuration
Eﬁ I/ Devices
i =B Device 1 (RT-Ethernet)

+ Device 1-Image
- &1 Inputs
_ -l Outputs

ﬁ Mappings

Fig. 65: Insert a Subscriber box under the RT Ethernet device
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Type: % Beckhoff Industrie Elekbonik,

i-t-}] Ax2000-B300 Drive [Ethernet]

g BCY000 (fieldbus contraller, Ethemet)
----- BEA000 [fieldbus coupler, Ethernet)
3% N etwork Variable Publisher
e % Mebwark Variable Subscriber

A

M amne: |Eh:.:-c1

Cancel

i

Fig. 66: "Insert Box" dialog - selecting and naming the Subscriber box (Box1)

A network variable is then created under the Subscriber box.
- B S¥STEM - Configuration

----- BB riC - Configuration

' PLIC - Configuration
El. 1/ - Configuration
I__—_Iﬁ 1) Devices
=- B8 Device 1 (RT-Ethernet)

-I- Device 1-Image
%T Inputs
‘l Cukpuks
Elﬁ Box 1 (Subscriber)
El %T Inputs
- %] FrameState
=- ‘l Cutputs
] FramecCtrl

@ Mappings

Fig. 67: Creating the network variable under the Subscriber box
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%( Insert Metwark Variable

f Inserk Box Before. .
¥ Delete Box. ..

F* Import Box Before. ..
‘B Export Bo. ..

¥ Chrl+
Copy Chrl+C
B Paste Chrl+Y

BB Paste with Links  Al+CEr+y

X Disabled

Fig. 68: Adding a network variable

The link to a Publisher variable can be created automatically. First, you need to find the Publisher computer.
All variables of this Publisher are then shown in a list.

Import Netwok Yariable |
| Browze for Computer... I [ |

| Cancel

Browsze for File. .

Create new YWarable... |

I ame | |d | Size | Type | Comment |
nCounterPub 1 4 LDINT

Fig. 69: "Import Network Variable" dialog - display of Publisher variables

Inputs and outputs were created under the added variable.
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- B S¥STEM - Configuration
' M - Configuration
BA rLC - Configuration
El. 1) - Configuration
Elﬁ I)0 Devices
=1-EE Device 1 (RT-Ethernet)

-I- Device 1-Image
%‘I‘ Inputs
‘l Cukputs
Elﬁ Box 1 (Subscriber)
EI %T Inputs
- %1 FrameState
EI ‘l Cutputs
@ Framectrl
EI& niZounterPub
El%T Inputs
%1 varstate
T Quality
----- T Cyclelndesx
%l varData
El.l Cutpuks
L] varCtrl

@ Mappings

Fig. 70: Display of created inputs and outputs

The FrameState input and the FrameCitrl output under the box indicate the current status (or control) of the
received Ethernet frames. FrameState and FrameCtrl are reserved and are currently not supported.

The VarState input and the VarCtrl output under the network variable indicate the current status (or control)
of the received network variable. VarState and VarCtrl are reserved and are currently not supported.

Quality of the network variables

The quality of a network variable is assessed on the Subscriber side. Two input variables are available for
this purpose under the network variable. The Quality variable provides a counter with a resolution of 100 ps.
The counter value indicates the variable delay. The example below shows the online value of Quality when
the network connector is unplugged (counter increases) and reconnected (counter value 0).
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Fig. 71: Online value of Quality after unplugging and reconnecting of the network connector.

In addition to the Quality variables, the Cyclelndex variable is incremented in each Publisher cycle.

Fig. 72: Incrementing of the CycleIlndex variables
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4.3.4 Beckhoff network variables - Settings

Beckhoff network variables (NWV) can be used for cyclic or acyclic sending of data between Windows-based
PCs. In a device declared as a publisher (sender), such a network variable is received on the other side by a
subscriber declared as the same type. As the name suggests, this data traffic is network-based, and the
configuration is directly based on the protocols used.

A choice of two protocols is available:

* MAC: An ISO Layer 2 frame is sent with a sender and receiver MAC address, Ethertype 0x0806. An IP
part with the destination IP address (e.g. 192.168.0.1) is not included. The telegram can therefore be
further processed via a switch, but usually not via a router.

MAC stands for media access control and in this case refers to the (unique) hardware address
assigned to each Ethernet device during production. For example, the Ethernet port of a Beckhoff PC
might have the MAC ID 00:01:05:34:05.84, with "00:01:05" representing the Beckhoff ID and the rest
assigned during production. The route of each Ethernet telegram between two Ethernet cable ends is
determined by the source MAC and the destination MAC.

The Ethernet telegram is identified as Beckhoff real-time Ethernet by the Ethertype 0x88A4. As a real-
time Ethernet telegram (RT Ethernet) it bypasses the regular Windows TCP stack and is sent with
higher priority, i.e. "immediately”, via the specified Ethernet port of the PC.

An option is available for configuring whether the sent telegram is received by all (broadcast), many
(multicast) or a single subscriber (unicast).

« UDPIIP: The recipient is identified via an additional IP header in the Ethernet telegram. The UDP
Ethernet frame can thus be further processed via a router.
Once again, broadcast, multicast and unicast are available as options. The Ethernet telegram is
identified as Beckhoff real-time Ethernet through the Ethertype 0x88A4 and treated as an RT protocol
in the TwinCAT PC.
In contrast to TCP, as a connection-less protocol UDP requires no acknowledgement of receipt for the

message, i.e. the publisher does not know whether the subscriber has received the message. The ARP
protocol [P 61] is therefore used for remote terminal monitoring in TwinCAT.

The telegram with the process data arrives at the recipient device (network port) via these addressing
modes. In the Ethernet device/TwinCAT several transported process data are allocated via a variable ID

All network variables must be declared in the System Manager before they can be used.

The following intervention options are then available during operation:
» Sending of a configured network variable can be blocked dynamically
» The destination IP or destination MAC can be changed dynamically
» The variable ID "variable ID" can be changed dynamically
« The NWV content can be changed, but not the size (bit size)

Diagnostic variables on the publisher and subscriber side provide information about the connection quality.

If network variables are used, the temporal boundary conditions for the network topology used must be taken
into account: In switched mode (MAC addressing) communication cycles of approx. 10 ms and below can be
achieved, in routed mode (IP addressing) a few 100 ms may be achievable in some cases.

@® Diagnostic variable "quality"

1 If the processing tasks operate with different cycle times or the user changes the DataExchangeDi-
vider, this must be taken into account in the analysis of the diagnostic variables. In conjunction with
a fast Subscriber (e.g. 10 ms), a slow Publisher (e.g. 100 ms) leads to poor connection quality (as
reported by the diagnostic variable "Quality").

Dynamic temporary blocking of sending a Publisher must also be taken into account. In this case
the Subscriber registers poor quality.

Diagnostic variable "Cyclelndex"

Please note the following information in order to decide whether you have to serve the variable Cy-
cleindex.

i o
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Basic principles of Beckhoff network variables

* Quality:
Time in [100 ys] by which arrival of the NWV at the Publisher was delayed.
Relative arrival location:
Input process image of the TwinCAT system
Relative arrival time:
Time at which the next cycle is loaded into the input image

Note:

The reason for determining the delay so precisely is that the NWVs are managed directly by the IO
driver, independent of the cycle. Nevertheless, the data of an NWV that is delayed by a few percent of
the cycle time will not be taken into account until the input process image is read during the next task
cycle.

Note regarding EL6601/EL6614:
Even with the EL66xx the NWV arrival time is defined as the time when the data are available in the

input process image of the RT device, not the time of arrival at the EL66xx or in the input image of the
EtherCAT device.

| | Task 9] | | Task 0 | | | Task O

Arrival NWY | [Arrival NWA in time | [Arrival Ny Quality | | Arrival NWV too late

Fig. 73: Interrelationship between quality and delayed network variable

» Variable ID
The variable ID (16 bit) is used for global identification of the individual process data. Therefore, an ID
in the Publisher or Subscriber group may only be used once within a TwinCAT device, see Fig.
Example for communication via network variables: Publishers 1 and 2 on PC1 must have different IDs
(10 and 8), although the same ID (8) may be used in Publisher 2 and Subscriber 1.

Selecting the variable ID

([
1 In order to achieve unambiguous allocation we recommend using different IDs for each data com-
munication between connected PCs.

Reason: In Fig. Example for communication via network variables, PC2/subscriber2 not only re-
ceives the designed |ID=8-variable from PC1/Publisher2, but, since it is sent as a broadcast (!), it
also receives the NWV from PC3/Publisher1. Differentiation is then no longer possible in PC2.

+ Cycle Index
The 16-bit cycle index is a counter sent by the Publisher together with the data. It is generally
incremented with each transmission and can therefore be used as an indicator for flawless transfer. It
can be read on the subscriber side as Cyclelndex. Its appearance depends on the Publisher platform:

o Publisher on a PC: The variable Cyclelndex is not visible and is automatically and cyclically
incremented by the System Manager

o Publisher on an EL66xx: The variable Cyclelndex is visible and must be incremented/served by
the user such that it is not equal 0 on the subscriber side.
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PC2: 172162140/ 00:01:05:01:05:84
TWinCATIAMS MNet |d:172.16.8.297.1.1)

PC 1: 172.16.2.236 / 00:14:22:CA68.BC Devices
TwinCAT (AMS Net Id: 10.11.2.7.1.1) Device: RT-Ethernst (10 ms Task)
Devices Metworlk War. Subscriber 1
Device: RT-Ethernet (10 ms Task) Type: Unicast UDR/IP
Metwark Yar.: Publisher 1 |

|

VariableData 1: Word, ID=10
VariableData 2. Byte, ID = 2

Type: Unicast UDP/IP

VariableData 1 Word, [D=10
VariableData 2: Byte, ID = 2

Metwark Var.: Publisher 2 I
Type: Broadcast MAC VariableData 1 Word, | EES

Metwork Var.: Subscriber 2
Type: Broadcast MAC

VariableData 1: Word, ISR PC 3: 172.16.15.207/ 00.01.05.01 3149

Metwork Var.: Subscriber 1 TIEI)iHCAT (AMS Net 1d: 192.168.255.5.1.1)
Type: Broadcast MAC evices

Device: KT-Ethermet {10 ms Task)
VariableData 1 Word. - Metworlk War. Subscriber

Type: Broadcast MAC

VariableData 1 word, B8

Metwork VWar.: Publisher 1
Type: Broadcast MAC

VariableData 1. Word, |HEE

Fig. 74: Example for communication via network variables

Data representation on different platforms

o

1 Please note that simple and complex data (WORD, ARRAYs, REAL, STRING, user-defined struc-
tures) are represented internally in a different manner on different platforms! x86 platforms use
byte-alignment, others (ARM) 2-byte or 4-byte alignment.
This means that if a complex structure is created in an x86/PC PLC project and an ARM PLC
project, they can each have a different effective size and a different internal structure.
In Fig. Example for different size and structure in PC and CX, the structure in the CX (and hence
the network variable to be created there) is larger than in the PC; also the word and real variables
do not match each other because a variable can begin at any byte position in the PC, but only at ev-
ery even-numbered one in the CX.

Recommendation for structures that are identical on both end devices

- firstly, all 4-byte variables (must lie at an address that is divisible by 4)
- then all 2-byte variables (must lie at an address that is divisible by 2)

- then all 1-byte variables

Further recommendations

- if STRING(x) is used, the "EndOfString" zero is also interpreted as a character, otherwise x+1
must be divisible by 4

- the above rules also apply to sub-structures.
Please refer to the notes in the Structure section of the Infosys.
Use of Bus Terminal Controllers (BCxxxx, BXxxxx)

Since the representation of floating point numbers (REAL) on Bus Terminal Controllers (BCxxxx,
BXxxxx) differs from that in the x86, these cannot be transmitted. "SINT", for example, can be used
for signed values.
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PC1

x86, Byte-Alignment
struct:
BOOL 1 Byte
WORD 2 Byte
REAL 4 Byte
sum 7 Byte

MNetVar

PC2
CX90xx, 2-Byte-Alignment
struct:
BOOL 1 Byte
WORD 2 Byte
REAL 4 Byte
sum 8 Byte

Fig. 75: Example for different size and structure in PC and CX

Settings in the System Manager

® Appearance of the variables

Depending on the platform used (PC or EL66xx), the publisher/subscriber will appear differently. A

Publisher/Subscriber can be created.

* On a PC network interface, see Fig. Publisher settings - RT Ethernet
« on an EL66xx, see Beckhoff network variables - Settings [» 58]

The following settings options are available in the Beckhoff System Manager TwinCAT 2.10 build 1328:

Publisher, Box

=- B8 PLC - Configuration
2-1EE 20080821 ELGEOT NAY

== 2005-05-21 ELE601 NWwh-Image

Standard
=l 110 - Configuration
=B 1/0 Devices
=¥ Device 2 (RT-Ethernet)
== Device 2-Image
=& Inputs
1 Devstate
=L outputs
&/ Devitrl
= gﬁ Box 1 {Publisher)
=& Inputs
&1 FrameState
= Outputs
&/ FrameCtrl
=4 Pub-var 1
- &7 Inputs
&1 WarState
= Outputs
@] Warckrl
2l varData

o e Lo 4 Ll o AT

Gene[a|| Publish |

Sending Optionz

(%) AT-Ethemet [Ether Type 8544h)
() Broadcast
(%) Multicast
() Unicast

|07 01 05 04 00 00 |

O UDPARP

[rata Exchange

~

Diivider 1 -

Fodulo:

:

WLAM Suppart
[JEnable

L

I

Biow 1dx:

Fig. 76: Publisher RT Ethernet settings

RT Ethernet settings:

« MAC-Broadcast: Sent to all network devices, destination MAC FF:FF:FF:FF:FF:FF.

» Multicast: A destination MAC address becomes a multicast address if the first bit in the first byte of the
MAC (the so-called group bit) is set. With the Beckhoff ID "00 01 05" the default target address "01 01
05 04 00 00" is formed, as shown in Fig. Publisher RT Ethernet settings.
The MAC range 01:00:5E:00:00:00 to 01:00:5E:FF:FF:FF is intended for general multicast application,
with the first 3 bytes specified by the IEEE and the last 3 bytes derived from the lower part of the IP
address of the destination PC. The resulting destination MAC therefore never physically exists in the
network. Instead, the destination network card detects Ethernet frames formed in this way as multicast
frames sent to it, although the Ethernet port itself can have another, unique MAC address. Please refer
to the relevant literature for further rules relating to the formation of multicast MAC/IP addresses.

CuU2508

Version: 2.7

61



BECKHOFF

» Unicast: Either direct entry of the destination MAC or via the AMS Net ID of the destination device, e.g.
123.456.123.456.1.1, in which case this route must be entered in the local AMS router (right-click on
the TwinCAT icon in the taskbar --> Properties --> AMS router)

Commissioning

Use of broadcast and multicast

o

1 Network variables sent as broadcast or multicast at MAC or IP level can generate high network load
(depending on the cycle time), since they are multiplied into the whole connected network. This may
cause simple network devices such as printers to crash. With short cycle times all network traffic
may become blocked.

We strongly recommend using unicast addressing, taking into account variable identification [P _59],
as described above.

Advanced Settings:

» Data exchange: The task cycle time * divider is the rhythm at which this network variable is sent. (not
for EL66xx)

» VLAN support: In conjunction with manageable switches the Ethernet frame parameterized here can
be assigned a fixed route via VLAN tagging (Virtual Local Area Network).

=58 PLC - Configuration -~

218 2005-05-21 ELAEO1 MWy | General | Publish |
=} 2005-08-21 EL6601 Nv-Image Sending Options D ata Exchange
Standard —
= I 110 - Configuration () RT-Ethemet [Ether Type 8344h) Diivider 1 e
=B} /0 Devices
Modulo:
=¥ Device 2 (RT-Ethernet) ey EI
-I- Device 2-Image | | WLAM Support
=& Inputs
&1 Devstate | | []Enable
=4l Outputs | | I:I
@] Devitrl
=R [\ Eio 1 (Publisher) :I
(&) UDP/P
=4 Inputs
%] FrameState (O Broadcast
= §l outputs ) Multicast | |
®] FrameCtr| )
o/, Ipaddr () Unicast | 172 .16 . 15 . 207 |
-2 Pub-var 1
=& Inputs ARP Retry Interval [mz): |1EIEIEI & |
1 vardtate [] Dizable Subscriber Monitarin
g
= L Outputs Biox Idx:
&/ varld Target Address Online Changeable
&/ varCtrl
Pl WarData

Fig. 77: Publisher settings - UDP/IP

UDP/IP settings - the addressing technique of the IP network layer with IP addresses is used. UDP is a
connection-less protocol without feedback.

» Broadcast: Sent to all device with destination IP (v4) 255.255.255.255
» Multicast: The destination IP must be specified, see notes on MAC multicast

» Unicast: Specify the target device (e.g.: 192.168.0.1), making sure that it can be reached through the
subnet mask

Use of broadcast and multicast

o

1 Network variables sent as broadcast or multicast at MAC or IP level can generate high network load
(depending on the cycle time), since they are multiplied into the whole connected network. This may
cause simple network devices such as printers to crash. With short cycle times all network traffic
may become blocked.

We strongly recommend using unicast addressing, taking into account variable identification, as de-
scribed above.
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Advanced Settings:

* "ARP Retry Interval": In order to ascertain the presence of the recipient, the publisher sends an ARP

request to the target device at these intervals. If the network administration of the recipient is

operational, it sends an ARP reply. This is only meaningful with unicast.

In the event of an error bit 3 is set (0x0004) in the diagnostic FrameState variable.
Note: ARP handling (ARP = Address Resolution Protocol: allocation of hardware/MAC addresses to
network addresses [IP]) is managed by the operating system (Windows).

» "Disable Subscriber Monitoring": Deactivates the proced
« "Target Address changeable": In this case the destinatio

Publisher, Variable

3-8 PLC - Configuration ~

=-JEE 2005-08-21 ELEGA1 Ky General | Publish |

ure described above
n IP can be changed dynamically

+ 2008-05-21 ELEE01 MY -Image
Skandard
7 1/0 - Corfiguration
=B I/0 Devices
[=- ¥ Device 2 (RT-Ethernet)
== Device 2-Image
= &T Inputs

On Change Only
[JEnable

ariable 1d

[ata Exchange

Divider
todulo:

[ |

&1 DevStake | 1 |

[ Change... ]

Output:
=@ .'-'l E)L;Ctrl Orline Changeable

= g‘g Box 1 (Publisher)
= &1 Inputs

1=

&

&1 FrameState
= §l Outputs
@] FrameCrl
@] IpAddr
ER Y
= &1 Inputs
&1 VarState
= §l Outputs
&/ varld
@] VarChrl
ol varData

Fig. 78: Publisher variable settings

Settings:

» "Variable ID": Identification number with which the variable is sent. Can be changed online via PLC

where appropriate
» "Data exchange": see above (not for EL66xx)

» "On change only": NWV is only sent if the value changes (not for EL66xx)
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Subscriber, Box

%] FrameChrl
&/ Ipaddr
=84 Pub-var 1
= %T Inputs
%1 VarsState
= ‘l Cukputs
%] VYarld
&) Varckrl
&bl YarData
= .ﬁ Box 7 (Subscriber)
=] %T Inputs
%1 FrameSkake
=] ‘l Cukputs
%] FrameChrl
=&, Sub-Yar 1
= %T Inputs
%1 VarsState
&1 Quality
T CycleIndex
&l varData
= ‘l Cukputs
%] VYarld
&) Varckrl

|

Fig. 79: Subscriber settings

Settings:

General | Subscribe

Receiving Dptionz

(%) Ay Publigher

O Publisher Netid |

kulticazt Configuration

Multic:azt |EI'I 0105040000

[CJUDPAP |

Box |dw:

» "Receiving Options": Only permits NWVs from a certain publisher for this subscriber
» "Multicast Configuration": ditto

Process data:

«  "Varld": If activated, the variable ID can be modified online

Subscriber, variable

%] FrameChrl
&/ Ipaddr
=- &4 Pub-var 1
= %T Inputs
T VarState
= ‘l Cukputs
%] VYarld
%] Varckrl
bl varData
= .ﬁ Box 7 (Subscriber)
= %T Inputs
%1 FrameState
= ‘l Cukputs
%] FrameChrl
Sub-Yar 1
= %T Inputs
T VarState
&1 Quality
T CycleIndesx
T VarData
= ‘l Cukputs
%] VYarld
%] Varckrl

|

General | Subcribe

Wariable |d
Publizher W ariable 1d:

Online Changeable

[ Ignare D ataType Hash

Fig. 80: Subscriber variable settings
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Settings:

« "Variable ID": Only permits NWVs with a certain ID for this subscriber. Can be changed dynamically via
PLC where appropriate

* "Ignore Data Type Hash": Hash calculation is currently not supported

Process data:

» "Quality": See explanatory notes above

» "Cyclelndex": This index is incremented with each successful transfer, IF this is done by the opposite
side, i.e. the publisher. If the publisher is an EL66x, the user must increment Cycleldx there.

« "VarData": Transferred data
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5 Appendix

5.1 ESL Protocol

The EtherCAT Switch Link protocol (ESL) from Beckhoff is a simple extension for the control of EtherCAT
infrastructure components. It is currently used (as of 2010) for the operation of the ET2000 Industrial Ethernet
Multichannel Probe and the CU2508.

The ESL data consist of 16 bytes of control data and information, which are added as a prefix (in front) or as
a postfix (to the end) of an existing Ethernet data frame. The check sum (CRC) is adapted accordingly.

ESL Prefix
ESL 16 Byte CRC
A A

User data
max. 1514 bytes

application data CRC

sroidst opt, Eth

MAC | VLAN | Type data

Fig. 81: CU2508 ESL prefix

The ESL data are structured as follows:

Bytes [O[1[2[3[a[5[6[7[8]9 [10][11[12]13]14]15
DST MAC ID Ctrl Timestamp
01-01-05-10-00-00 State (64 Bit DistributedClocks)
Bits 15 [14]13 1211 [10]e[8]7[6 5 41321 0
PortNo. 0.9 Timestamp | Frm | Port Ext
(Bitmask) enable Errar | 10,11 ’

Fig. 82: ESL structure

Ethernet network monitors

The freely available network monitor Wireshark has contained an interpreter for the ESL protocol since the
version 1.4.2.

5.2 Firmware Update

The CU2508 has 2 different firmware versions, one for the FPGA and one for the controller.

The CU2508 must be operated in a special configuration for the determination of the current firmware
version and for updating. It must therefore be removed from the application and is to be operated as an
individual EtherCAT device on a TwinCAT system.

The following steps must be carried out in order to update:

1. TwinCAT

On the PC system used for programming, TwinCAT must have at least version 2.11R2 build 2021 or
TwinCAT 3.1.
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TwinCAT System Properkies

General |S_I,Istem A5 Router | PLC Reqistration
TwinCAT Syztem Contral

£l w2 11.0 [Build 2002)
TwinCAT NC |

[v2.11.2021 [Build 2021)|

Fig. 83: TwinCAT Version

2. ESI/XML description

The current CU2508 ESI/XML data must be present on the system; they can be downloaded from the
download area on the Beckhoff web page and are to be saved under ..."\ TwinCAT\Io\EtherCAT\".

3. Installation of the CU2508

Connect the CU2508 with its uplink to an Ethernet port on the master PC and connect the power supply. The
port must be set up as a real-time port with the Beckhoff TwinCAT driver. The downports X1..8 must not be
connected.

P kvt
e

n . L
n & ni
. o EERN
I - P
]
[
I )

Fig. 84: CU2508 structure

4. Creating the TwinCAT configuration

The CU2508 must now be added manually as an EtherCAT device. To do this, set up an EtherCAT device
and specify the adapter to be used.

Instruction TwinCAT 2:

Open a new System Manager window. This causes the ESI data updated above to be read in again.
- Bl 5¥STEM - Configuration

- M - Configuration

----- B PLC - Configuration

EI. I} - Configuration

Type: El_wu= EtherCaT

. AT B

Fig. 86: Selection of the device "EtherCAT"
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Device Found At

| PROAO00 Ph Mebwork Conne
LAM3 [IntellR) 82541ER Baszed Gigabit Ethe
100k [InkellR1 PROA00WE Mebwork, Caonn

Fig. 87: Selection of the Ethernet adapter

If the adapter you want is not visible, then the Beckhoff real-time driver is not yet installed on this adapter.

Now append the CU2508.

EI. I} - Configuration
Elﬁ /0 Devices

e .
+ Dievice M Append Box...
+ Device F'.I:II:IEFIEI EtherCAT Crnd

[+ %] Inpuks .
EEI---% Outpu P Delete Device

Fig. 88: Right mouse click, Append device

If the device name is entered in the search mask (A) the overview is reduced in size. Activate the check
boxes "ExtendedInformation" and "ShowHiddenDevices". As a result of this, a previously hidden element,
the CU2508 configuration port, becomes visible (in this case: CU2508-0000-0016).

Insert EtherCAT Device

Search CU2504 | Mame: |B|:|:41 | Hultiple: |1 :l [ 0K ]

Tupe: = B2t Beckhoff Automation GmbH [ Cancel ]

=B Ethemet Port Muliplier[CU25x]
= JB CU2508 Ethernet Port_[CUZE08-0000-0000 (0355432 / 00000000) i
H CU 2508 Canfiguration Part | [CU2508-0000-0016 [09:c5432 / 00710C

< | >

E stended Information Shaw Hidden Devices [ ] 5haw Sub Groups

Fig. 89: Selection of the CU2508-0000 configuration port

Select this device. The configuration now consists of the “EtherCAT Device” and the single slave CU2508.

Now ensure that the function is correct by restarting TwinCAT (B) in ConfigMode and carrying out
ReloadloDevices (press key F4). If the EtherCAT device is selected (A), the current State OP (D) and Traffic
utilization (E) are displayed in the Online tab (C). Approx. 250 CyclicFrames per second are usual in the
ConfigMode with a 4 ms cycle time; no lost frames or TXRXErrors may occur.
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DS@H S0 R0 A0 8 asdGans

- Bl 5¥STEM - Configuration

@ B (BQ[2 |6 . 6 4

- M - Configuration General | Adapter EtherdICi Online | CoE -I:I|Re|.;.a.;| 1/ Devices |:|:4jh
.M PLC - Configuration
EI! 1j - Configuration Mo Addr | Mame State CRC
=B /O Devices L7 ] 1001 Box 1 [CUZ508) @ oP 0
@ B Y e vice 1 (EtherCaT)
-I- Device 1-Image
g Device 1-Image-Info Actual State: aF Coiter Cuclic Husued
-] Inputs - Send F 30489 1453
It Pre-0p | [Safe0 ] Endrrames *
- @l Cutputs [ J | e | p) [ 0p ] Frames / sec 254 + 12
- § InfoDats [ Clear CRC ] [ Clear Frames ] Last Frames o + 0
=B Box 1 {CUZ508) - = TrRx Erars a A0
‘ InfoDiaka [ Save Online Data ] [Luad Online Data...]
@8 Mappings Delete Online Data | [] Offline
Murnber B Marme Address | Tvpe In Size o
a1 Box 1 (CLIZ508) 1001 12508
Fig. 90: Online configuration
Instruction TwinCAT 3:
The procedure is the same as for TwinCAT 2: add the "CU2508 Configuration Port" to the selected
EtherCAT adapter.
Solution Explorer CU2508 update + X
@B - f|£| General  Adapter  EtherCAT Online CoE - Oriline
Search Solution Explorer (Ctrl+0)
o i : (®) Network Adapter
:nj S;u[t:]o;ﬁmiuzsgagupdate (1 project) ® 05 (NDIS) OFcl () DPRAM
5 ,_update
b @l SYSTEM Description: [Ethemet 2 (<000) |
:IET‘DN Device Name: "DEVICEY |1isert EtherCAT Device X
E zﬁiET\" WG Ao o] Search:  [cu250 | Mame:  [Boxt | Muiple: [T 2
& AnALYTICS : Tupe: 3 "
— IP Address: 169.2542 Tvpe: [-feee Beckhoff Automation GrmbH & Co. KG Cancel
“ /0 = H Ethemet Port Multiplier CL 25:x]
4% Devices [ Fromisg -l CU2508 Ethemnet Part (CU 2503, Pt
4 B [vn:e'l (EtherCAT) [ vitual B ] CU2508 Configuration Port [CU 4
*0 Image
’5 Image-Info
2 SyncUnits () Adapter Reference o
3 Inputs (® B (Ethemet]
I [ Outouts

Fig. 91: Append Configuration Port

Then check that it is operating correctly:

* No Lost frames
» State:OP

CuU2508 Version: 2.7 69



Appendix BEGKHOFF
Solution Explorer LAl CU2508_update + X _

) o '| © - a | ﬁEI Genersl Adapter EtherCAT Online  CoFE - Orline
Search Solution Explorer (Ctrl+a) P -
fa] Solution 'CU2508_update’ (1 project) Mo Addr | Name State CRC
4 ] CU2508_update L) 1001 Box 1(CLI2508) OP 0
b [l SYSTEM
MOTION
W
E:EETV Actual State: QP Counter Cyclic Queued
E C++ Imit Pre-Op = |SafeOp Op Send Frames 4379 + 481
ANALYTICS Clear CRC Clear Frames Frames / sec 499 4
d I/0 Lost Frames 0 + 0
4 %2 Devices To/Foc Ermors 0 /0
4 == Device 1 (EtherCAT)
*8 mage
*8 |mage-Info -
b 2 SyncUnits Number Box Name Online Address  Type
[ Inputs L Box 1 (CU2508) 1001 CuU2508
b [l Outputs EPM Inpu...
b [ InfoData * Dropped frames m 0
4 B Box1(CU2508) #* Dropped frames tx 0
B EPM Inputs Channel 1 FPM Inn...

Fig. 92: Check for lost frames and State: OP

5. Reading out the current ESI/FW version

On the basis of fig. Online configuration, EtherCAT ESI revision, controller and FPGA-FW can now be
checked.

ESI Revision

When the system is running in ConfigMode, the revision found can be displayed by scan:

4 |5 o
4 ‘ﬂ% Devices
4 [&3 Device 1 (EtherCAT)

a 4
’: Ima %9 Add New Item... Ins
* i
) :;m‘ 0 Add Existing ltem... Shift+Alt+A
W
b = Inp X Remove Del
b [ Oul Change Metld...
b B Infc Save Device 1 (EtherCAT) As...
4 P Box
B Append EtherCAT Crd
D’ Append Dynamic Container
E Online Reset
b Online Reload
[+ Online Delete
b %, Scan
B

Fig. 93: Display revision after scan

If the connected CU2508 carries a different revision, the following is displayed:
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Check Configuration *
Found [tems: Disable Configured [tems:
----- B Box 2 (CU2508) [CU2508-000 |:DD‘I 7] | s -l Bow 1 [CU2508] [CU2508-000 I-DD1EI I
Delete »

» Copy Before »

» Copy After »

» Change to »

»» Copy All >

Fig. 94: Display different revision

Controller firmware (*.efw)

Select device CU2508 (A); the online CoE directory of the device is displayed in the CoE-Online tab (B); the
firmware version (in this case 01) is displayed in the index 0x100A (D). Note that in (C) “OnlineData” (green)
is displayed.

#- B 5¥STEM - Configuration

----- BB riC - Configuration

General | EtherCaT | Process Data Startl CoE - Online | Online
BB PLC - Configuration [

=B 1o - Configuration Update List | [Oauo Update Single Update [] Show Offline [
=B 1/0 Devices ( Advanced... | |

=== Device 1 (EtherCaT)
. Device 1-Image todule 0D [&oE Port) E
== Device 1-Image-Info
- &1 Inputs Index I ame Flags Y alue
- @l Outputs 1000 Device type RO 0x0401713¢
#-§ InfoData 1002 Device name RO CU2502
= Box 1 (CLU2508) 1009 Hardware wersion RO IEI 0o
- InfoData 1004, Software verzion RO m
@& Mappings +- 10180 [dentity RO »dy

Fig. 95: Reading out the controller firmware version

FPGA firmware (*.rbf)

Select device CU2508 (A); press Advanced Settings ... (C) in the EtherCAT tab (B). There, select Memory
(D) and read out the data starting from StartOffset OEQO (E).

If the function is correct, the firmware version (here: 12) can be read at position xOEQO (F) and 2508dec at
position XxOE06.
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Solution Explorer

Eal CU2508_update & X

oy | T L oA
@ & | [C-L ‘ >~ IEI General EtherCAT  Process Data  Plc Statup  CoE -Online  Online
Search Solution Explorer (Ctrl+0) B
Type: |CU254}3 Configuration Port |
R Solution 'CU2508_update' (1 project)
4 1 cuzsoe_update Product/Revision: [CU2508-0000-0019 |
b @l SYSTEM AdolmchAdd: 0| C
[z
:IILCCJTION EtherCAT Addr: [] [1001 = Advanced Settings I
[ SAFETY Identification ol 10 =
E Coes Frevious Fort- Advanced Settings
ANALYTICS
=} General Memo
4 [FHwo , 4
i - Behavior
4 %L Devices . Timeout Settings Start Offset: E o0t} Offs Dec Hex
4 = Device 1 (EtherCAT) \dentificati
= - Identification Length: 0400 0200 F 12 000c
5% Image - FMMU / 5M
’E Image-Info X Working Courter: |1 0e02 0 D00
X nit Commands
B2 SyncUnits ailbox Oeld 0 0000
E = 'C’J‘P“‘f‘ i#-Distributed Clock [ Auto Reload 0e06 2508 09cc
utputs
P £ ESC Access [ Compact View Wite 002 2 0002
> [ InfoData - EPPROM
4 BN Box 1 (CU2508) A " Configured Statio [ Use Fixed Addr 0elz 0 0000
3 EPM Inputs Channel 1 é---Enhanced Link De Oelc 24064 5e00
b EPM Inputs Channel 2 Srnart View EtherCAT Slave Controller Type Oele 945 03b2
[; :m:npuBE:anne:i Marne .. Hex Editor ®) Unspeciied 0el0 1] 0000
ts
npas renne #1 Dropped fram ~FPGA Qescroz Oe12 0 0000
4 EPM Inputs Channel 5 - Memory D O IP core
b EPM Inputs Channel 6 %1 Dropped fram| A Oe1d 0 0000

Fig. 96: Reading FPGA firmware

6. Firmware and ESI Update

On the basis of fig. Online configuration, if communication is working perfectly, an update of ESI, controller
and FPGA firmware can be performed by right-clicking on the CU2508 device.

Boux: Mame Address

Box 1 (iCUZ508)

Mumber Type

EEPR.OM Update. ..
FPa4A Update. ..

Firmware pdate. .,

Fig. 97: Update by right-clicking

ESI/XML- update

The ESI *.xml can also be overwritten by "EEPROM Update". Then select and program the corresponding
XML revision of the "CU2508 Configuration Port".

-

Write EEPROM

Available EEPROM Descriptions: || Show Hidden [

-5t Beckhoff Automation GmbH & Co. KG
-0 XIS
-2 XTS Hygienic [ATH2xxx)
#-+8s EtherCAT Infrastructure components
=P Ethemet Port Multiplier(C1J25xx)
| P CU2508 Ethemet Port  (CU2508-0000-0000 (09cc5432 / 00000000))
P CU2508 Ethemet Port  (CU2508-0000-0000 (09cc5432 / 00000000))

- CII2508 Configuration Port  (CLJ2508-0000-0016 (09cc5432 / 00100000))
S ] CU2508 Configuration Port  (CU2508-0000-0017 (09cc5432 / 00110000)
- Ethemet Port Multiplierf(ET3511)
@ § Digital Input Terminals (EL1xxx)

Fig. 98: Select XML revision
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Display of the revision CU2508 slaves

[

1 Only the ConfigurationPort of the CU2508 is described with an updated ESI, if necessary. This is
used to set some of the CU2508's properties. The CU2508 slaves running in regular EtherCAT op-
eration always report with revision 0000 and cannot be programmed separately.

4 @ /0
d 1}1% Devices '-_UES“};}_TESt | A
EF Device 1 (RT-Ethernet Adapter) General  EtherCAT | Onfine
4 = Device 2 (EtherCAT)
*% Image Type: [CU2508 Ethemet Port
Ml
I -Inf
1% Tageme Product/Revision: ~|CU2508-0000}0000
B2 SyncUnits
b [ Outputs EtherCAT Addr: [] [1001 .
[ InfoData o - =
4[] Box1(CU2508) Identification Y alue: |0 =
[ L Intolata Previous Port: Master
BT Termn 2 (EK1101)
B R Aol o

Fig. 99: Display of the revision -0000

FW Update

The firmware is ideally downloaded to the CU2508 in bootstrap mode.

cuzsos update -+ > |

General BEtherCAT Process Data  Plc Statup CoE - Online  Online
State Machine
It Bootstrap
Cument State: BOOT
PreOp SafeOp
Reguested State: BOOT
Cp Clear Emor
DLL Status
Port A |Can'ier / Open |
Edit FoE Name >
PotB:  |NoCamer/Closed |
Port C: No Carier / Closed Stiing | CLI2508_5w/12 o ok ]
PotD: |NoCamier /Closed Hex: (43 55 32 35 30 38 6F 5367 31 32 | Cancel
File Access over EtherCAT Length:
Upload... FPazzword [hes]: Q0000000

Fig. 100: Update in Bootstrap Mode

FPGA update

The FPGA firmware is loaded by right clicking, this can take a few seconds.
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4 e Mumber Box Mame Online Address
4 L Devices .

4 = P.eu;lce'l (EtherCAT) EPM Inpu... EEPROM Update...
g4 Mage # Drog FPGA Update...
*® Image-Inf
e e # Dro Fi Updat
b 2 SyncUnits P irmware Update...
[+ Inputs EPM Inpu... Change Address...
Dro
b [ Outputs * i Change to Compatible Type...
b [ InfoData Drog,
4 B4 Box1(CU2508) EPM Inpu...
3 EPM Inputs Channel 1 * Dropped frames m 0
X FRRA I .o L 17 L2 Mrammed frammar fu n

Fig. 101: Update FPGA firmware

A TwinCAT3 message window then appears:

Tcxaeshell >

FPGA successfully updated. The target devices need a power down/power up
SEQUEnCE

oK

Fig. 102: Message window FPGA Update

The CU2508 must then be briefly switched to the de-energized state.
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5.3 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
* It is 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_66].

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 suitable for the hardware version!

CuU2508

Hardware (HW) |Firmware (FW) Revision no. Date

00 - 09* 01 CU2508-0000-0016 2011/01
02 CU2508-0000-0017 2011/03
03 2012/05
04 2013/01
05 2013/01
06 2014/10
07 CU2508-0000-0018 2015/08
08 2016/02
09 2016/06
10 2017/05
11 2019/08
12 CU2508-0000-0019 2019/10
13* 2021/07

*) This is the current compatible hardware version at the time of the preparing this documentation. Check on
the Beckhoff web page whether more up-to-date documentation is available.
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54 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: https://www.beckhoff.com

You will also find further documentation for Beckhoff components there.

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:

e support

+ design, programming and commissioning of complex automation systems

+ and extensive training program for Beckhoff system components

Hotline: +49 5246 963 157
Fax: +49 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 5246 963 460
Fax: +49 5246 963 479
e-mail: service@beckhoff.com
Beckhoff Headquarters

Beckhoff Automation GmbH & Co. KG

Huelshorstweg 20

33415 Verl

Germany

Phone: +49 5246 963 0

Fax: +49 5246 963 198

e-mail: info@beckhoff.com

web: https://www.beckhoff.com
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More Information:
www.beckhoff.com/CU2508

Beckhoff Automation GmbH & Co. KG
Hilshorstweg 20

33415 Verl

Germany

Phone: +49 5246 9630
info@beckhoff.com
www.beckhoff.com
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