211124 ¢y e Hannover Messe 2008

EtherCAT is: -
> faster EtherCAT Introduction
» Industrial
Ethernet
~ more flexible  Functional Principles
o wire
» easier to °
configure TOpOIOgy
> lower cost * Benefits
» easier to . . .
implement » Application Fields

> well '

well proven  Implementation
» open

> safety

» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology
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2i12( ¢y raml EtherCAT is the Ethernet Fieldbus

EtherCAT is: « EtherCAT is realtime down to the I/O level
~ faster * no underlying sub-systems any more
» Industrial o :
o no delays in gateways
> more flexible * In-and ?utputs, sensors, drives, displays:
to wire everything on one system!
» easier to
configure
» lower cost
» easier to
implement

» well proven
» open
> safety

» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



21120y i EtherCAT is faster =

. W
EtherCAT is:

> faster

>:E”tf]“3t”a' Transmission Rate: 2 x 100 Mbaud (Full-Duplex)
ernet

> more flexible
to wire

Update Times:

" configure + 256 digital /0 in 11 s
> lower cost * 1000 digital I/O distributed to 100 nodes in 30 ps = 0.03 ms
> i t o . . .

ﬁﬁ‘;;g[ngnt 200 analog 1/O (16 bit) in 50 us, 20 kHz Sampling Rate
> well proven * 100 Servo-Axis (each 8 Byte IN+OUT) in 100 pus = 0.1 ms
> open « 12000 digital 1/0 in 350 us
> safety

» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



=120y ram EtherCAT is faster

Ellereinl Bandwidth Usage of Ethernet for /O and Drives:
> faster
5 Industrial Ethernet Frame: = 84 Bytes

e (incl. Preamble + IPG Inter-Packet Gap)

data pay load:

e.g. 2Bit...6Byte

> more flexible

22J|31tes 4 Bytes 12 Bytes

to wire ~ =~ OO A
Ethernet Header| I Data: 246 Bytes  |[CRC IPG
> easier to ———————————————————————— ] || O
configure Request with output data

node
> lower cost @ reaction
e time

» easier to Ethernet Header I Data: 246 Bytes CRC IPG
implement

Response with input data
» well proven

with 4 Byte input + 4 Byte output per node:
4,75% application data ratio at Ous reaction time/node
1,9% application data ratio at 10us reaction time/node

» open
> safety
» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology
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=120y ram EtherCAT is faster

EtherCAT is: Bandwidth Usage Comparison:
» faster
» Industrial

Ethernet At 4 B)(/jte user data 100

er node. i

» more flexible P 20

Bl « Polling / Timeslicing: 807
> easier to ca. 2..5% 70+

configure 60-
> lower cost * Broadcast 50+

(Master — Slaves):

> easier to ca. 20...30% 404

implement ' o 30)-
» open per node: 10-
> safety * EtherCAT: 80...97% 0-

Polling/ Broadcast EtherCAT

» redundancy Timeslice
» versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



211127 ¢y el Functional Principle: Ethernet “on the Fly”

EtherCAT is:

> faster

> Industrial
Ethernet

> more flexible
to wire

> easier to
configure

> lower cost

>§ﬁ§:§:nt§nt * “Train” (Ethernet Frame) does not stop

« Even when watching “train” through narrow window one
sees the entire train

« “Car” (Sub-Telegram) has variable length

* One can “extract” or “insert” single “persons” (Bits) or
entire “groups” — even multiple groups per train

» well proven
» open

> safety

» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



211127 ¢y el Functional Principle: Ethernet “on the Fly”

EtherCAT is:
> faster
» Industrial D D

Ethernet EtherCAT Slave EtherCAT Slave

I Controller Controller I

[19) e | | | | | |

» easier to
fi : :

Pkl Process data is extracted and inserted on the fly

» lower cost

* Process data size per slave almost unlimited
> easier to (1 Bit...60 Kbyte, if needed using several frames)

implement o _

« Compilation of process data can change in each cycle,
e.g. ultra short cycle time for axis, and longer cycles for 1/O
> open update possible

> safety  |n addition asynchronous, event triggered communication

» redundancy

» well proven

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



211127 ¢y el Functional Principle: Ethernet “on the Fly”

EtherCAT is:

> faster

> Industrial
Ethernet

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven
» open

> safety

» redundancy

> versatile

Minimal protocol overhead via implicit addressing
T ]

o Data

IPC

EH

Ethernet HDR FH E

Data Data

CRC

WKC
WKC
WKC

» Optimized telegram structure for decentralised 1/O

« Communication completely in hardware: maximum
performance

* no switches needed if only EtherCAT devices in the
network

» Outstanding diagnostic features
« Ethernet-compatibility maintained

03/06/2008 EtherCAT: Ethernet Control Automation Technology



EtherCAT is:

> faster

> Industrial
Ethernet

> more flexible

to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven
» open
> safety

» redundancy

> versatile

03/06/2008

« 40 Axis (each 20 Byte Input- and Output-Data)
« 50 I/O Station with a total of 560 EtherCAT Bus Terminals
« 2000 Digital + 200 Analog I/O, Bus Length 500 m

» Performance EtherCAT: Cycle Time 276us
at 44% Bus Load, Telegram Length 122us

EtherCAT
Sercos Il
Profinet IRT
Powerlink (Gbit™)
Powerlink

Profinet |/O

0

e
=127 ¢y raae Performance: Application Example

276 Js

479 |

in spite of this cycle time still 56%
bandwidth remaining, e.g. for TCP/IP

EtherCAT: Ethernet Control Automation Technology

1000
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7000

* announced. Computed with Formulas from Ethernet Powerlink Spec V 2.0, App.3



211121y e EtherCAT Propagation Delay Measurement (l)

EtherCAT is: . -

> faster EtherCAT Node measures time difference

> Industrial between leaving and returning frame
Ethernet

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven

» open

> safety
» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



211219y e EtherCAT Propagation Delay Measurement (ll)

EtherCAT is:
> faster Propagation delays between any nodes can be
> Industrial computed
Ethernet
» more flexible
to wire IPC.
> easier to ®
configure
» lower cost s on
» easier to I
implement

» well proven
» open S

> safety

» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



=i12( ¢y ram EtherCAT Distributed Clocks

EtherCAT is:

> faster Precise Synchronisation (<< 1 ps!) by exact
> Industrial adjustment of distributed clocks

Ethernet
> more flexible —
to wire IPC
* ALILLL
> easier to * 1 i I'
configure
> lower cost © oW

NEmEEEE.
> easier to i E ]

implement

» well proven S _S

» open
> safety
» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology
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=i12( ¢y ram EtherCAT Distributed Clocks

EtherCAT is: Long Term Scope View of two seperated Devices

:::tl:ma 300 Nodes in between, 120m Cable Length
dralie

» more flexible ...... .

to wire

> easier to

configure
> lower cost : : | . : | | |
> easier to SRR _E .| Jitter: ~ +/-20ns | . . ..
implement : : : : : ‘ : ' '

» well proven

> open o e :.
>Safet : : . . . : . . . : :

y @G 2.00V - Ch2 2.00V .a. Ch1 1 1.40V
» redundancy f f : : : I+vu mmnns : :

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology
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=227 ¢y paae EtherCAT is Industrial Ethernet!

EtherCAT is:  EtherCAT uses Standard Frames: IEEE 802.3
> faster v/ Alternatively via UDP/IP (if IP Routing is needed)
> Industrial  no shortened Frames
Ethernet
MTU: max. 1514 Byte
» more flexible — B N —
0 wi
O Wire 48 Bit 48 Bit 16 Bit 16 Bit 32 Bit
» easier to Destination Source EtherType| Header | ... CRC
configure | \ —
' Embedded in Standard Ethernet Y i
> (e eEs ' Frame w. EtherType 88A4h 1..n EtherCAT
: i Datagrams
> easier to | : :
implement | 160 Bit 64 Bit
Ethernet H. IP Header UDP H. Header | ... CRC
» well proven :

> Or: via UDP/IP

open with UDP Port 88A4h
> safety 11.Bit 1 Bit 4 Bit
» redundancy Length Res. Type
> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology
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=227 ¢y paae EtherCAT is Industrial Ethernet!

EtherCAT is: - fully transparent for TCP/IP
> faster v . allInternet Technologies available: HTTP, FTP, ...
» Industrial » without restricting the Real Time capabilites!
Ethernet
> more flexible EtherCAT Slave Device
to wire
_ Ethernet Real Time
> easier to Application Application
configure Standard I I
> lower cost TCP/IP || TCP || UDP
Stack —— I I
> easier to IP aoicle
implement | Dalta
> well proven Mailbox | | Process Data |
EtherCAT MAC / DLL
» open | |
> safety Ethernet PHY Ethernet PHY

» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



=iz 5y ram EtherCAT is Industrial Ethernet!

EtherCAT is: « Any Ethernet Device can be connected to Switchport
> faster v/ . Access to Webserver with Standard-Browser | webserver
> Industrial

Ethernet virtual

Ethernet
» more flexible Switch . . "
to wire Functionality
: IPC ,
» easier to SR l-
L

configure EREEEEEREN
» lower cost
® mow

> easier to
implement

» well proven
» open

> safety

» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



e
221 ¢y e Switchport: Any Ethernet Protocol

EtherCAT is: * Interface to any Ethernet Device or Network
> faster v+ Ethernet Frames are inserted into EtherCAT Protocol
> Industrial » “Ethernet over EtherCAT”
Ethernet
> more flexible EtherCAT Switchport
to wire
> easier to Ethernet MAC PHY -
configure * *
> lower cost | RX1 | RX2 | RX3 | Rx4 |
aC
» easier to
implement | Fragmentation |
» well proven | Mailbox | | Process Data |
PHY EtherCAT MAC / DLL PHY
» open
II | X1 | | r—
> safety | | 1

» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



=iz 5y ram EtherCAT is Industrial Ethernet!

EtherCAT is: - Virtual Ethernet Switch routes any Ethernet Frame
- fester ¥ . From inside as well as from outside the segment
» Industrial

Ethernet virtual

Ethernet SW|tchport

» more flexible Switch

to wire Functionality
» easier to

configure )
> lower cost | W (%9 L
» easier to

implement

» well proven
» open
> safety

» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



21120y rame EtherCAT: Flexible System Architecture

EtherCAT is: Master < Slave
> faster J  Master « Master
> Industrial slere = elene
Ethernet Master
» more flexible IPC.
to wire E 1PN -
> easier to CSwiteh
configure omm| :
T :
> lower cost . an :
Master :: :
> easier to IPC. : s h/
implement Blq.; |mm qA0HE "'"@r
Qoooene ..._l. ........ HEEE 8| w [o2[22]22]
» well proven -
A —
> open s oovi \ JCANopen =
> safety ﬂe;f;eﬂgtb .
» redundancy :

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology




=112y ram EtherCAT wiring is more flexible

EtherCAT is:

> faster ~ Standard Ethernet Topology: Star

not ideal — here a test setup for demo purposes ;-)

> Industrial
Ethernet J

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven
» open
> safety

» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



=112y ram EtherCAT wiring is more flexible

EtherCAT is: _ .
> faster / Line-Topology: any number of nodes lined up

»> Industrial V4 NT=Tom

> more flexible
to wire

> easier to
configure

» lower cost ' 'r
> easier to
implement

» well proven up (¢

> open 65535 ===l====:=l===::=.==:::=l::::==.= t
P nodes :: BB B B H E
> safety

» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



=112y ram EtherCAT wiring is more flexible

EtherCAT is:

> faster 4 Topology-Variant: “Daisy Chain”

»> Industrial V4 NT=Tom

Ethemnet . ? HEEEEREEREERERRE
> more ﬂeX|b|e I I I I I R I B Bt R R B S

to wire

o o 1.-..-..-..-..-..-..-..-..-..-..-.|-
> easier to B BB BEHBEBBRE

configure

> lower cost

> easier to
implement

» well proven
illlllllllllllllr
> open

> safety

> redundancy Cable: Standard CATS5 Cable
without “Crossover”

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



=112y ram EtherCAT wiring is more flexible

EtherCAT is:

> faster + Topology-Variant: “Daisy Chain” with Drop Lines

> Industrial J ?
Sihernet . LI SR

> more ﬂeleIe BB I I B B Bt B B H B BB
to wire

o o .l..l..l..l..l..l..l..l..l..l..l. .l..l....l..l.l-
> easier to EE B BHBEBHBE EE BB
| ]
| ]

configure

> lower cost ' 'r
» easier to
implement

» well proven

> safety
> redundancy Cable: Standard CAT5 Cable

without “Crossover”

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



=112y ram EtherCAT wiring is more flexible

EtherCAT is: _ . _
> faster s flexible tree structures — arbitrarily extendable

> Industrial J ?
sthemet . 1.-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-. |- 1 .l..l..l..l.l-
> more ﬂeleIe BB I I B B Bt B B H B BB
to wire
o on ,l_,l,lll Ellllllll! !!"!!I.
> easier to EE H BN T B H B R
configure

> lower cost ' 'r
» easier to
implement

» well proven

> safety
> redundancy Cable: Standard CAT5 Cable

without “Crossover”

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



EtherCAT is:

> faster

> Industrial
Ethernet

w1z yrnae EtherCAT instead of PCI

# Protection of your investment:

v

> more flexible
to wire

i

> easier to
configure

> lower cost

> easier to
implement

» well proven
» open

> safety

» redundancy

> versatile

E']

« Seamless integration of
existing fieldbus devices

* Process image update-time
via PCI (500 Bytes input
and output data each): 400us

* Process image update-time
via EtherCAT (1500 Bytes
input and output data): 150us

\l

CRN .
= LHNOpEN

—ICANopen

03/06/2008 EtherCAT: Ethernet Control Automation Technology



w1z yrnae EtherCAT instead of PCI

EtherCAT is: .
> faster S No Slots in Control System

(IPC or SPS) required any more
* Nevertheless maximum expandability

> Industrial
Ethernet J

> more flexible
to wire

> easier to
configure

> lower cost

G

> easier to
implement

R

» well proven

» open

> safety
» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



2127 ¢y raae EtherCAT instead of PCI

EtherCAT is:

> faster

> Industrial
Ethernet

v
v

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven
» open

> safety

» redundancy

> versatile

03/06/2008

* No Slots in Control System
(IPC or SPS) required any more

* Nevertheless maximum expandability

ik FEEE EIEETIER
— CVSEI o L
., B - TE TN
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¥ 0 ’ bl A
] H Lo

)
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EtherCAT i - T
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EtherCAT is:

» faster /

> Industrial
Ethernet J

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven
» open

> safety

» redundancy

> versatile

=i12( ¢y e EtherCAT is easier to configure

Addressing:
 No manual address setting required
» Addresses can be assigned automatically

» Addresses can be kept — no new addressing if
nodes are added

03/06/2008 EtherCAT: Ethernet Control Automation Technology



=i12( ¢y e EtherCAT is easier to configure

EtherCAT is:

» faster / TOpOIOQy:
- paustiel -« Automatic topology target/actual comparison
> more flexible Diagnosis-
to wire )
> easier to  Diagnosis with exact localisation
configure
> lower cost Network planning:
» easier to .
implement * Performance independent of:
e — Slave implementation
» open
> safety — Topology (no Switches/Hubs)

» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



=227 ¢y ragg EtherCAT is lower costs

. —
EtherCAT is: J Ethercn'l;‘l-

> faster

> Industrial J Master:

Ethernet no dedicated plug in card (co-processor),
> more flexible on-board Ethernet Port is fine

to wire
> easier to

configure Slave:
> lower cost - low cost Slave Controller
> easier to - FPGA or ASIC

sl - no powerful uC needed
» well proven
> @pEn Infrastructure:
> safety - no Switches/Hubs required B—I—b~~'+|]
» redundancy - Standard Ethernet Cabling |
> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology




21127 ¢y raae EtherCAT Slave Controller Overview

EtherCAT is:
> faster J NEERA M
> Industrial “*:T*‘.'.‘f'.‘.“.?":

Ethernet J N3 ET1200

> more flexible

to wire IP-Cores for
- ESC10: Altera: ET1810
g iiﬁ'f.e;ffe v Attera Cyclone XILINX: ET1820 ET1100
EP1C6
» lower cost J ESC20:
> easier to Alteé: fggone
implement
netX 100
» well proven netX 500
» open
> safety 2004 2005

2006 ; 2007 |, 2008
Q1 Q2 Q3 Q4'Ql Q2 Q3 Q4,Q1 Q2 Q3 Q4,Q1 Q2 Q3

|
|
|
> redundancy Q1 Q2 Q3 Q4

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology
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EtherCAT. ™ EtherCAT Slave Implementation

EtherCAT is: i &
> faster J 3 i
i
> Industrial -
Ethernet / - _i’-"'
> more flexible -
to wire -~ n
-y 4
> easier to a2 ls
configure '

> lower cost J

> easier to
implement

» well proven

» open
> safety EtherCAT Interface for I/O Terminal, ET1200 ASIC
(Beckhoff)

» redundancy

> versatile



e
EtherCAT. EtherCAT Slave Implementation

EtherCAT is: )

> faster J ! ' :

> Industrial J ' > T
Ethernet

> more flexible
to wire

> easier to
configure

> lower cost J

> easier to
implement

» well proven

» open

> safety EtherCAT Interface with ET1100 ASIC
(Beckhoff)

» redundancy

> versatile



EtherCAT. ™ EtherCAT Slave Implementation

EtherCAT is:

> faster J

> Industrial
Ethernet /

> more flexible
to wire

> easier to
configure

> lower cost J

> easier to
implement

» well proven

» open

> safety EtherCAT Interface, NETX 500
(Hilscher)

» redundancy

> versatile




EtherCAT. EtherCAT Slave Implementation

EtherCAT is:

> faster J

> Industrial
Ethernet J

> more flexible
to wire

> easier to
configure

> lower cost J

> easier to
implement

» well proven

» open
> safety EtherCAT Interface Board, Anybus-S
(HMS)

» redundancy

> versatile
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=i12( ¢y rame EtherCAT Slave Controller without Host CPU

EtherCAT is: 4 Groups of 8 binary Signals
> faster v | 8uo | swo | swo| swo |
» Industrial

Ethernet /

. EtherCAT

> more flexible W) e eppllizeidl Slave
' Il

to wire Process Data Service Data UL

> easier to Dual Port Memory non volatile Data
configure

> lower cost J Sync-Manager, FMMU Registers

» easier to
implement Auto-Forwarder with Loop Back

> well proven EtherCAT MAC EtherCAT MAC

> open MI Wil

> safety

» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



=i12( ¢y g EtherCAT Slave Controller with Host CPU

———————————————————

EtherCAT is: Host CPU HTTP, : :
J FTP,... RAM for TCP/IPE
> faster Service and complex i
_ TCP/IP . Applications !
» Industrial J Process Data Data Tl : !
Ethernet = % s o !
> more flexible Application Mapping Ethe;m:
to wire
. Controller
= crciar e / Process Data Mailbox
configure Dual Port Memory non volatile Data
> lower cost J
Sync-Manager, FMMU Registers
» easier to
implement

Auto-Forwarder with Loop Back

» well proven

EtherCAT MAC EtherCAT MAC
> open MII MII

> safety
» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



=121 ¢ 5y EtherCAT Slave Evaluation Kit by Beckhoff

EtherCAT is:
> faster J Slave Controller Board FPGA Debug Interface Power

EtherCAT Programmer for PIC Programm &

Supply
> Industrial
Ethernet /

> more flexible
to wire J

> easier to /

) PDI
configure

. Selector
Basic

Board

> easier to EL9800
implement

> lower cost

-
SR

SPI

» well proven

» open

> safety

» redundancy 8/16bit uC 32 bit

interface .parallel
> versatile interface

03/06/2008 EtherCAT: Ethernet Control Automation Technology

PIC over SPI
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=29y e Slave Evaluation Kit by EBV

EtherCAT is: Overview
> faster J " The DBC2C20 is a Cyclone Il Development Board with several I/O
transceiver for industrial communication purposes. The following
» Industrial v 4 features are integrated:
=themet » EP2C20F484C7
> more flexible " LVDS TFT interface
to wire

= 16Mbyte SDRAM
> ggrfif?r utfe 4 = 1Mbyte SRAM
° = 8Mbyte flash

»lowercost 2x CAN transceiver

sk AT
5| 7| ot || | e T T || 1 S

> easier to = 4x RS485 transceiver
implement = 2x 12 pin connector If

> well proven » 16bit 24V 1/O interface ]

> open = 8x User LEDs 4

= 2 digit seven segment display
= on board 3.3V / 1.2V power supply

> safety
» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



T ——
227« y raa Slave Evaluation Kit by Hilscher

EtherCAT is: netX 100 Starter Board Overview
» faster

> Industrial - ¢ = NXSB100 Board
Ethernet )
» FtherCAT Slave Evaluation Plattform

> more flexible with/for NetX100
to wire = The most economical way of familiarizing oneself
> easier to with the software development of the netX.
configure = 4 MByte of Flash and 8 MByte SDRAM.

> lower cost ‘/ = A RS232C, a USB and a JTAG interface
are available for loading and debugging.

= Two EtherCAT Ports, a PROFIBUS and a
DeviceNet interface are available for

» well proven communication. The Dual-port-memory that can

also be configured as extension bus or general

|/Os are output on a pin strip

> easier to
implement

» open
> safety
» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



211249y rae Microcontroller Requirements (Slave Host CPU)

EtherCAT is:
» faster J _ _ _
S Industria v « Simple (I1/0) Devices do not require a uC at all
Ethernet » Tasks of uC in more complex devices:
> more flexible — Process data — Exchange with the application
© V\T're — Object Dictionary Handling
>§§§:$grl}?e v — Handling of Application Parameter
- V4 (Communication Parameter are handled by ESC)
ower cost
S onc — TCP/IP Stack Handling — if required
easier to _ . .
implement » WC-Performance is determined by Device
PRl et Application, not by EtherCAT Communication
> open - In many cases an 8bit uC is sufficient
> safety

» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



EtherCAT is:

> faster

> Industrial
Ethernet

> more flexible
to wire

> easier to
configure

> lower cost

v

v

v

> easier to
implement

» well proven
» open

> safety

» redundancy

> versatile

Master:

2127 ¢y e EtherCAT is easier to implement

» Master Sample Code (Source)

« EtherCAT configuration tool

Device

Description
(XML)

« XML Data formats

Control Task

System
Configuration
Tool

Process
Image
Description
(XML)

Network

Description |
incl. Boot-Up
(XML)

HDR | Process Data |

EtherCAT Master

1L

Standard Ethernet MAC

03/06/2008 EtherCAT: Ethernet Control Automation Technology



EtherCAT is:

> faster

> Industrial
Ethernet

> more flexible
to wire

> easier to
configure

> lower cost

v
v

v

> easier to
implement

» well proven
» open

> safety

» redundancy

> versatile

T ——
2127 ¢y e EtherCAT is easier to implement

Example: Master with just one process image:
* typical e.g. for small controllers with one control task

« up to 1488 Byte Process data size

» Header for Process Data Communication remains constant

Ethernet Header ECAT EtherCAT Telegram Ethernet
DA | SA | Type | fame | EercAl Data 5| Pad. | FCS
(6) (6) @) @) (10) (0....1486) @ 0.32) (@)
\_ N /LVJK J
N N Y
constant Header completely sorted (mapped) Working Padding Bytes and
process data Counter:  CRC generated by
constant  Ethernet Controller
(MAC)

Master can be implemented with minimal effort

No separate communication processor required (e.g. on plug-in card)
Much simpler that legacy fieldbus systems

Very much simpler than competing Industrial Ethernet approaches...

03/06/2008 EtherCAT: Ethernet Control Automation Technology



2127 ¢y e Master Implementations: RTOS

EtherCAT is: Selection of Real Time Operating Systems

> faster J  used with EtherCAT Masters: | o

> Industrial V4 * eCos L—,’U _i_,f‘r:_’_ cloyyysXP w VxWorks
Ethernet e InNTime e =rnbeddadd GNX SOFTWARE SYSTEMS @

WIND RIVER

> more flexible * Proconos OS

to wire  Real Time Java
;.a—‘..«

> easier to

configure « RT Kernel code avalilable
RT Linux

> lower cost J

L/nux

Adeos

> easier to « RTXC Quadros % 43

implement e QNX t@)
> well proven * VXxWin + CeWin g@

« VxWorks AW =

> . Wincows CF

ad « Windows CE o 2
- saiely + Windows XP/XPE with Codesys-SP Quadr
 EEIeLE)  Windows XP/XPE/with TwinCAT RT-Extension S .
> versatile « XENOMAI Linux V%Wi” g;’L.elllill CoDeSys * As of Feb 2008

03/06/2008 EtherCAT: Ethernet Control Automation Technology




2i12( ¢y rnme EtherCAT is well proven

EtherCAT is: * in series production since 2003

> faster 4 * more nodes shipped than
PROFINET, Powerlink V 2
and SERCOS Il alltogether...

> Industrial
Ethernet /

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven

» open
> safety
» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology



=120 ¢y rame EtherCAT Architecture + Device Profiles

EtherCAT is:

> faster

> Industrial
Ethernet

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven

NENE N

» open

> safety
» redundancy

> versatile

EtherCAT Device

Fgﬁof@f;?’ HTTP, FTP,. The Device Application The
SERCOS* CANopen
I I Standard I Standard
TCcP||upDP IDN Object Dictionary Process Data

File Access

|
I= Service Channel SDO PDO
AT
Map-

EN 50325-4
Ethernet IEC 61800-‘7-204 ping MDT

IFoE

IEC 61800-7-201
IEC 61800-7-304 IEC 61800-7-301
IEoE ISOE

ICOE

ICO E/SoE

Mailbox Process Data

EtherCAT Slave Controller

TV

Ethernet Physical Layer <

*SERCOS interface™ is a trademark by Sl e.V.
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=iz 5y e Typical EtherCAT Device Architecture

EtherCAT is: ————— EtherCAT Device
| :
> faster " 4 . | I;ev]:_clze
| PR roftie
_ : HTTP, FTP,... |l Application o
> Industrial V4 optional |f , Definitions
Ethernet | I
| TR
> more flexible / I :
to wire I I _
I TCP|| UDP : Objects Cyclic
» easier to Synchronous
| .
configure J I IP : éj%?ﬂ;?:;;sn Communication
| il (Explicit (Implicit
> lower cost J : Ethernet L Addressing) Addressing)
> easier to J :_ EoE | ICoE ICoE
implement =—==—==—
Mailbox Process Data
> well proven J
EtherCAT Slave Controller
» open
> safety Pua Ethernet Physical Layer Pl

» redundancy

> versatile
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EtherCAT.

EtherCAT is:

> faster

> Industrial
Ethernet

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven

NENE N

» open

> safety
» redundancy

> versatile

03/06/2008

EtherCAT in IEC 61800:

Electrical power drive systems

IEC 61800-7-1: Interface Definition

Annex A:
Mapping to
DS402

Annex B:
Mapping to
CIP

Annex C:
Mapping to
PROFIdrive

Annex D:

Mapping to
SERCOS

IEC 61800-7-2: Profile Specifications
¥ ¥

¥
Annex A: Annex B: Annex C: Annex D:
Profile Profile Profile Profile
DS402 CIP PROFIdrive SERCOS

N\

\

VA

VA

\ \ VA VA
IEC 61800-7-3: Mapping of profiles to network technologies
X

Annex A

Mapping tg Mapping to | Mapping to
EtherCAT EPL

CANopen

Annex D

Mapping to| Mapping to| Mapping to
SERCOS I/lI|SERCOS Illf EtherCAT

EtherCAT: Ethernet Control Automation Technology




21121 ¢y e EtherCAT is an open technology

EtherCAT is: —v
we  « EtherCAT.
> Industrial g Technology Group

. oty e Foundation: November 2003
more r1iexiole
to wire » Tasks: Support, Advancement and Promotion of EtherCAT

> easier to J ° The worlds largest organization dedicated to Industrial

SO Ethernet

» lower cost « more than 725* member companies from

> easier to v 4 41 countries in 6 continents:

implement _
— Device Manufacturers
» well proven J
— End Users
» open
— Technology-Provider
y— echnology-Providers

> redundancy  Membership is open to everybody

» versatile -as of April 2008

03/06/2008 EtherCAT: Ethernet Control Automation Technology



e
EtherCAT Technology Group
EtherCAT. ™ Membership Development

EtherCAT is: As of April 15, 2008: 733 Members
» faster J

> Industrial /

700
Ethernet

> more flexible

600
, ~ Nov06-NovO07:
to wire

+ 230, + 57%
> easier to

configure

> lower cost J

> easier to
implement J

> well proven J

» open

~500

400
357

~300

~200

100

(a2}
> safety 2
@)
P

Aug 04
Nov 04
Feb 05

Mai 04
Mai 05

» redundancy

Aug 05
Nov 05

Feb 06

Mai 06
Aug 06
Nov 06

> versatile

Feb 07
Mai 07
Aug 07
Nov 07
Feb 08

03/06/2008

EtherCAT: Ethernet Control Automation Technology




.
2112 ¢y raml Members from 41 Countries, 6 Continents

EtherCAT iS: = - -
» faster J @ I
Australia Austria Belarus Belgium Brazil Canada China
» Industrial / D —
Ethernet -3::- f
" ——
» more flexible J Croatia Czech Rep Denmark Finland France Germany Greece
to wire
Y g >
R CIREC
configure . W
Hungary India Israel Italy Japan Korea Liechtenstein
> lower cost J
R L 1] ==
Implement Netherlands Norway Poland Portugal Romania Russia Serbia
> well proven J o
> open
Singapore Slovakia Slovenia South Africa Spain Sweden Switzerland
> safety
> versatile Taiwan Thailand Turkey Ukraine United Kingdom USA
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=izl yremm ETG: Active Members

EtherCAT is: * Much more important than membership figures: how many are
> faster v active, how many implement the technology?

> Industrial J April 2008: More than 550 Implementation Kits sold to ETG
Ethernet Members (28% Master, 72% Slaves), plus there are Open
> more flexible / Core masters!

o
o . SPS/IPC/Drives 2008: 54 Vendors with over 150 different
» easier to ¥  EtherCAT Devices at ETG booth

configure
— among those 25 drives
and 20 different e
Masters in function,
J using 10 different
operating systems

> lower cost J

> easier to
implement J

» well proven

» open

> safety

» redundancy

> versatile
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20121 ¢y e EtherCAT is an open technology

EtherCAT is:  Protocol is disclosed completely:
» faster J
>industial g  EtherCAT is IEC and ISO Standard
Ethernet (IEC 61158, IEC 61784-2, ISO 15745-4)
> morg flexible /
to wire I EC Commission Electrntechnllque lnternlatinnale
> easier to 4 Ml Newiirisrouion Snesmotes e s
configure
rlowercost Slave Controller from several sources available
>§asier to J
implement » Slave Controller provides interoperability
» well proven J

 Master Stacks for various RTOS available

» open

> safety
» redundancy

> versatile
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22 ¢y e Safety over EtherCAT: Features

EtherCAT is: / * Fully integrated solution:
> faster . . .
o safe and standard communication in one channel
naustria . . .
ememet ¥« Reduction of fieldbuses and interfaces
- more flexible s« Central configuration, diagnosis and maintenance
O wire .
reaserte for safe and ,unsafe’ I/O in one Tool
configure » Safety application makes full use of EtherCAT
> lower cost J advantages:
> easier to J v" Short reaction times
implement .
7 v Almost unlimited no. of nodes
> well proven v’ Large network extensions
» open J

v Cable redundancy options
Zeaiely v" High Flexibility with Hot Connect

» redundancy

> versatile
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2=y e Safety over EtherCAT: Technology Approach

EtherCAT is:

> faster

> Industrial
Ethernet

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven

» open

Safety
application

Safety
protocol

Standard
application

Standard
application

Safety

application

Safety
Protocol

EtherCAT
protocol

EtherCAT
protocol

CASNS S S RS

> safety

over

Safety
} EtherCAT

}EtherCAT

» redundancy

> versatile

EtherCAT acts as a real ,black channel’
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=iz ey e Safety over EtherCAT: Implementations

EtherCAT is: » Decentralized Safety Logic
> faster v« Works with Standard PLC
- pausriel 7« PLC simply organizes data exchange §
to wire » 4] b 1 E B EH BB ER R B R HEH HH H B E
> easier to / E é\ Safety inputs ®
configure 5 o
g ﬁ;:::rfgnt J St?DnLcé:ard O0G .r
» well proven J R
> open J Safety H H E / >
> safety outputs | S
> redundancy Safety outputs \‘ S
» versatile & safety logic S
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2121 'y e Without Redundancy: Normal Operation

© © ©

» well proven

EtherCAT is: Master
> faster v RX Unit| [ TX Unit
> Industrial
Ethernet J RAX X
> more flexible
to wire J MAC 1
> easier to / RX|[| TX
configure 4
> lower cost J ‘
> easier to
implement J

> open Slave 1 Slave M-1 Slave N
> safety > RX[ | TX—»RX_|TX » RX X
> redundancy " e AL

. et TX | RX[* TX[_| RX|*® X RX
> versatile
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227 ¢y maae Without Redundancy: Cable Failure

EtherCAT is: Master

> faster RX Unit TX Unit
RX X

> Industrial
Ethernet

> more flexible
to wire

MAC 1
RX|[| TX

> easier to
configure

> lower cost

> easier to
implement

© © ® ®

Slave 1 Slave M-1 Slave M+1 Slave N
> safety P RX[ | TX == RX[| T X e et RX[ | TX |[==>| RX[ ] TX

» redundancy e l

=t TX[_|RX[* TX[IRX TXL ] RX|*— TX[_IRX

» well proven

» open

NN N N SR NN

> versatile
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211124 ¢y e Without Redundancy: Node Failure

EtherCAT is: Master

> faster RX Unit TX Unit
RX X

> Industrial
Ethernet

> more flexible
to wire

MAC 1
RX|[| TX

> easier to
configure

> lower cost

> easier to
implement

© © ® ®

Slave 1 Slave M-1 Slave M+1 Slave N

P RX[_| TX RX[] TXp=—— RXL_| TXp—— RX[ | TX RX[]TX

» redundancy e ‘ 1
et TX | RX = TX[_| RX}== TX|_| RX}= TX[_|RX

» well proven

» open

NN N N SR NN

> safety

1
1

TXLIRX

|

> versatile
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e
2z ey e With Redundancy: Normal Operation

EtherCAT is: Master
> faster v RX Unit] [TX Unit
> Industrial Only 2nd

Ethltja?nclaa’: 4 R‘_X TX Ethernet Port

required — no

» more flexible / % speoial

to wire MAC 1 MAC 2 - Interface Card
> easier to / RX|[| TX RX|| TX T

configure 4 A
> lower cost J
> easier to

implement J
» well proven J @ @ @
> open q/ Slave 1 Slave M-1 Slave N
> safety v | LR X [RXTX o RXE TXH
» redundancy "

. = TX[ ] RX[* TX|RX| < TX[1RX|<—

> versatile
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=iz ¢y e With Redundancy: Cable Failure

EtherCAT is: Master
> faster RX Unit TX Unit
RX X

> Industrial
Ethernet

> more flexible
to wire

MAC 1 MAC

RX|| TX| [|RX]|TX
3 3

> easier to
configure

> lower cost

> easier to
implement

© © © ©

Slave 1 Slave M-1 Slave M+1 Slave N

=> RX[_| TXF=>| RX[_] TX= st RX[ | TX = RX[__| TX}

» redundancy e ‘ 1
= TX[|RX[*— TX[IRX TX[RX[*| TX[_] RX[*—

» well proven

» open

NN N N SR NN

> safety

> versatile
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=212 ¢ 5y e With Redundancy: Node Failure

EtherCAT is: Master
> faster RX Unit TX Unit
RX X

> Industrial
Ethernet

> more flexible
to wire

MAC 1 MAC

RX|| TX| [|RX]|TX
3 3

> easier to
configure

> lower cost

> easier to
implement

© © © ©

Slave 1 Slave M-1 Slave M+1 Slave N

= RX[_| TXp=>{ RX[_] TX=— RX[_| TX—— RX[_| TX RX[] TX|[~

» redundancy e ‘ 1
et TX [ RX[* TX[] RX}== TX[_| RX}=—— TX[__|RX

» well proven

» open

NN N N SR NN

> safety

1

] :

TXL_| RX|*—

> versatile
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201219y raml EtherCAT: High availability

EtherCAT is:

> faster

* Master redundancy with Hot-Stand-By

> Industrial
Ethernet

> more flexible
to wire

 Cabling redundancy

> easier to
configure

* Hot Swap of devices

> lower cost

> easier to
implement

» Hot-Connect of network segments

» well proven

» open

NN N N SR NN

> safety

» redundancy

> versatile
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EtherCAT.

EtherCAT is:

> faster

> Industrial
Ethernet

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven
» open
> safety

» redundancy

NN N N N

> versatile

03/06/2008

EtherCAT Application Fields, or:
Why do Companies chose EtherCAT?

High Performance

EtherCAT is the fastest Industrial Ethernet Technology
Flexible Topology

Benefit not only for widely distributed applications
Ease of Use

Easy configuration and maintenance
Low Cost

Inexpensive implementation + Infrastructure

Functional Safety

Safety communication integrated

EtherCAT: Ethernet Control Automation Technology



EtherCAT is:

> faster

> Industrial
Ethernet

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven
» open
> safety

» redundancy

NN N N N

> versatile

=12 ¢y el Decisive Factors: Performance

EtherCAT is the fastest Industrial Ethernet Technology

The need for speed.:
Everything that is high end motion control

7\ 1 |
For example *g!w
e AR 19

* Robotics

* Hydraulic / Electric Presses | = ggies < “"__:_"'* o
 Machine Tool Applications
« CNC functionality

* Printing

« Woodworking machines
 Packaging Machines

* Injection Molding
« Any measurement application
* Any closed loop control
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=12 ¢y el Decisive Factors: Performance

EtherCAT is: Example: Hydraulic Presses
> faster / Dieffenbacher: Presses and more
> Industrial

Ethernet

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven
> open s e
> safety

» redundancy

» versatile _Eggg ? ; =T |
11 : "
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=i12( ¢y e Decisive Factors: Performance _

BMW Res8ach, 3 Iqu{/atlon 6ent‘ér
MumCh Germarl}/__. T

EtherCAT is: Example: Test Bed Application
BMW AG: Engine Test Bed

ﬁ

> faster

> Industrial
Ethernet

> more flexible
to wire

> easier to n

configure
> lower cost

> easier to
implement

» well proven
» open
> safety

NN N N N

":_.-"f-'_l.
-

.‘ .--‘ _.-_ N e r -'. = B ]
..’ _ L i Gl .1.'__ ‘_,.i.‘ -
ey . ' : P =5
> versatile ' N ‘-‘f: R
Photos: BMW AG
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=12 ¢y el Decisive Factors: Performance

EtherCAT is: Example: Printing Systems
> faster

> Industrial
Ethernet

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven

» open

> safety

NN N N N

» redundancy

> versatile
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=12 ¢y el Decisive Factors: Performance

EtherCAT is: Example: Machines with CNC functionality
> faster Laserplus Oy: Welding Transfer line for steel sandwich-plates

R _
R — = -
— _: = 4 . l F o

> Industrial
Ethernet

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven
» open
> safety

NN N N N

» redundancy

> versatile
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=12 ¢y el Decisive Factors: Performance

EtherCAT is: Example: Woodworking Machines
Nobilia Werke Kitchen Productlon

> faster

> Industrial
Ethernet

> more flexible
to wire

| .
1l
— il -
1 | -
KL i '
| | g
HERE I
LR | 2
| i

> easier to
configure

> lower cost

> easier to
implement

» well proven

» open

> safety

NN N N N

» redundancy

i
:
!

> versatile
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=12 ¢y el Decisive Factors: Performance

EtherCAT is: Example: Packaging Machines
Radiator Specialty, (NC), USA: Filling and Packaging Line

> faster

> Industrial
Ethernet

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven
» open
> safety

NN N N N

» redundancy

> versatile
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=12 ¢y el Decisive Factors: Performance

EtherCAT is: Example: Postpress Processing Machine

> faster v Ferag, Switzerland:
Flexible, modular strapplng without bundle turnlng (SmartStrap)

> Industrial
Ethernet

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven
» open
> safety

N N N S NN

» redundancy

> versatile
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=12 ¢y el Decisive Factors: Performance

EtherCAT is: Example: Injection Molding
Husky (Canada): HyPAC

> faster

> Industrial
Ethernet

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven
» open
> safety

NN N N N

» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology




=12 ¢y el Decisive Factors: Performance

Example: Measurement Application:
EtherCAT is: Airbus Testrack for High-Lift-System

> faster v Ingenieurgesellschaft IgH: High Lift Slat Flap Testrig (HLSTR)

> Industrial
Ethernet /

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven
» open
> safety

S NLNE N N N NN

» redundancy

> versatile

03/06/2008 EtherCAT: Ethernet Control Automation Technology




e
=124 ¢ vy Decisive Factors: Topology

EtherCAT is: Example: Bridge absorption system

> faster Dubrovnik (Croatia): Absorption of vibrations

> Industrial
Ethernet

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven
» open
> safety

NN N N N

» redundancy

> versatile
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=124 ¢ vy Decisive Factors: Topology

EtherCAT is: Example: Snow Blower Control

Berchtold, Austria:
Systems of up to 1000 snow makers

> faster

> Industrial
Ethernet

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven
» open
> safety

NN N N N

» redundancy

> versatile
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=127 ¢y e Decisive Factors: Ease of Use

EtherCAT is: EtherCAT is easier to use:
> faster

> Industrial * No Hassle with Address Switches

Ethernet ] ]
 No Bandwidth or performance issues,

no network tuning

> more flexible
to wire

> easier to

configure « Simple Configuration

> lower cost  Meaningful Diagnosis Information

> easier to
implement

» well proven
» open
> safety

NN N N N

» redundancy

> versatile
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=iz« vy e Decisive Factors: Ease of Use

EtherCAT is: Example: Mat Welding Machine
> faster Progress, Italy
» Industrial

Ethernet

il

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
implement

» well proven
» open
> safety

NN N N N

» redundancy

> versatile
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=iz« vy e Decisive Factors: Ease of Use

EtherCAT is: Example: Coil Wire
Processing Machine

Progress, ltaly

> faster

> Industrial
Ethernet

> more flexible
to wire

> easier to
configure

> lower cost

> easier to
img .

Progress
Eﬂm
ESR 16

» open

s RN

> safety

4\

» redundancy

> versatile
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EtherCAT is: Example: Edge Banding Machine
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EtherCAT is: Example: Tire Testing System
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20219y pame That's EtherCAT!

EtherCAT is:

> faster

www.ethercat.org
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Martin Rostan
EtherCAT Technology Group
Ostendstr. 196
90482 Nuremberg, Germany
Phone. +49 911 54056-20, Fax -29
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03/06/2008 EtherCAT: Ethernet Control Automation Technology

» open
> safety

» redundancy

SN N O N N



