EC ™ Master

EC ™ Engineer
EC ™ Engineer\/Veb

EC «» Simulator

Software and Tools for
EtherCAT® Master Controller Development

acontis
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EtherCAT Software Solutions for Machine

Builder Controller

Machine Builders

| « Motion Control, CNC, Material Handling
« Surgical Robotics, Simulators
« Test benches, Semiconductor tooling

EC = Master

Machine + Controller with

EC «Engineer
EC < Simulator

abgf;};; V1.7 5/24 2



Machine Builder Controller

Development Life Cycle

Phase Task

Software

«Integration of EtherCAT Master
Development

System Engineering « EtherCAT Network Configuration
Design/Planning « Define topology and device features

» Test extended scenarios, e.g., simulate topology changes
«Simulate slave and network errors, simulate huge networks

Virtual  EtherCAT real-time network/slave simulation
Commissioning « Test and validate application software based on digital twin

C - « Monitor and force process data, change slave parameters
L « Analyze communication problems

Service and * Provide firmware updates for devices

Maintenance « Diagnosis and network condition monitoring

il (0

Al » n .
bgat P V1.7 5/24

Product

EC = Master
EC ¢ Engineer
EC = Simulator

EC = Simulator
EC «»Engineer

EC ™ Engineer



EtherCAT Software Solutions for

EC > Master

Automation Controller Manufacturers

Automation Controller Manufacturers

« Programmable Logic/Automation Controller (PLC/PAC)
« Motion Controllers (MC), Measurement Controllers
« HMI with controller

EC = Master

EtherCAT Master Stack
Development Kit

Automation Controller
with

EtherCAT Master Library >

EC «»Engineer Engineering Suite

EtherCAT Configuration Tool with

Development Kit EtherCAT Tool Library
aconti
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Automation Controller Manufacturers

Development Life Cycle

Phase Task Product
Software
Development - Integrate Master Stack ECﬁManef
Controller
SOIWEIES Integrate OEM Editi f EtherCAT Confi ti d
*Integrate ition o er onfiguration an .
Deyelopment Diagnosis Tool into OEM development environment Ec("Engm%?Af
Engineering Tool
*Integrate Network Simulation software to create a machine .
simulation environment for virtual commissioning/digital twin ECﬁSlmU/ator
Quality » Test extended scenarios, e.g., simulate topology changes EC i ’S Jat
Assurance «Simulate devices and network errors, simulate huge networks imuiator
End Customer « Investigate end customer issues, monitor network condition EC”Eng,'neer
Support « Supply software updates OEM

aconti
hﬂ};i V1.7 5/24 5



EtherCAT System Architecture

[Customer Application}

N
B
|

EtherCAT Slave
Information (ESI) Files

EtherCAT Network Information (ENI) File

Slaves
A

. EtherCAT =

Shontly

V1.7 5/24




EC-Master Software Architecture

Customer Application (C/C++)

XML
Parser

Mailbox Services
CoE, FoE, EoE, ...

Process data memory
Inputs and Outputs

EtherCAT Network
Information (ENI)
File

EtherCAT Master Stack Core

CPU Standard Ethernet
MAC
RAM FLASH

abg&%; V1.7 5/24 7




EC-Master Architecture on Linux

Architecture 1: Linux Network Driver Architecture 2: acontis Real-time Ethernet Driver

EtherCAT Application EtherCAT Application

AN S

) \ Module
Linux Network Stack
atemsys

User Space
User Space

b
"

Kernel functions Kernel functions

Native Ethernet
Driver

Standard Ethernet
MAC

Standard Ethernet
MAC

abgnh,)t;; V1.7 5/24 8


https://www.acontis.com/en/ethercat-master-linux.html

EC-Master Architecture on Windows (1)

Solution 1 Off-the-Shelf & 2 CPU Isolation

Architecture 1: Off-the-shelf
with acontis NDIS Filter Driver
No reliable cycle time: >= 4 ms

Customer Application C/C++

NDIS 6.x Filter Module
EcatNdis.sys

NDIS 6.x Miniport
Ethernet Adapter

User Space

Windows
functions

More Information: https://www.acontis.com/en/ethercat-master-linux.html

V1.7 5/24

Architecture 2: CPU Isolation
with acontis RtaccWin
Guaranteed cycle time: >= 1 ms

' N
Customer Application = One Process

[ Non-Real-time Threads W [ Real-time Threads ‘

Windows User Space

RtaccDevice.sys
Windows

functions RtaccTimer.sys

CPU 1,23
o o

EtherCAT


https://www.acontis.com/en/ethercat-master-linux.html

EC-Master Architecture on Windows (2)

Solution 3: Full Isolation, based on Hypervisor

Architecture 3: Hypervisor with hardware separation, enabling RT-Linux & Windows on one computer

Split real-time and non-real-time part
Controller App and Master stack run in Real-time Environment with up to 10kHz Cycle

Customer Application Customer Application

S Non-Real-timg{Part Real-time Part
S Communication Subsystem

TCP/IP, Shared Memory, Events

Windows User

EtherCAT Master Core

3
.
Fys Ry
. (e

Real-time |- .

‘ ' E OS Adaptation Ethernet Drv ateag
Windows functions . :
n [ P A -

Windows
Kernel

Standard =
RAM DISK MAC

Hardware Isolation

ac nt:l.i‘
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EC-Master

Out of the box for many Platforms
é

\

OS Abstraction Ethernet Controllers

Linux& %z BlackBerry. Intel Pro/1000 Xilinx GEM
r e @ Realtek Gigabit MU
P FEC, eTSEC
Hiﬂ@ik NAl @RTOSI SvlixOS: e
VXWO r S IX . Itara
C/0S y Renesas RZ Family CPSW. 1CSS-PRU
I'IIRTOS and Stacks
TI-RTOS
. 0’ Intel Elkhart Lake SMSC 9218
& o uC3
» and more
INTEGRITY “cmsis - Beckhoff CCAT and more
X86 X64 ARM Aarch64
32-Bit 64-Bit 32-Bit 64-Bit PowerPC

ac ntis
Frbiogio® V1.7 5/24 77


https://public.acontis.com/manuals/EC-Master/3.2/html/supported-nics/index.html
https://www.acontis.com/en/os.html

EC-Master Available for Many Platforms m

ot

5 CPU Architectures >

a g};i V1.7 5/24 2




EC-Master Building Blocks

Class B Core Class A Core
« Compare network configuration « All Class B Features
» Cyclic process data exchange « Distributed Clocks with
 Slave to slave communication master synchronization

» Mailbox protocols CoE, SoE
Mailbox protocols EoE, FoE
Mailbox protocols AoE, VoE

Feature Packs = Options

Cable Redundancy, Hot Connect, Superset ENI,
External Synchronization, EoE Gateway, Master Redundancy, ...

abg{}};i V1.7 5/24 13



EC-Master broad CPU support

EC > Master

© BROADCOM'

BCM2711 - Raspberry Pi 4 (Cortex-A72)

(infineon

XMC4800 (Cortex M4)

LENESAS

RIN32,

RZ-T, RZ-N,

RZ-G (Cortex-A55)
RZ-A (Cortex-A9)

intel)

Core-i

Atom

Atom® x6000E (Elkhart Lake)
Altera Cyclone V

Celeron, Xeon

v

Rackchip
Ak T

RK3328 (Quad Cortex A53)
RK3399 (Dual Cortex-A72)
RK3588s (Quad Cortex-A76)
RK3568 (Quad Cortex-A55)

‘ 'I life.augmented

STM32MP1 (Dual Cortex-A7)
STM32H7 (Cortex M7)

\al

@ NVIDIA | Jetson TX2 (Quad Cortex-A57) STM32F769 (Cortex M7)

I.MX6 (Cortex-A9) Sitara AM335x (Cortex-A8)

LMX7 (Cortex-A7), iMX RT1064 (Cortex M7) i Sitara AM437x (Cortex-A9)

1.MX8 (Cortex-A53) b TEXAS Sitara AM57xx (Dual Cortex-A15)

Layerscape 1021A lNSTRUMENTS Sitara AM64x (Dual Cortex-A53)

3%235??65 Quice Jacinto TDA4VM (Dual Cortex A72 / Quad Cortex R5F)
ower
. ® Zync-7000 (Dual Cortex-A9)

QUCI'CON\M QRB5165 with Kryo 585 CPU (Octo Cortex-A77) XXlLlNX Zynq Ultrascale+ (Quad Cortex-AS3)
n 74

X h[im;ie

V1.7 5/24




Hardware Requirements

32 Bit or 64 Bit CPU

Footprint
ROM (FLASH or DISK): Between 400 and 900 Kbyte

RAM: Starting with 300 Kbyte up to several Megabyte.
Highly depending on the number and type of slaves!

Second Ethernet Controller for
TCP/IP

TCP/IP

Dedicated Ethernet Controller for EtherCAT

1000
] v 101

Al

aconti
hﬁila V1.7 5/24
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Key benefits EC =) Master

* Out-of-the-box for the most popular operating systems
= Get it running on your system in one day!

- Reliable and robust implementation
= Field proven in several 100000 systems per year!

+ Sophisticated diagnosis functions
= Detect state change problems and frame loss errors easily
= More than 300 different error codes

- High performance and hard real-time
= Low CPU load due to acontis real-time Ethernet drivers

- Easy to integrate
= Various example applications and comprehensive user manuals

acontis
S V1.7 5/24 16



Additional information

» EC-Master Operating Systems and Real-time Ethernet Drivers
https://www.acontis.com/en/os.html

« EC-Master user manual and quick start guide
https.//developer.acontis.com/ec-master

« Request for EC-Master feature pack slides
+ Request for EC-Master technical details slides

* Request for evaluation software
https://www.acontis.com/en/ethercat-support-eval-request.html

aconti
e V1.7 5/24 17


https://www.acontis.com/en/os.html
https://developer.acontis.com/ec-master
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EC ¢ Engineer

EtherCAT Configuration and Diagnosis Tool

‘,‘"; ntis
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EtherCAT System Architecture

N
E <:| EtherCAT Slave

szzzsaszasams “™| Information (ESI) Files

RAS Client (TCP)

Windows

Online Functions

il \ EtherCAT Network Information (ENI) File

Customer
Application

RAS Server o

(TCP) TCP/IP

(10001
o v [THHHH]

OS Ethernet EtherCAT.
Abstraction B

aconti V1.7 5/24 79




EC ¢ Engineer

Operating Modes

Offline Configuration:
(In the Office)

1315151
EtherCAT l] I] |] l]

Online Configuration:
Slaves connected to
Engineering System

HHH
e evwst [ [

Remote Configuration:
Slaves connected to
Target System

1000
] oo

Remote Diagnosis:
Slaves connected to
Target System

stgntis



e e e
. . . . EC ¢»Engineer
Build a configuration in less steps

= EC-Engineer [-] - O X

Eile  View Network Settings Help

& ExportENI . Export EXI Diagnosis Mode

Project Explorer Device Editor
¥ L Class-A Master “ || General |Modules | PDO Mapping || Variables | Advanced Options || Init Commands || CoE Object-Dictionary || Sync Units | Motion

~ B Slave 1001 [EK1100] (1007)
Address
™ Slave_1002 [EL2008] (1002) )
Station Address
™ Slave_1003 [EL2008] (1003)
§ Slave_1004 [EL1014] (1004) Information
™ Slave 1005 [E12004] (1005) Name [ Stave_1012 [viPa 053-1ECOD) = EC-Engineer |-] - o=
i siave_1006 [L1032] (1006) Description VIPA 053-1ECO0 EtherCAT Fieldbus coupler (MDP) Elle Miew MNetwork Settings Help
Il Slave_1007 [EL1018] (100 i
I Stave 1007 [EL101] {1007) Vendor VIPA GrbH (040000AFFE) ¢ Configuration Mode [JECRSRNTTV Sy go B8 Dingrosis Made
g P P g
™ Slave_1008 [EL2008] (1008) =
5 Product Cods 0x0531EC00 (87157760)
v " Slave_1009 [EK1122-0080] (1009) rocuct e L b Project Explorer Device Editor
Revision Numbs 0x00000012 (18)
M :Iava_'\mO[EKﬂm-OOSU] (1010) eion Humber 1) - . Class-A Master - General | Modules | PDO Mapping | Variables || Advanced Options | Init Commands | CoE ct-Dictionary || Sync Units | Motion
i Slave 1011 [EL2252] (1011) ESI File Vipa 053-1EC00 MDP.xml « [ Slave_1001 (K1100] (1001) R
u : ign t
i Slave_1012 [EL2612] (1012) \dentification Value @ Not Used B Siave 1002 (EL2008) (1002) ign the modules
M Slave_1013 [E14132] (1013) Porte W Slave 1003 [EL2008] (1003) | 1] 001 : Terminals [022-18D00] (VIPA 022-18D00, Dt + ]l sM 021 - Digital Input Modules ~
" Slave_1014 [EL3162] (1014) - i . i - - i - R
e A ) S O R ED R | Stave 1004 [EL1014] (1004 i 002 : Terminals [021-1BD00] (VIPA 021-1BD00, D i 021-18800 (VIPA 021-1BBO0, DI 2xDC .
Slave_1015 [EL1008] (1015) o - % Slave 1005 (£L2004) (1005) 1l 003 : Terminals [022-1BD00] (VIPA 022-1BC00, D1 i 021-18810 (VIPA D21-1BB10, DI 2xDC |
£ Siave 1016 [EL1054)(1016) I Siave 1006 [EL1034] (1006 1] 004 Terminals [032-18B30] (VIPA 032-18830, AC “ i1l 021-18850 (VIPA 021-1BES0, DI 24DC .
v See o a0 ¢ @ et Comected e 1000t 11009 [ 005 : Terminals [021-1BD00] (VIPA 021-1BD00, D il 021-18870 (VIPA 021-1BBT0, DI 2xDC
W Siave T0re 11201 (010 - O CReits ! S 1007 EL 01611007 1 GUE-T inals [022-1BB70] (VIPA 022 IBE?OID( i 021-18D00 1PA 021 ‘\BDUO' Di4 Dcl
v | 3 Stave 1019 [VIPA 053-1EC00] "l slave 1008 (£L2008] (1008) ¢ Terminals [022-TBE70] (V TR ' 021- v TR e
> W Siave 1020 [FK1122] (1020) . v "} Slave 1008 [EK1122-0080] (1009) 1]l 007 : Terminals [022-1BD00] (VIPA 022-1BD00, D 021-1BD10 {VIPA 021-1BD10, DI 4xDC
< > « B Slave 1010 [EK1101-0080] (1010) [ 008 : Terminals [021-1BD00] (VIPA 021-1BD00, D i 021-18D40 (VIPA 021-1BD40, DI 4xDC
Classic View | Flat View | Topology View | ‘ B Siave 1011 [EL2252] (1011) i 009 : Terminals [021-1BB70] (VIPA 021-18870, DI 021-18D50 (VIPA 021-1BD50, DI 4xDC
B Siove 1072 [EL2612] (1012) B 010: Terminals [--] i 021-18D70 {VIPA 021-1BD70, DI 4xDC
011 : Terminals [-- i 021-18F00 1PA 021-1BFO0, DI 8xDC
formation — B Sjave 1013 [EL4132] (1013) ] erminals -1 [l v .
B Slave 1014 [EL3167] (1014) B 012: Terminals [--] i 021-18F01 (VIPA 021-1BFO1, DI 8DC
Name [ Slave_1019 [vIPa 053-1EC00] 06:57:03 Master state change from ‘It to Pre-Op’ - ) N [
- = il Siave 1075 [EL1008] (1015) B 013 : Terminals [--] i 021-18F50 {VIPA 021-1BF50, DI 8xDC
Description ‘wp,q 053-1ECO0 EtherCAT Fieldbus cou by 06:56:59 Master state change from Unknown’ to ‘Init” - I 014 : Terminals [--] l\I 021-1DF00 (VIPA 021-1DFD0, DI 8xDC
1 lerminals [-- - = J, X
Vendar ‘V\PA GmbH (0x0000AFFE) 9 INF 06:56:58 Master state change from ‘Unknown’ to ‘Init” ﬂ Slave_1016 [EL1094] (1016) I 015 Terminals [] ll SM 022 - Digital Outout Modul
N N - u : lerminais |-- - = Lhg utpul ules
Physical Address | 1019 @ INF 065655 Network scan successiul - 26 slaves found . Slave_1017 [EK1110] (1017) . ! o P
P —— i Slave 1018 [BK1120] (1078) ! 016 : Terminals [--] y ! 022-1BBOO (VIPA 022-18B00, DO 2:DC
Networks: 1 | Slaves: 26 B - (LTSRS P
el it » [ Slave_1019 [VIPA 053-1EC00) { < > < >
» M Slave_1020 [EK1122] (1020) ¥ Additional settings
{ >
[] Download Slet Configuration Load Modules
Classic View | Flat View n Topology View
Information Severity Time Message
Narne | stave_1013 [viPa 053-1EC00]
Description | VIPA 053-1EC00 EtherCAT Fieldbus cou
Vendor | VIPA GmbH (0x0000AFFE)
Physical Address
Al . y [1019
NECCE 4 10
n Netwarks: 1 | Slaves: 26 | State: @ @ | Mode: CONFIG | EXPERT




Comprehensive diagnostic:
Monitor and force process data

# EC-Engineer [--]

File View MNetwork Settings Help

# Configuration Mode | 1#

ject Explorer
~ & Class-A Master <connected>
~ @ Slave_1001 [EKT100] (1001)
@ Slave_1002 [EL2008] (1002)
@ Slave_1003 [EL2008] (1003)
@ Slave_1004 [EL1014] (1004)
@ Slave_1005 [EL2004] (1005)
@ Slave_1006 [EL1024] (1006)
@ Slave_1007 [EL1018] (1007)
@ Slave_1008 [EL2008] (1008)
= @ Slave_1009 [EK1122-0080] (1002)
* @ Slave_1010 [EK1101-0080] (1010)
& Slave_1011 [EL2252] (1011)
@ Slave_1012 [EL2612] (1012)
@ Slave 1013 [EL4132] (1013)
@ Slave_1015 [EL1008] (1015)
@ Slave_1016 [EL1094] (1016)
b @ Slave_1017 [EK1110] (1017)
b @ Slave_1020 [EK1122] (1020)

< >

Classic View | Flat View | Topology View

W% Take Snapshot

®Fun (@ Break

EC ™ Engineer

Variables
Name Datatype Offset ~ Size Value Forced
Slave_1014 [EL3162].Channel 1.5tatus BYTE IN:  157.0(10 |0 [m]
Slave_1014 [EL3162].Channel 1.Value ‘ INT | IN: 158.0 | 20 | 0 | D
Slave_1014 [EL3162).Channel 2.Status BYTE IN: 1600 10 O [m] [k Sefttings Help
Slave_1014 [EL3162]Channel ZValue INT IN: 1610 20 0O m] lde [
Add to watch list fr <connected>
[ [EK1100] (1001)
Chart 1002 [EL2008] (1002)
4 1003 [EL2008] (1003)
N
=] | (1004 [EL1014] (1004)
o F 1005 [EL2004] (1005)
0 50 100 150 200 250 300 150 400 450 1008 [EL1024] (1006)
(i ¥ 1007 [EL1018] (1007)
1008 [EL2008] (1008)
Edit Variable 1009 [EK1122-0080] (1009)
— ] force bve 1010 [EK1101-0080] (1010)

Information
Name | Slave_1014 [EL3162]
Description \ EL3162 2Ch. Ana. Input 0-10V
Vendor ‘ Beckhoff Automation GmbH & Co. KG

Physical Address | 1014

NGECED 1 13

| Autalnc Address |
Networks: 1| Slaves: 26 |

Severity Time Message

1020 [EK1122] (1020)

| State: @ @ | Mode: DIAGNOSIS | EXPERT

<

l Classic View | Flat View]l Topology View

) Slave_1011 [EL2252] (1011)
Slave_1012 [EL2612] (1012)
Slave_1013 [EL4132] (1013)
) Slave_1014 [EL3162] (1014)
) Slave 1015 [EL1008] (1015)
) Slave 1016 [EL1094] (1016)
) Slave 1017 [EK1110] (1017)

(e ¥ Take Snapshot ()

Device Editor

General | Variables || ESC Register | EEPROM | Extended Diagnosis

Values

@ Break

CoE Object-Dictionary | FoE

Export OD  Filter Setting Flag

Single Object

. Index | Name Value Type Flags &
P 0x1011 | Restore default parameter 1 (Ox01) USINT — - (RWRWRW)
P 0x1018  Identity object 4 (0x04) USINT — - --{RORORO)
P 0x1800  TxPDO 001 parameter & (0x06) USINT — - --{RORORO)
P 0x1801 TxPDO 002 parameter £ (006} USINT —----{RORORO)
P 0x1810  TxPDO 017 parameter £ (0x08) USINT - --{RORORO)
P Ox1ADD TxPDO 001 mapping 2 (0x02) USINT —---{RWRORO)
»  Ox1AD1 TxPDO 002 mapping 2 (0x02) USINT - --{RWRORO]
»  Ox1A10 TxPDO 017 mapping 2 (0x02) USINT —---{RWRORO)
F 0x1C00 | SM type 4 (0x04) USINT - --{RORORO)
F  0x1C13 SM 3 PDO assign (inputs) 2 (0x02) USINT —~----{RWRORO)
P 03101 Inputs 2 (0x02) USINT ~T--(RORORO)
Edit Value
Value: 0 E Hex

Information
Name | Stave_1014 [EL3162)
Description | EL3162 2Ch. Ana. Input 0-10V
Vendor

| Beckhoff Automation GmbH & Co. KG

Physical Address | 1014

| Autolnc Address [nueeea s 12
Networks: 1 | Slaves: 26 |

Severity Time Message

State: & &

Mode: DIAGNOSIS | EXPERT




omprehensive diagnostic: EC = Engineer
owerful “Line crossed” detection

# EC-Engineer [--] — O *

| File View Network Settings Help

Configuration Made H Export ENI B8 Diagnosis Mode

Project Explorer

Master |Process Data Image " Variables " Advanced Options " Slave to Slave " Distributed Clocks " Tasks + Sync [4][»]

“* Line Crossed Analyzer - O x

LiSt nf SIavES %
-
In the list you can see all connected slaves. The red ones are incorrectly connected =

JR—— - ~ |

65521 EL1094

65520 EK1110 - -
£5519 BK1120

65515 VIR 053-1EC00

65517 EK1122 I

65516 EK1100
63513 EL2202-0100

B5514 EL2202-0100
65513 EL1114
£5512 EL7031
65511 EL7201 v
Close
00k
Classic View || Flat View | Topology View
Networks: 1 | Slaves: 26 | State: @ @ | Mode: CONFIG | EXPERT
Al .



EtherCAT Configuration Tool EC = Engineer
Software Development Kit (SDK)

EtherCATSuite Ec“EngineO?A{I‘

EC-Engineer Demo
Application cci V:Ttth:APFFc Cgre Den;o . . .
omman . +  SDK for adding EtherCAT configuration
_ i cr Command and diagnosis features to an (existing)
e customer engineering 100
»  Modular architecture offers various levels
~ Corelogic of integration
Diagnosis, Serializer for project file
_ « Available for Windows and Linux
Programming Interface C#
S ) Engine  Graphical User Interface (GUI) based on
Wrapper Library for object oriented access ’ & WPF for WI ndOWS
_ RAS Client G+ * Graphical User Interface (GUI) based on

Web technology for Windows and Linux

aconti
ﬁ@e V1.7 5/24 o4



Example: Integration into PLC programming tool

YASKAWA SPEED7 Studio

Datei Ansicht Sprache Theme Projekt AG Fenster Hilfe

I A H speichem SE [ Aktive Schnittstelle: | Ethemet Schnittstelle & OBy B

[ Projektbaum

€8

- [ Titek Projektmappe SPEED7Studiod
Y Autor: Systemadministrator

v @ SPEED7Studic0l
) Projektubersicht
18} Gerate und Netze
B8 Neues Gerat hinzufiigen ...
» [ Dokumentation
~ [l MyCpu01 [CPU 315-4EC12 315SN/EC]
9 Gerateabersicht
5 Gerateeigenschaften
B> Gerstekonfiguration
» [ PLC Programm
v {3} lokale Baugruppen
B CPU 3154EC12 31SSN/EC [Rack), Slot2]
[ D16:DC24V [Slotd: 321-18H01]
[ DO8xDC24v/2A [Siots: 322-1BF01]
[l Du6xDC24V [Slots: 321-18HO1]
[l pu6xDC24v [Siot7: 321-18H01]
[l Di6xDC24V [Siots: 321-18HO1]
I DI16xDC24V [Siotd: 6ES7 321-18H00-0A4
v {3} dezentrale Peripherie
v {3} DP-Mastersystem(1)
B Neues Gerat hinzufagen ..
{3 Eigenschaften des Bussystems
» [l OP_Stave_001 [SLIO 053-1DP00]
» [l 0P _Stave_002 [SLIO 053-1DP00]
» [l DP_Stave_003 [SLIO 053-1DP00]
» [l DP_Stave_004 SLIO 053-1DP00)
» [l DP_Stave_005 [SLIO 053-1DP00]
» [l DP_Siave_006 [SLIC 053-1DP00)
» [l DP_Siave 007 [SLIC 053-1DP00)
{8} EC-Mastersystem(100)
Neues Gerat hinzufiigen ...
{@ Eigenschaften des Bussystems

» [l ExnvecAT Siave 1 15L10 053-1600] |
» [l EthreCAT Slave 2 [SLIO 053-1EC00)
» [l EthreCAT Slave 3 [SLIO 053-1EC00]
» [l EthreCAT Slave_4 [SLIO 053-1EC00]
» [l EthreCAT Slave 5 [SLIO 053-1EC00]
» [l EthreCAT Slave_7 [SLIO 053-1EC00]
» [l EtherCAT Slave_7 [SUIO 053-1EC00]
» & MyHMIO1 [TP 62E-MDCO 6041C]

2 Aligemein 3 MyHMIOL

& Startseite | 24 Gerate und Netze

Ethernet u

DP_Slave_002
053-1DP00

1003

EC-Mastersystem(100)

Gerat: | EthreCAT Slave_1 | Baugruppentrager: [ su0-Bus

Siot | Baugruppe | Besteliummer | E-Adresse | A-Adresse

0 IM053EC 053-1EC00
1 DisxDC24V  021-1BF00
DO8BXDC24V  022-1BF00
DOBXDC24V  022-1BF00
DO8XDC24V  022-1BF00

EthreCAT Slave 5 EthreCAT Slave 7
053-15C00 053-15C00
16000 1d: 000

E-Adresse (DPR) | A-Adresse (DPR)

SPEED7 Studio - V00.08.001 Rev. 0275

n V1.7 5/24

R Katalog -2 x

Ml Geratevoriagen [ Baugry *

8.

#8 Suchtext eingeben

~ [§@l SYSTEM300
[l cpu 312-58£03 3125C
[l cpu 313-58F03 3135C
[l cru 313-6CF03 3135C/DPM
[l cru 314-24G12 31458/DPM
[l cpu 314-6CF02 3135T/DPM
[l cpu 314-6CG03 3145C/DPM
[l cpu 315-24G12 31558/DPM
[l cPu 315-4EC12 315SN/EC
[l cPu 315-4NE12 315SN/NET
Wl cpu 317-20012 317SE/DPM
Il CPu 317-4NE12 317SN/NET

v [} SUO System

SUO 053-1DP00
$L10 053-1EC00

v [ SYSTEMPANEL
(3 TP 626-MDCO 604LC
23 TP 62F-FEED 605CQ
(3 TP 62G-FEEQ 606C
23 TP 62H-MDCO 607LC
(3 TP 621-IEE0 608C
I3 TP 62K-JEED 6010C
=3 TP 62M-JEEO 6012C

25



Key benefits

Easy to use - modern design
= Build a configuration in less steps
= Only reasonable settings and options are visible, expert settings visible only if required

Powerful online functions together with EC-Master
= Network scan local & remote, compare configured and found slaves (network mismatch view)
= Access to states, variables, object dictionary, ESC register, EEPROM, etc.
= Figure out the location of communication errors (bad cables and connectors, vibrations, etc.)

EtherCAT Master Information (EMI) file for specifying master device features
= The configuration tool offers only supported features of the selected EtherCAT controller
= E.g. maximum number of EtherCAT SubDevices or process data size or cycle time limitations

Software Development Kit available

= Adjust to customer needs or integrate into customer engineering environment

acontis
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Additional information

+ EC-Engineer tutorials and user manual
https://developer.acontis.com/ec-engineer

« Request for EC-Engineer technical details slides

* Request for evaluation software
https://www.acontis.com/en/ethercat-support-eval-request.html
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EC ¢ Engineer\//eb

Web Edition




EC-Engineer vs EC-EngineerWeb

EC ™ Engineer EC ™ EngineerWeb

Conllg |

EC ¢ Engineer

‘Add Master Unit Getting Started

H

eeeeeee

Slaves connected to server device

EHHHH

— —
‘ E SLL] Jrontovere BN
Recent Projects O
EHHHH " P AN $ 2 - Slaves connected to remote system
R
EHww Cnnnp Smesior
O

cooon
| T U e

Oniin
Otfline Configuration and Simulation
Q— E HHHH  Soimisa s
u

[ Windows } [Windows} [ Linux }

¥ ¥ $ ¢

ARM 32-Bit
ARM 64-Bit

x86 32-Bit x64 64-Bit x64 64-Bit
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EC-Engineer Web Overview EC emEngineeri/eh

EtherCAT configuration and diagnosis tool using a standard browser as user interface:

* Web Browser with HTML5 and JavaScript support
«  Desktop computer
*  Mobile devices (tablet, smartphone)
»  Communication to backend via HTTP
* Business logic (RACE)
»  ASPNET Core Web Application
* Based on Microsoft .NET Core 3.1

Client Device

Using the same, well proven core logic and ENI

HTTP creation algorithm as EC-Engineer

Server Device

EtherCAT.

2. EC-Master [l I] I]

aconti
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Configuration Mode

Full features including MDP etc.

B EC-Engineer x +

< C A Nichtsicher | 172.17.5.95

New Open Save v Import
Project Explorer

88 Classic View W

v 1 EC-Master
| Slave_1001 [EK1100]
Slave_1002 [EL2008]
Slave_1003 [EL2008]

Slave_1004 [EL1014]

Slave_1006 [EL1034]

E
E
b
£ Slave 1005 [F12004]
o
b

Slave_1007 [EL1018]
Slave_1008 [EL2008]
B Slave_1009 [EK1122-0080]
1 Slave_1020 [EK1122]

v Export

K + Append Slave X Remove Slave Q Scan % Create Group

Master Process Data Image Distributed Clocks

General

Cycle Time [us] 1000

Source MAC Address 68-05-CA-34-BE-9C

Slaves connected to server device

Network Adapter
Deselect

Slaves connected to remote system

Protocol
IP Address

Port

Master-Instance

= More...

* @ Inkognito

Config

EC ¢« Engineer\Web

Diag




Sophisticated Diagnosis Features EC ¢ Engineer/Veh
Monitoring and forcing of Variables etc.

EC-Engineer X +

< C A Nichtsicher | 172.17.5.95

Project Explorer

88 Classic View v

# EC-Master
# Slave_1001 [EK1100]

# Slave_1002 [EL2008]

# Slave_1003 [EL2008]
Slave_1004 [EL1014]
Slave_1005 [EL2004]
Slave_1006 [EL1034]
Slave_1007 [EL1018]
Slave_1008 [EL2008]
Slave_1009 [EK1122-0080]

# Slave_1010 [EK1101-0080]
Slave_1011 [EL2252]
Slave_1012 [EL2612]
Slave_1013 [EL4132]
Slave_1014 [EL3162]
Slave_1015 [EL1008]
Slave_1016 [EL1094]
Slave_1017 [EK1110]

# Slave_1020 [EK1122]

General Variables ESC Register

Variables
Name

Slave_1013 [EL4132].Channel 1.Cutput
Slave_1013 [EL4132].Channel 2.0utput

Add to watchlist

Chart

Edit Variable

Value:

* % Inkognito

Config Diag

EEPROM Extended Diagnosis CoE Object-Dictionary

Offset

OUT: 168.0
OuT: 170.0

Slave_1013 [EL4132] Channel 1.Oulput

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49

Force Release




Additional information

* EC-Engineer Web user manual
https://developer.acontis.com/ec-engineer

« Request for EC-Engineer Web technical details slides

* Request for evaluation software
https://www.acontis.com/en/ethercat-support-eval-request.html
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EC «» Simulator

EtherCAT® Network Simulation




Use Cases

Fieldbus “Master-Device” Test

Master Software Development

—

N
"Run the Master application b Replace manual test
without real slaves procedures by automatic
Comfortable Debugging of procedures.
complex topology/slave type Implement enhanced tests
J

- On0Oan

N7 N

Virtual Commissioning Slave Firmware Development

[ Application Layer

m t I ( \ luc — — ) ™\

L\ Develop and test
. . Slave Stack Code .
applications based on a : e ——— Develop slave firmware

software emulation of the I before hardware is available
machine logic T
N ) eI J
| | ESC Memory Interface (PDI) ] ] f
; PDI ’:
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General System Architecture

Characteristic of

Application ©*

f - real-world system
Software — | @
Controller —H
EtherCAT , EtherCAT
Master Software | EtherCAT. ™ [l [l —{ Slave Devices
Real World
Software for
Application J Imitation of
—_— . .
Software I Controller AL “———  real-world system
CHFIHH  Slave Simulation
EtherCAT » EthercAT~ mypn Software
Master Software ] \ EC-Simulator
<  PC or embedded
Simulation Hardware
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Hardware-in-Loop (HiL) Simulation
All slaves are simulated

* The System-Under-Test (SUT) is communicating via an EtherCAT cable with the EC-
Simulator software running on an external hardware, the HiL System.

» HiL System doesn’t require special hardware, a standard Ethernet interface can be used
* In this setup the original application together with the EtherCAT Master can be tested

System

Simulated
Under Test HiL System EtherCAT
(SUT) Ether CAT= HHD | Network
l
0000
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HiL Simulation: Software architecture

Customer C/C++ Application
Test Cases, Simple Logic, etc.

(r V)
[ Programing Interfaces: Process Data, Network Operations, Diagnosis ]
—_— Simulator
EtherCAT. ™ [ Cyclic Process Data Image ] [ Slave Registers, EEPROM, etc. ]
CHHHA EC-Simulator
IR [ EtherCAT Slave Stack ET9300 |
D [ ESC Hardware Simulation }
Q 4
OS Abstraction J \ acontis Ethernet Drivers

»  Support for various operating systems, e. g. Linux and Windows

* High performance due to the acontis Real-time Ethernet drivers

«  Simulation of EtherCAT Slave Controller (ESC) hardware in software

* Implementation of Beckhoff EtherCAT Slave Stack ET9300

« EC-Simulator offers a “C" language application programming interface (API)
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Use Case:

Virtual Commissioning

« EC-Simulator together with Isn ‘ MATLAB VECTOR >
Digital-Twin Software | . :
° >0 ~ vituwos WinMOD" dSPACE
» Test and optimize the application during
ea]rly engmeerl.ng,'StageS' Third Party Software for
without real existing target hardware. Digital Twin, Virtual Commissioning
» Test error scenarios which are
dangerous and/or lead to damages Ec #Slmu/ator
Application ~ -
Software I Controller HiL System <:| Imitation of
oo real-world system
EtherCAT Caooon
Master Software ] Slave Simulation
| Software EC-Simulator
Simulation
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Configuration based on ENI file m

» Standard EtherCAT Network Information (ENI) file is used to configure
the EC-Simulator software

* ENI can be exported by EC-Engineer or any other configuration software,
e. g. Beckhoff TwinCAT, supporting it.

EC (»Engineer
— Simulator
. aanoa
xml ) D
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Diagnosis with EC-Engineer

=+ L Engineer Fres Bdtier [ ]

{34 Ceriigursion Mace

Bk s stk ftina pe

BT T —
= Sl 001 61 250
A S 1102 (L2004 (10020
@ st 1003 L 1007
ot

| imern| rans. |1 angpee | v g 4 g £ Cepen. 1 ey

Clusic Wiew | Flk Vice| Teumsinay iom |

= Fvey preneT—————— p—
e St T i I Dwtwit a

[T e

S 1025 [FLET e 7 Saah T [=]
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3
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TCP/IP

C/C++
Application
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Simulate Power Loss, Link Loss and

Frame Errors with EC-Engineer

Device ditor + Power down/up a specific slave

[ General " Variables " ESC Register" EEPROM " Extended Diagnosis " DC Diagnosis" CoE Object-Dictionary " FuE] Simulatar

State Machine * Create CRC errors on
Current State o . o
SN CO a specific port (by random)

Slave Power

Change the power conditicn of the slave. After a power cycle the slave is in INIT, ° Si m u | a te te St Ca Ses | i ke
Poweroff Poweron 17 . "
Unplugging a cable

Slave Connection

Change slave connection. Unplug or change connection to previous slave. Does not power off the slave.
Connect to Slave Address: 1001 E Port: | B -
Disconnect  Connect

CRC Error
Generate a CRC error at a specific port (once or probability).

Port |A v Probability (3): b.oso0 &

Setonce  Set random Reset random

Link Loss

Generate a Link Loss at a specific port for a specific time (once or probability).
Port: -A *| Down time (s): 50 E Probability (3): 0.0 E

Setonce  Setrandom  Resetall ports
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Software-in-Loop (SiL) Simulation

Setup with real devices only Flexible setup with simulated devices

Customer Application C/C++ Customer Application C/C++

» Simulated Slaves

Standard
Ethernet MAC

e

- W

k Simulated Network j
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Key benefits

- Hardware-in-the-Loop:

= Simulate a complete EtherCAT network on a PC or embedded system
running Windows, Linux, QNX, etc.

- Software-in-the-Loop:
= Simulate a complete EtherCAT network on the EC-Master controller

Comprehensive functions to simulate errors
= Including broken cable, wrong cabling, slave failures

EC-Simulator API is mainly equal to EC-Master API

Integration of own slave firmware possible
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Additional information

+ EC-Simulator product intro video
https://youtu.be/5ToJh7g) Go

» EC-Simulator tutorials and user manual
https.//developer.acontis.com/ec-simulator

+ Request for EC-Simulator technical details slides

* Request for evaluation software
https://www.acontis.com/en/ethercat-support-eval-request.html
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