EC ™ Master

Quick Start Guide




* EtherCAT System Architecture

* EtherCAT Master Architecture

* EtherCAT Master Building Blocks

* Generate bus configuration with EC-Engineer

* Operate slaves with EC-STA EtherCAT Slave Test
Application

* Connect EC-Engineer with EC-STA Application
* Next steps
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EtherCAT System Architecture

EtherCAT Application

EtherCAT Slave
Information (ESI) Files

. EtherCAT Network Information (ENI) File
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EC-Master Architecture

Customer Application C/C++

Process Data (PD) Image description

Process Mailbox
XML Parser Data Image

EtherCAT Network
Information (ENI)
File

EtherCAT Master Core

Standard Ethernet
MAC
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EC-Master Building Blocks

/ EC-Master according to ETG.1500 Master Classes Directive \
Class B Core Class A Core

* Compare network configuration * All Class B Features

*  Cyclic process data exchange *  Mailbox protocol FoE

* Slave to slave communication *  Mailbox protocol AoE

*  Mailbox protocols CoE *  Mailbox protocol VoE

*  Mailbox protocols SoE * Distributed Clocks with master

*  Mailbox protocols EoE synchronization
Feature Pack Feature Pack Feature Pack

Cable Redundancy Hot Connect Remote Access

Feature Pack Feature Pack Feature Pack
Superset ENI EoE Endpoint Master Obj. Dict.
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EC-Engineer: Overview

* One single tool for EtherCAT configuration and diagnosis
* Perfect supplement to EC-Master

* Import of EtherCAT Slave Information (ESI) files

* Export of EtherCAT Network Information (ENI) file

* Register here to get a free evaluation version:
https://www.acontis.com/en/ecdownloads.html

Editor
= Bus (Class-A Master) General |PDO Mapping | Variables | Advanced Options | Distributed Clocks | Init Commands | CoE Object-Dictionary|

-A Mast
= [ Slave_001 [EK1100] (0001)
" Slave_002 [EL2008] (0002) Address
®§ Slave_003 [EL2008] (0003) Station Address 108
1§ Slave 004 [FL1008] (0004)

Informatio
£ Slave_005 [EL1008] (0005) \
" Slave_00 [EL4132] (0006) eme Ao 1
"
% Slave_007 [E13162] {0007) Description 'SGDV-ES EtherCAT(CoE) SERVOPACK Rev3
"} Slave_008 [EK11.22-0080] (0008) Vend, Vst I o 0539/ 133
~ 1l Slave_009 [VIPA 053-1EC00] (0009) endor (askawa Electric Corporation 71337)
100 032-18830] Product Code 0:2200002 (35651586)
4l oo; 022-18620] Revision Number 030005 (196613)
flo 040-1CA000 File C:\ProgramData\ECEngineerEtherCAT\Yaskawa SGDV-ES_CoE rev3.05.xml
@] 004 : Terminals [050-18A00]
1. Axis 1 (0010) Topology
11, Axis 2 (0017) Connected Devices [PORT B] - Axis 2 (0011)
1L, Axis 3 (0012) Predecessor Device Slave_009 [VIPA 053-1EC00] (0009) [PORT B]

1. Avis 4 0013)

Classic View |Flat View

Information
Name. s 1

©INF 081706 Configuration saved to DATemphconfig.ecc

Desaription SGDV-ES EtherCAT(CoE) SERVOPACK Re. OINF 080729 EC-Engineer rescy. Version 099
Vendor Yaskawa Electric Corporation (0x539/ 13
Master/Bus: 1 | Slaves: 17 Mode: CONFIG | EXPERT
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https://www.acontis.com/en/ecdownloads.html

Operating Modes EC (= Engineer

Offline Configuration:
(In the Office)

1315151
EtherCAT l] [I l] [I

Online Configuration:
Slaves connected to
Engineering System

HHH
e evercar [ [

Remote Configuration:
Slaves connected to
Target System

1000
] o EHHHD

Remote Diagnosis:
Slaves connected to
Target System
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Generate bus configuration with EC-Engineer

Step 1: Connect EtherCAT Slaves

* EC-Engineer comes with an integrated EtherCAT master for scanning the connected EtherCAT

slaves

* Every Ethernet Network Interface with an valid Windows driver can be used

* A second, dedicated Network Interface for EtherCAT is recommend

* Warning: Do not connect any EtherCAT slaves to your Office LAN

EtherCAT.

Office LAN T
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Generate bus configuration with EC-Engineer
Step 2: Install and start EC-Engineer

EEC—Engineer [--]1

File  View MNetwork  Settings Help

l Classic View |Flet View JI Topology \ﬁm]

B, Diagnosis Mode

EC ™ Engineer

Add Master Unit

4= EtherCAT Master Unit (Class A)
4= EtherCAT Master Unit (Class B)
+= EtherCAT Master Unit (Beckhoff CX5000)

Getting Started

R

CHHHH
EHHHH
O

EHHHH

foeel e DI
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CHHHA

bl w0000
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Offline Configuration
In the Office

Online Configuration
Slaves connected to Engineering System

Remote Configuration
Slaves connected to Target System

Remote Diagnosis
Slaves connected to Target System

Short Info
Information

Messages

L1

Severity  Time

Message

INF 16:45:01 EC-Engineer ready. Version 2.4.0

~ 1

|
Nelwuim:ﬂ|5limm:l] |

State: .+ . | Mode: CONFIG | STANDARD
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Generate bus configuration with EC-Engineer
Step 3: Select “Online Configuration” and

“EtherCAT Master Unit (Class A)”

EEC—Engineer[——]
Fle View MNetwork Settings Help

. Diagnosis Mode

EC «»Engineer

Add Master Unit Getting Started
|
< Select the desired master unit from the list: Offline Co _
1| EtherCAT Master Unit (Class A) In the Office

EHAHH

D [l [I [l [l g;zzecgmlz}ﬁ::ginEﬁng System
O

EHHHH

Remote C ration
g T EthercaT D [I [I [l [l Slaves con:emumTamd System

""""" O
CHHHA

Fthercal D I] I] [I I] Slaves cnr?n??tenf:hrget System

l Classic View |F|at View JI Topology‘.‘ie'w‘ D

Short Info w 11 || Messages ~ I
Information Severity Time Message

0K Cancel

| | 0 INF 16:45:01 EC-Engineer ready. Version 2.4.0

|
Networks: 0 | Slaves: 0 | State: . . | Mode: CONFIG | STANDARD
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Generate bus configuration with EC-Engineer

Step 4: Choose network adapter from list and press “Select”

EEC—Engineer [--1

Fle View Network Settings Help

ol x|

. Diagnosis Mode

: Export ENI
Project Explorer

Device Editor
Master
General
Unit Name |Class—A Master |
Cycle Time [us] | 1000 EI
Source MAC address l |
Slaves connected to local system
Network Adapter | EtherCAT2 ( Realtek RTL8168C(P)/8111C(P) Family PCI-E Gigabit Ethernet NIC (NDIS 6.20) }
Select
Slaves connected to remote system
IP Address 127.0 .0 . 1
Port (6000
Master-Instance |D select
Master-Instance of the remote system|
l Classic View |F|at View JI Topology WE.w‘
Short Info w 11 || Messages ~ I
Information Severity | Time  Message
Name | class-a Master | || ® 1NF  16:45:01 EC-Engineer ready. Version 2.4.0
Networks: 1 | Slaves: 0 | State: . - | Mode: CONFIG | STANDARD
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Generate bus configuration with EC-Engineer
Step 5: The found slave devices are listed in the tree

EEC—Engineer [--]
File  View  Network Settings Help
Project Explorer Device Editor
v Master | process Data Image
= i slave_1001 [EK1100] (1001)
B slave_1002 [EL2004] (1002) General
B clave_1003 [EL2004] (1003) Unit Name | Class-A Master |
il Slave_1004 [FL1014] (1004) Cycle Time [us] 11000
u Slave_1005 [EL1014] (1005) Source MAC address [uummlsﬁ[:-m j
B slave 1006 [EL4132] (1006)
"1, slave_1007 [EK1110] (1007) Slaves connected to local system
Network Adapter | EtherCAT2 ( Realtek RTL8168C(P)/8111C(P) Family PCI-E Gigabit Ethernet NIC (NDIS 6.20) ) ]
Slaves connected to remote system
IP Address 127. 0 - 0 - 1
Port (6000
Master-Instance [D
I Classic View |F|at View” Topobgy‘d'iew‘
S =
Information Severity Time | Message =
Name | Class-A Master | 1@ INF  16:49:01 Master state change from Unknown' to 'Tnit
. Descriotion | EthareaT Linit £ At | R r
Networks: 1 | Slaves: 7 | State: . . | Mode: CONFIG | STANDARD
V3.1 12
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Generate bus configuration with EC-Engineer

Step 6: Export ENI file

EEC—Engineer[——] _I_I— m] 5'
Fle View Network Settings Help

Nl *- Configuration Mode [ll ¥ Export ENI BB, Diagnosis Mode A

Project Explorer Exports ENI file of selected device
- s | roces o e

= [l slave 1001 [Ex1100] (1001}

B slave_1002 [E12004] (1002) General
B Slave_1003 [EL2004] (1003) Unit Name |Class- Master |
ii slave_1004 [EL1014] (1004) Cydle Time [us] | 1000
if slave_1005 [EL1014] (1005) Source MAC address [00-0a-CD-16-BD-0D |
B slave_1006 [EL4132] (1006)
"] slave_1007 [EK1110] (1007) Slaves connected to local system
lictwork Adapieg | EtherCAT2 ( Realtek RTLB168C(P)/8111C(P) Family PCI-E Gigabit Ethernet NIC (NDIS 6.20) ) [ ]

Deselect

Slaves connected to remote system

IP Address 27.0 .0 . 1
Master-Instance [D

I Classic View |Hat View” Tupolngy‘d'im]
Short Info ~ 1

Information
Name | Class-A Master |

Metworks: 1 | Slaves: 7 | State: .+ . | Mode: CONFIG | STANDARD
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Generate bus configuration with EC-Engineer
Step 7: Switch to “Diagnosis Mode” and set state to OPERATIONAL

EEC—Engineer[——]
File  View  Network Settings Help

-

BB Diagnosis Mode

[i slave_1001 [EK1100] (1001)
B Slave_1002 [FL2004] (1002)
B slave_1003 [FL2004] (1003)
| sSlave_1004 [EL1014] (1004)
il slave_1005 [EL1014] (1005)
B slave 1006 [EL4132] (1006)
"1, slave_1007 [EK1110] (1007)

I Classic View |F|at View” Topology ‘.l'iew‘

Project Explorer Exports ENI file of selected device
- . Class-A Master |Masber Process Data Image

General
Unit Name |Clm&-h Master
Cyde Time [us] 11000
Source MAC address [m_m_ls-BD-DD

|
>

Slaves connected to local system

Netwrnrk Adantar e e s eaaiies

EC-Engineer ﬂ

@ Do you want to set the master state to OPERATIONAL?

111C(P) Family PCI-E Gigabit Ethernet NIC (NDIS 6.20) ) [ ]

Descrioti
Neimlu:1|slavu:? |

Short Info
Information Severity Time Message ;
Name |daws—A Master | (1] INF  16:49:01 Master state change from ‘Unknown' to 'Init'
| EtbhmmraT Linit £ A | e v

R



Generate bus configuration with EC-Engineer
Step 8: Bus is OPERATIONAL

EEC—Engineer [--]1
File  View MNetwork  Settings Help
| % Configuration Mode  |=J Eport £ B
Device Edror
- @ Class-A Master <connected> General | process Data Image | Watch list
* @ Slave_1001 [EK1100] (1001) achi
& sSlave_1002 [EL2004] (1002) State Machine
@ Slave_1003 [EL2004] (1003) GirrestSiate 0p |
@ Slave_1004 [EL1014] (1004) Reguested State op |
@ Slave_1005 [EL1014] (1005) Init
@ Slave_1006 [EL4132] (1006) Change State Pre-Op Safe-Op
@ slave_1007 [EK1110] (1007)
Information Frame Counter
Mumber of found slaves |? | Sent frames |52532 |
Mumber of slaves in configuration |? | Lost frames |D |
MNumber of DC slaves |0 | Cyclic frames |524-16 |
DC in-syne - | Acydiic frames [116 |
Topology Ok |‘|"es |
Link Connected |‘|"es |
Slaves in Master State [ves |
[ Classic View |Flat View J[ Topobqv‘-ﬁwrl
Shot Info -
Information Severity | Time  Message b
Name | class-a Master | || ® INF  16:52:50 Master state change from 'Safe-Op’ to ‘Op'
. - o . ~ . B . ~ B -
Networks: 1 | Slaves: 7 | | State: & @ | Mode: DIAGNOSIS | STANDARD
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Generate bus configuration with EC-Engineer

Step 9: Switch back to “Configuration Mode” and Exit

m EC-Engineer [--]
¥, Diagnosis Mode
) =)
Device Editor
Master | Process Data Image
General
Unit Name |Class—A Master J
Cydle Time [us] | 1000
Source MAC address IW-DA-CD-IE-BD-DD |
Slaves connected to local system
NetwodkiAdpicy | EtherCAT2 ( Realtek RTLB168C(P)/8111C(P) Family PCI-E Gigabit Ethernet NIC (NDIS 6.20) ) []
Deselect
Slaves connected to remote system
PN e 127.0 - 0 . 1
Port (6000
Master-Instance ln
I Classic View |Flat View ” Topology \l'iew‘
Short Info «+ 1 | Messages ~ 0
Information e i = -
Name | Class-A Master | [/  mF  16:53:27 Master state change from 'Op’ to ‘Init
Description | cth me AT Wit £, Al | e . - R R ul
Metworks: 1 | Slaves: 7 | State: . | Mode: CONFIG | STANDARD
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Install the EC-Master

* Extract/Install the EC-Master by running setup.exe
= Note: Some platforms as ZIP/tar.gz archive, not as setup.exe

* The documentation including this Quick Start Guide is in
folder “Doc”

* There is an EC-SlaveTestApplication starter in the
Windows start menu

Al .
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Operate slaves with EC-STA Slave Test Application

Step 1: Start EC-STA from the start menu and configure

Bl EC-SlaveTestapplication V2.8.1.01 i |m] E
File Log Help

Corfiguration | Master | Slave | Process Data | CoE | FoE | AcE | SoE | EEPROM | Notfications | DemoMation
— Master Settings
% Local
Master Cycle Time fusec): IQDDD 3: ™ Use Soft Realtime Timer
Link Layer Redundancy Link Layer
IWinF‘C.ﬁP ‘I IWinF‘CﬁP 'I
3
[Mﬂe{: IEtherC&TQ - Adapter : IEBE j
Mode : IPoIIing j Mode : IPoIIing j
[F Enable Remote API Server RAS Part : [5000 = 2 ]
" Remote
|P-Address: |12?.D.1].1 Port : IGDDI] j MEIStEf-|ﬂ5tEIﬂCEID 3: I | Download corfiguration
— BtherCAT Network Information file (ENI)
v |D\enim| é ] Create with EC-Enginesr
a *“' :
The ENIfile can be generated with an EtherCAT Configurator such as our EC-Engineer. An evaluation version can be downloaded from
&h|$|0;| es www acontis.com

Masterstate: . Unknown | Not Operational Slaves : 0000 | Frames Lost : 0 | Cydic WKC Errors : 0

Al .
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Operate slaves with EC-STA Slave Test Application

Step 2: Initialize and set master state to operational

m EC-SlaveTestApplication V2.8.1.01 o ] 54
File Llog Help
5@ Master "Corfiguration Master | Slave | Process Data | CoE | FoE | AcE | SoE | EEPROM | Notfications | DemoMotion |

@ Slave_1001 [EK1100]
@ Slave_1002 [EL2004] — Initi ion p ter

@ Siave_1003 [EL2004] = _
@ Sty | 1| e | __ Dekitke |

@ Slave_1005 [EL1014]
@ Slave_1006 [EL4132] — Master State

[ Sl 1007 [EK1110
@ Slave [ ] it | PreOp | SafeOp mm 2 ]
Curmrent State : IGF State Change Timeout
Requested State : [OP [15.000 =
r—Bus Topology

Scan Bus | Scan Bus Timeout : 3.000 =
Connected Slaves : IT Configured Slaves : I?

Result :  |SUCCESS

acontis
éhni;loiies

EC-Master VZ_B.1.01 (Eval) for Windows_x8% Copyright acontis technologies GmbH @ 2016 ;I
EcLinkOpen(): Use WinPcap version 4.1.3 (packet_dll wersion 4.1_0.2580), based on libpcap wversion 1.0 branch 1 0 _rellb (20051008)

EcLinkOpen () : Use network adapter "Realtek BTLEB1&BC/8111C BCI-E Gigabit Ethermet NIC"

Unlicensed wersion, stop sSending ethernet frames after 60 minutes!

Bus scan successful - 7 slaves found

Master state changed from <UNENOWN* to <INIT>

Master state changed from <INIT> to <PREQP>

Master state changed from <PREOE> to <SAFEQE>

Master state changed from <SAFEOP> to <0F>

Masterstate: ) Operational | Not Operational Slaves : 0000 | Frames Lost : 0000 | Cyclic WKC Errors : 0000

i . .
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Operate slaves with EC-STA Slave Test Application

Step 3: Do further tests, e. g., flashing outputs

EEC- SlaveTestApplication V2.8.1.01 -0 x|
Fie  log Help
5@ Master Corfiguration | Master Slave | Process Data | CoE | FoE | AE | SoE | EEPROM | Notfications | DemoMotion |
------ @ Slave_1007 [ERTTON] p——
1 @ Slave_1002 [EL2004] Slave (Fixed Address): [ 1002 Ofssthed 0 = : -
o = Data Size : m
@ Slave_ 1004 [EL1014] [ Save State |
ave_ ; Timeout : -
------ @ Slave_1005 [EL1014] mt_ | Preop | soe0p | Operatonal | el
------ @ Slave_1005 [EL4132] | T =
llllll @ Siave 1007 [EKT110] Boat Strap State Change Timeout | 3.000 - Read I

Current State IGP Requested State : IGP

r Process Data
Status : INnumr —Qutput
r— Slave Information Offset (Byte / Bits) Size (Byte / Bits) ( Flash ]
Device Name : [Slave_1002 [EL2004] joo/o jn.a/4 14 2

Wendor 1D I[kZ

° Alias - |ucu ™ 328t W 648t
Corfig Address : IF System Time Difference ((c92C):

[ Present rHCG'm.pII

acontis
éhn};miies'

EC-Master VZ.8.1.01 (Eval) for Windows_xB86 Copyright acontis technologies GmbH @ Z016 ;I
EcLinkOpen(): Use WinPcap wersion 4.1.3 (packet._dll wersiom 4.1.0.2580), based on libpcap wersion 1.0 branch 1 0 _relOb (20051008)

EcLinkOpen(): Use network adapter "Realtek RTLE1&8C/8111C PCI-E Gigabit Ethernet NIC"

Unlicensed wersion, stop sending ethernet frames after &0 minutes!

Bus scan successful - 7 slaves found

1 state ch d from <UNENOWN> to <INIT»
Master state changed from <INIT> to <PREQOP»
M state ch d from <PREOP> to <SAFEQOP>
M state ch d from <SRFEQP> to <OF>

Masterstate: ) Operational | Not Operational Slaves ; 0000 | Frames Lost : 0000 | Cydic WK Errors : 0000

i . =
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Connect EC-Engineer with EC-STA Application
Step 1: Start EC-Engineer and select “Remote Diagnosis”

EEC—Engineer[—-]
Fle View Network Settings Help

. Diagnosis Mode
! 7|

EC «»Engineer

Add Master Unit Getting Started
s EtherCAT Master Unit (Class A)
+= EtherCAT Master Unit (Class B)
4 EtherCAT Master Unit (Beckhoff CX5000)

Offline Configuration
In the Office

D |] [I |] [l g“a\i:ecgm':uﬁg:gineﬂing System

EHHHH

Remote C ration
Etherca? D [I [l [l [I Slaves con:ﬁutuﬁrget System

O
LN 1}

FEnarcar D l] [I I] I] Slaves cor?n?ecgteng?:ﬁrget System

M

l Classic View |F|at View H Topology\ﬁewJ
Short Info » 1 || Messages -~ 1

Information Severity Time  Message

[ | € INF  17:00:16 EC-Enginesr ready. Version 2.4.0

|
Networks: 0 | Slaves: 0 | | state: .+ . | Mode: CONFIG | STANDARD
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Connect EC-Engineer with EC-STA Application

Step 2: Choose “Slaves connected to remote system”

EEC—Engineer[——] ;|g|5|
File  View  Network Settings Help
Export ENI B8 Diagnosis Mode
: ) 7]
Project Explorer Device Editor
- Class-A Master Master
General
Unit Name |Clm&-h Master
Cycle Time [us] | 1000

< [

Source MAC address [

Slaves connected to local system

Network Adapter | EtherCAT2 ( Realtek RTL8168C(P)/8111C(P) Family PCI-E Gigabit Ethernet NIC (NDIS 6.20) )
Select
Slaves connected to remote system
IP Address 927.0 .0 . 1
Port 6000
Master-Instance |D select
I Classic View |F|at View” Topology V'ml
Short Info w [ |} Messages -
Information Severity Time Message
Name | Class-A Master | 1@ INF  17:00:16 EC-Engineer ready. Version 2.4.0
Metworks: 1 | Slaves: 0 | State: .+ . | Mode: CONFIG | STANDARD
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Connect EC-Engineer with EC-STA Application

Step 3: Check input or output variables

EEC—Engineer[——] _I_I— m] 5'
Fle View Network Settings Help
{4 Configuration Mode | Export 100 K
Device Editor .
¥ @ Class-A Master <connected> General | Variables | EsC Register | EEPROM | Extended Diagnosis | DC Diagnosis
= @ Slave_1001 [EK1100] (1001) Variables
aria
| o Slave_1002 [EL2004] (1002) | )
@ Slave_1003 [EL2004] (1003) Name Datatype  Group Info  Offset ~ Size Value Forced
@ Slave_1004 [EL1014] (1004) Slave_1002 [EL2004].Channel 1.0utput |BDOL |[Defau|t] | ouT : u.nlu.1 |n | o
@ slave_1005 [EL1014] (1005)
@ Slave_1006 [EL4132] (1006) slave_1002 [EL2004].Channel 2.0utput BOOL [Default]  oUT: 0101 1 |
@ Slave_1007 [EK1110] (1007) slave_1002 [EL2004].Channel 3.0utput BOOL [Default]  OUT: 0.2 01 0 m]
Slave_1002 [EL2004].Channel 4.0utput BOOL [Defaul]  OUT: 0.3 01 0 O
Chart
0
Edit Variable Add to watch list
Value: |False EI Force
I Classic View |Hat\|"|ew” Tupolngy‘d"ml
Short Info w [ |} Messages - 1
Information Severity Time  Message
Name |Slave_1002 [EL2004] | 1@ INF  17:00:16 EC-Engineer ready. Version 2.4.0
Networks: 1 | Slaves: 7 | | State: o @ | Mode: DIAGNOSIS | EXPERT
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Next Steps > EC-Master Class B User Manual m

* Run EcMasterDemo on your target system
= 2 Getting Started
= 2.3 Operating system configuration
= 2.3.1 Link Layer selection
= 2.4 Running EcMasterDemo

* Learn more about EcMasterDemo and the application framework
= 3.1 Application Framework

* Development and runtime licensing process
= 1.4 Protected version
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