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Overview

>
1
i1

Like with every real time Industrial Ethernet system, one device (the master) has to be in charge
of the network management and organise the Medium Access Control. However, with EtherCAT
also direct slave-to-slave communication is supported in two ways:

- topology dependent within one communication cycle

- topology independent within two cycles.

Sin?e EftherCAT is faster than competing systems, slave-to-slave communication using two cycles
is also faster.

This documentation demonstrates the one cycle slave to slave communication from one
EtherCAT™ slave node downstream (topology dependent) to another EtherCAT™ slave node
within one bus cycle. This example here is based on the basic example described inside , Getting
Started - XMC4800_Relax_EtherCat_APP_Slave_SSC Example_V2.2.pdf". Before you proceed
with this documentation, make sure you have a solid understanding of this documentation first.
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Requirements

2 x XMC4800 Relax EtherCAT Kit

i

2 X RJ45 Ethernet Cable

LA

AR

Windows Laptop installed

- DAVE v4 (Version4.1.4 or higher)

- TwinCAT3 (v3.1.4020.32) Master PLC
- Slave Stack Code Tool

Micro-B plug Std-A plug
B = 2 X Micro USB Cable (Debugger connector and
" Power supply)
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Requirements - free downloads

: | TwinCAT3 (no trial period; usability limited;
i f‘”_::w 32bit and 64bit Windows)
Porrcay Link: Download TwinCAT3
wt BECKHOFF

ATTENTION: According our experience TwinCAT is best compatible
with Intel™ ethernet chipset.

For details on compatibility with your hardware, additional driver and

general installation support please get into contact with your local
BECKHOFF support.
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http://www.beckhoff.de/german/download/tc3-downloads.htm?id=1905053019883865

(infineon

Requirements - free downloads

DAVE (v4.1.4 or higher)
. Link: Download DAVE (Version 4)

EtherCAT Slave Stack Code Tool
(ETG membership obligatory)

Link: Slave Stack Code Tool

B (=8 =

e ETHCAT_SSC_XMC48

@hneon Infineons basic EtherCAT example
| Link: Download Examples
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http://www.infineon.com/dave
http://www.ethercat.org/memberarea/stack_code.aspx
https://www.infineon.com/cms/en/product/promopages/aim-mc/dave_downloads.html
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Limitations

» One cycle slave to slave communication is basically a matter of
network configuration by the master.

» Depending on the master used, this configuration might be
limited and special slave node implementations needed.

» The demonstration described here, was tested using TwinCAT3
v3.1.4020.32 and limitations result from this.

y Limitations on the EtherCAT™ slave nodes for this
demonstration:

Sending slave: Receiving slave:

1. Only input PDO data 1. Only output PDO data
allowed allowed

2. Input PDO data structure 2. Output PDO data structure

must match output PDO data must match input PDO data
structure of receiving slave structure of sending slave
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Setup - Hardware
—

iy
e

EtherCAT™ Slave n EtherCAT™ Slave &
Receiving data Sending data

EtherCAT™ Master (TwinCAT3)
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Setup — Import Basic Example

(ETHCAT_SSC_XMCA48)

. DAVE CE - DAVE™ - C:\

Edit Source Refactor Mavigate Project 5

Mew Alt+Shift+MN »
Open File...
Close Ctrl+W
Close All Ctrl+Shift+W
Save Ctrl+5
Save As...
Save All Ctrl+Shift+5
Rename... F2
= | Refresh F5
Print... Ctrl+P
Switch Workspace 3
Restart
oy Export.
Properties Alt+Enter
Exit
& Import DAVE Projects =
Import DAVE projects
Import Existing DAVE Projects
(71 Select Root Directory Browse...
(@ Select Archive File ChUsers\Public\Downloads\XMC4800_Relax_EtherCat_APP_Slave_S5C.zip [ Browse...
Project List:
XMC4800_Relax_EtherCat_APP_Slave_SSC(XMC4800_Relax_EtherCat_APP_Slave 55C) ‘ Select All
-
Copy Projects Into Workspace
@ nei> N[ Fnish | f  Cancel

infineon

% Import

Select

\

=)

Select an import source:

> [ General

b= C/Cs

b = Git

a (= Infineon
=

ocal Library Store
> = Install

¢ (= Plug-in Development

> = Run/Debug

b = Team
b = XML
® < Back Next > Finish
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Setup - Modify Basic Example (infineon

1. For this demonstration you need two different EtherCAT™
slave node implementations. One for the receiving and one for
the sending slave.

2. First follow the documentation which comes with the basic
example (ETHCAT_SSC_XMC48) and prepare it for
compilation.

3. Duplicate the project.

4. The following documentation will describe the neccessary
modifications of the basic example. One for the receiving and
one for the sending slave.



Setup - Modify Basic Example Infineon
Sending Slave (XMC_ESC_IN)

1

= S5C
= Src

X| Infineocn_xM CiAT_SSC_CD nfig.xml

EF] XMC_ESC xlsx

Index ~ ObjectCaode ~ Sl ~ DataTupe ~ Mame

NOmEnne Imput Data of the Module (D2E000 - 0:6FFF)

O=5000 RECORD IN_GEMERIC
O=01 LIMT IM_GEN_IMT1
Os02 LIMT IN_GEN_IMTZ
Os05 LIMT IN_GEN_IMTS
Ox0d LIMT IN_GEN_IMT4
0s05 EOCOL IM_GEN_Eit1
O=06 EOCOL IM_GEN_Eit2
O=07 EOCOL IM_GEMN_Eit3
0=05 EOCOL IM_GEMN_Eitd
0=09 EOCOL IM_GEMN_EitS
O=0& EOCOL IM_GEMN_Eit6
0:0E EOCOL IM_GEMN_Eit ¥
0=0C BOOL IMN_GEN_Eit3

WO T nne Output Data of the Module [Ox 7000 - 0= 7FFF)

i

1 Double click on the excel file
to open it.

2 Empty the data defined for
the output direction and save
the file.
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Setup - Modify Basic Example infineon
Sending Slave (XMC_ESC_IN) (ffneon

3 Create a new SSC project
gea XMC_ESC_IN - Slave Stack Code Tool and Specify a unique prOd uCt

File  Project Tool Help

Slave Project Navigation Slave Settings Code and deV|Ce name for your

=- XMC_ESC_IN Name Value

-~ Slavelnformation VENDOR_ID (x0000034E
3 ﬁ::del:;re VENDOR_NAME ' boglogies S I ave No d e.

(00000005

- EtherCAT State Machine PRODUCT_CODE

S RO 4 Regenerate the SSC code

s N using the XMC_ESC.xlsx file
you just have modified before.
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Setup - Modify Basic Example Infineon
Sending Slave (XMC_ESC_IN) (feon

| > Open the file XMC_ESC.c of
=y the generated code for
pData pointer to input process data C u Sto m izati O n .

This function will copies the inputs from the local memory to the ESC

T16* pData)

Implement
APPL_InputMapping,
APPL_OutputMapping and
APPL_Application.

memcpy (pData,&( ( (UINT16%)&IN_GENERIC@x6@88)[1]),SIZEOF(IN_GENERICOXGE88)-2); I

pData pointer to output process data

‘\brief This function will copies the ocutputs from the ESC memory to the local
to the hardware

void APPL_OutputMapping(UINT16* pData)
C

I return; I

This function will called from the synchrenisation ISR
281 or from the mainloop if no synchronisation is supported

2 —
283 void process_app(TOBI6@@@ *IN_GENERIC);

2548 void APPL_Application(void)

28500 {

286 process_app(&IN_GENERICExG288);

287Q%
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Setup - Modify Basic Example

6

(infineon.

Sending Slave (XMC_ESC_IN)

L] main.c &3
8- void process_app(TOBJ&R88 *IN_GENERIC)

2 o0
ea [
e

static uint8_t slowdown=8;
static uint8_t count=8;

s lowdown++;

if (slowdown==188)
1
count++;
slowdown=0;

h
IN_GENERIC->IN GEN Bitl=count&@xl;

IN_GEMNERIC->IN_GEN_Bit2=(count>>1)&8x1;
IN_GEMNERIC->IN_GEN_Bit3=(count>>2)&8x1;
IN_GEMNERIC->IN_GEN_Bitd4=(count:>>3)&8x1;
BitS=(count>>4)808x1;

)

)

)

IN_GEMERIC->IN_GEN

IN_GEMNERIC->IN_GEN_Bit6=(count»>5)&8x1;
IN_GEMNERIC->IN_GEN_Bit7=(count>>6)&8x1;
IN_GEMNERIC->IN_GEN_Bit8=(count:»>7)&Bx1;

6 Open the main.c file.

Inside the function process_app
create some input data for
sending it to the receiving
node.

Here a 8-bit counter is mapped
to the eight binary inputs.

7 Erase the flash of the sending
EtherCAT™ node (XMC4800
Relax Kit)

8 Build and download the
software to the sending
EtherCAT™ node.
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Setup - Modify Basic Example

1

2

(= S5C

= Src

X| Infineocn_xM CiAT_SSC_CD nfig.xml

(infineon.

Receiving Slave (XMC_ESC_OUT)

EF] XMC_ESC xlsx

den - ObjectCade - Sl = DataType = MName
rrrl

NOH T rns Output Oata of the Madule (047000 - 04 FFFF]

0= 7000 RECORD OUT_GEMERIC
0=01 INT OUT_GER_IMT1
0=02 IMT OUT_GER_INTZ
0s03 IMT OUT_GER_INT3
00 IMT OUT_GER_INT4
0=05 BOOL OUT_GEM_Eit
0=06 BOOL OUT_GEMN_Bir2
0=07 BOOL OUT_GEMN_Bir3
0=05 BOOL OUT_GEMN_Bird
0=03 BOOL OUT_GEN_BirS
O=08 BOOL OUT_GEMN_BitG
0=08 BOOL OUT_GEMN_Bit7
0=0C BOOL OUT_GEMN_Eit5

1 Double click on the excel file
to open it.

2 Empty the data defined for
the input direction and save the
file.
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Setup - Modify Basic Example Infineon
Receiving Slave (XMC_ESC_OUT)

3

By XMC_ESC_IN - Slave Stack Code Tool

File  Project Tool Help

Slave Project Navigation

=- ¥MC_ESC_OUT
- Slavelrformation

- (Genernic
- Hardware
- BtherCAT State Machine
- Synchronisation
—I- Application

. ProcessData
- Mailbox

- Compiler

Slave Settings

Name
VENDOR_ID
VENDOR_MAME
FRODUCT_CODE
REVISION_NUMBER
SERIAL_NUMBER
DEVICE_FROFILE_TYPE
DEVICE_NAME

Value
(x0000034E

Infineon Technalo:

(00000006

(k0
(k0

l XMC_ESC_OUT

i

3 Create a new SSC project
and specify a unique product
code and device name for your
slave node.

4 Regenerate the SSC code
using the XMC_ESC.xlsx file
you just have modified before.
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Setup - Modify Basic Example (infineon
Receiving Slave (XMC_ESC_OUT)

> Open the file XMC_ESC.c of
S the generated code for
i InP'.-:ill copies the inputs from the local memory to the ESC me Cu Sto m izatio n .

| XMC_ESC.c 52

This func

Implement
s APPL_InputMapping,
it e o n . APPL_OutputMapping and
" APPL_Application.

\param

\brief This function

This function will called from the synchronisation ISR
or from the mainleop if no synchronisatien is supported

'void process_app(TOB]7@@@8 *OUT_GENERIC);
284-fvoid APPL_Application(void)

process_app(&0UT_GENERICEx7@@@);
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Setup - Modify Basic Example

6

& main.c i3

(infineon.

Receiving Slave (XMC_ESC_OUT)

165 void process _app(TOBI78@8 *OUT_GENERIC)

/* Check bitfield se

112 XMC_GPIO SetOutputlLeve
113 XMC_GPIO SetOutputleve
114 XMC_GPIO SetOutputleve
115 XMC_GPIO_SetOutputlew
116 XMC_GPIO SetOutputlLeve
117 XMC_GPIO SetOutputleve
118 XMC_GPIO SetOutputleve

} XMC_GPIO_SetOutputleve

/* QUTPUT PROCESSING */

tfiel t by maste
1(P_LED1,
1(P_LED2,
1(P_LED3,
el(P_LED4,
1(P_LEDS,

1(P_LEDS,
1{P_LED7,
1(P_LEDB,

r OUT_GEN_Bitl..8 and set LEDs accordingly */
MAP2LEVEL (OUT_GENERIC->0UT_GEN_Bit1));

MAP2LEVEL (OUT_GENERIC->OUT GEN_Bit2));

MAP2LEVEL(QUT_GENERIC->QUT_GEN
MAP2LEVEL(OUT_GENERIC->0OUT_GEN_Bit4));
MAP2LEVEL (OUT_GENERIC->0UT_GEN_Bit5));
MAP2LEVEL (OUT_GENERIC->OUT GEN_Bit6));
MAP2LEVEL(QUT_GENERIC->0UT_GEN
MAP2LEVEL(OUT_GENERIC->0UT_GEN_Bits));

Bit3));

Bit7));

=

6 Open the main.c file.

Inside the function process_app
map the eight binary outputs
this EtherCAT node receives to
the available LEDs on the
XMC4800 Relax Kit.

7 Erase the flash of the
receiving EtherCAT™ node
(XMC4800 Relax Kit)

8 Build and download the
software to the sending
EtherCAT™ node (XMC4800
Relax Kit).
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How to test — start the TwinCAT 3 master and (ﬁﬁneon
scan the bus

oD
1 File Edit View Project Build Debug TwinCAT PLC Tc — ACTIONS

i JI”#\OIGG" |
m &[5z (=c2=

Solution Explorer x

- After starting the TwinCAT
s System Manager from

MOTION

windows start menu:

g
1" Right Click I/O-Devices
and select ,Add New Item..."

2 Insert Device “ 2 Create an EtherCAT
e master device by double click

Ctrl+5Shift+A

== EtherCAT Automation Protocol (Network Variahles)
il EtherCAT Autamation Protocol lvia ELBBO1, EtherCAT
-5 EtherCAT Simulation

¥ Ethernet

=% Profibus DP

&% Profinet

€in CANopen

== DeviceMet

= EtherleylP TargetType

#1 SERCOS interface ® PCanly

o Beckhoff Lightbus N

-a! USB () CXonly

2 Beckhoff Hardware )BXonly

 Miscellaneous N

Al
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How to test — start the TwinCAT 3 master and (ﬁ{ﬁneon

scan the bus

Genera || Adapter | EtherCAT | Online | CoE - Online

(®) Network Adapter

(®)0S (NDIS) Pl () DPRAM
Description: LAN-Verbindung (TwinCAT-Intel PCI Ethernet Adapter (Gigabit))
Device Name: \DEVICE\{44658C39-F4B6-430B-95AE-616E0DCEEEES)
Search...
MAC Address: 3863 bb b6 04 60 Compatible Devices...
IP Address: 169.254.115.19 (255.255.0.0)

[ ]Promiscuous Mode (use with Wireshark only)
[Jvirtual Device Names

(") Adapter Reference

4 e
e -
‘i—‘v Device| .~ "_'l
= VLN Item...

1Tiat
% Imaq 2 Add Existing Item...

2 Syn¢ X Remove
Inpu
. Outy Change Netld..

> @ Info Save Device 1 (EtherCAT) A:
&% Mappings,
a5 Viapping Append EtherCAT Cmd

Append Dynamic Container

Online Reset

Online Reload

@ ACTIONS

3 Select the network adapter
you want to use (search and
select).

Application hint:

In case the device is not
found please install the
respective device driver by
following the instructions
given by TwinCAT through
the ,Compatible Devices..."
button.

4 Right Click EtherCAT
master and select ,Scan
Boxes..."
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How to test — start the TwinCAT 3 master and (iﬁﬁneon
scan the bus

1 _
a F /o
4 "% Devices
4 |= Device 1 (EtherCAT)|

*® Image
*® Image-Info

2 SyncUnits

Inputs
- 1 Outputs
- & InfoData

-+ B Box 1 (XMC_ESC_IN)
- B Box 2 (XMC_ESC_OUT)

&% Mappings

/@) OBSERVATIONS

1 Both slaves appear as a
node on the EtherCAT master
bus. Take a note that the
topology is mandatory. So
Box1l must be the sending
slave (XMC_ESC_IN) and Box 2
must be the receiving slave
(XMC_ESC_OUT).

2' The RUN-LEDs of both slave
nodes are flashing indicating
PREOP-state

Copyright © Infineon Technologies AG 2016. All rights reserved.



How to test — Link sync managers and PDO (iﬁf'i’neon
data of sending and receiving node

@ ACTION
1

Solution Explorer Ml Ultralowlatency X
g )
= General | Adaptd | EtherCAT | Qiine | Co - Online
- Solution ‘UltraLowlLatency’ (1 project)
4 ol UltraLowLatency Netld: 169.254.25213.2.1 Advanced Settings...
- |l sYSTEM
MOTION Export Configuration File...
ol PLC
.'5,-3 SAFETY l Sync Unit Assignment... ]
Cet Topology...
“ 1/0
p .
== Device 1 (EtherCAT) Fra.. Cmd Addr Len WC  SyncUnit Cycle(.. Utilization(.. Size [Duratic
IERE o LRD Ox09000000 1 4.000
+0 Image-Info .D LWR 0xD1000000 9 1 <default> 4.000
- . o LRD (xD1000800 9 1 <default=  4.000
+ & SyncUnits
.D BRD 0x00000x0.. 2 2 4.000 022 85/8.72
Inputs
022 w
> [ Qutputs
» @ InfoData < >

1" Open window to interconnect the sync managers of the
recelving and sending slave
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How to test — Link sync managers and PDO (ﬁﬁheon
data of sending and receiving node

LEuics Se Lot QK Device Sync Unit Name Repeat.. Task

I Box1(<MC_ESC_IN) 525 <cisfaul> N=ROERIVIaN-LIauY, Sis —

T T ] l Box?2 (<MC ESC OUT) _ 525 <dafeul> e
Apply Apply

b Predefined Sync Unit Names: Forced Sync Unit Tasks: W Sync Unit Names: P Predefined Sync Unit Names: Forced Sync Unit Tasks: e

Add Delete Add Delete

2 Assign the Sync Unit Name ,,__ S2S__ " to the sending slave

3 Assign the Sync Unit Name ,_ S2S__ " to the receiving slave
4 Confirm with OK button
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How to test — Link sync managers and PDO (ﬁﬁneon,
data of sending and receiving node

5 > = Uutputs
- @ InfoData
B8 Box 1 (XMC_ESC_IN)
% |N_GEN_ INT1
# IN_GEN] ~ Change Link...
# IN_GEN, Tear e
1 IN_GEN. Goto Link Variable
# IN_GEN

Attach Variable IN_GEN_INT1 (Input)

Search: % Show Wariables
(®) Unusad
(O)Used and unused

[CExclude disahled
] A mttbemruEnA

0oMps
[0t by Address

Show Wariable Types

[IMatching Type
Lol cio

Cancel 0K

@ ACTIONS

> Right Click the first PDO
data item ,IN_GEN_INT1" of
the sending slave and select
»Change Link..."

6 Unselect ,Exclude same
Image"™ and select ,All Types'
to visualize the PDO data
items of the receiving slave.

\
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How to test — Link sync managers and PDO (iﬁf'i’neon
data of sending and receiving node

& ACTIONS

: i i m
C B Fr0CH > G 16200, UINT [20] [¥JExclucs sthr Devices 7 Se | eCt the fl rSt d ata Ite

L FimQWetl > OB 15220, UINT [2.0] [ Exclude same Image

B DevCrl > QB 16340, UINT[20]

Elr.l:f OUT_;}EN_\NT] > GB350, UINT [2.0] I Ez!::;:?’:zs Y74 I N_G E N _I N T 1 " Of t h e

Chua— it iy Show Variable Types
E- OUT_GEMN_INT3 » QB 430, UINT [2.0]

. . .
=Gl e receiving slave and confirm
-H OUT_GEN_Bit! > QX470 BIT[01] ¥ Maiching Size

E- OUT_GEM_Bit2 > QX471 BIT[0.1] [V] Al Types .
- OUT_GEN_Bit3 > Qx47.2 BIT[0.1] Array Made W It h O K
-Er OUT_GEN_Bitd > 0x47.3 BIT[01]

E- OUT_GEMN_Bits > QX474 BIT [0.1] Offzets
- OUT_GEN_Bits > QX 47.5 BIT[0.1] e
[
[

Search: % Show Wariables
@‘ Unused
S égo o () Used and unused
- ces
E14% Device 1 (EtherCAT) [ |Exclude disabled

uuuuuuuuu

E UGN o > Gx7.8TD N Clshow Diaog 8 :
- ! |_Bi A
“ariahle Name / Comment Proceed W Ith ste p 5 a n d 7
! Hand owver

| Hree o for all PDO data items of the
sending slave. By this all PDO
data of the sending slave is
linked to the receiving slave.
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How to test — Link sync managers and PDO (ﬁﬁneon,
data of sending and receiving node

Ve /@) OBSERVATIONS

4 [ QOUT_GENERIC process data mz

DUT_GEN_INT1 1 The icons of the PDO data

DUT_GEN_INT2

DUT GEN INT3 items of the receiving slave

DUT_GEN_INT4 > _
DUT_GEN_Bit1 now indicate the linkage to the
DUT_GEN._Bit2 :

DUT_GEN_Bit3 sending slave.

DUT_GEN._Bit4

DUT_GEN._Bit5

DUT_GEN._Bit6

DUT_GEN._Bit7

DUT_GEN_Bit8

PEREIRIYBRYES
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How to test — Monitor the PDO data sent from (ﬁﬁheon
the first node to the second node

@ ACTIONS

Activate the configuration and confirm all further pop-ups until the
network runs in free run mode.

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

g pgsrigr g N e Y R A= TwinCAT RT (x64)
P e ﬂ|@'_, \G|I’Q ||<Loca|> ‘,E 4| |

@OBSERVATION
The 8-bit counter implemented inside sending node is represented on
the eight LEDs of the receiving node. §
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Further readings @

Some background on the EtherCAT™ protocol you can find here:

Moving up to Industrial Ethernet: The EtherCAT protocol
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https://download.beckhoff.com/download/press/2008/english/Industrial_Ethernet_Book_452008.pdfhttps:/download.beckhoff.com/download/press/2008/english/Industrial_Ethernet_Book_452008.pdf
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