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This document describes the setup and operation of the
EtherCAT® programmable logic controller (PLC) master
reference platform on Freescale’s TWR-P1025 tower system
hardware platform, where EtherCAT refers to the industrial
Ethernet protocol. The demonstration shows a complete PLC
implementation on the TWR-P1025 module.

NOTE

The PLC firmware is
configured to require a board
reset after four hours of
continuous operation. After
the reset, the PLC firmware
functions as expected for the
next four hours. The offline
tools are limited to a
maximum of four slaves

1 Benefits of the PLC reference
platform

The programmable logic controller (PLC) reference
platform is equipped to ease development of industrial
control systems. The PLC reference platform implements the
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Benefits of the PLC reference platform

KPA (koenig-pa GmbH) EtherCAT Master protocol with 1ISaGRAF Firmware and QNX Neutrino® RTOS
on the high-performance Freescale QorlQ P1025 processor. It is supported by powerful development tools
from all four companies, including the KPA EtherCAT Studio, ISaGRAF 6 Workbench, QNX
Momentics® Tool Suite, and Freescale CodeWarrior Development Suite.

For more information, see the EtherCAT PLC Reference Platform for QorlQ Processors page on
freescale.com.

1.1

PLC reference platform diagram

This figure shows an overview of the PLC reference platform.

1.2
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Figure 1. Programmable logic controller reference platform

Features of the PLC reference platform

Features of the PLC reference platform include the following:

Integrated ISaGRAF Firmware, KPA EtherCAT Master stack and QNX Neutrino RTOS on the
QorlQ P1 Tower module

EtherCAT master protocol and customer control application run simultaneously on a single QorlQ
P1025 processor to deliver one millisecond EtherCAT master cycle time

QorlQ P1 processors can also provide simultaneous support for complex applications, as well as
additional industrial protocols like PROFINET, PROFIBUS and EtherNet/IP™

Powerful development tools include the KPA EtherCAT Studio, 1ISaGRAF 6 Workbench, QNX
Momentics Tool Suite, and Freescale CodeWarrior Development Suite

ISaGRAF 6 Workbench and Firmware kernel can fully support all IEC 61499 and IEC 61131-3
standard PLC programming languages

Software and hardware developed on TWR-P1025 can be easily deployed on a range of QorlQ P1
processors, including the P1012, P1021, P1016 and P1025 processors

Customers may distribute processing functions across two cores, or isolate real-time control
functions on one core while running maintenance and communications functions on the other core.
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Before you begin

2 Before you begin

This section outlines the materials needed to complete the setup and offers a list of additional resources.

2.1 What you need

2.1.1 Required components

The table below provides an overview of the components required for PCL evaluation. For the location of
the downloads, see Table 2-2, “Required downloads.” The customer must supply the following items:
NOTE
The USB flash drive must be compatible with the U-Boot version on the
TWR-P1025.
* 4GB USB flash drive
» Electrical wire
» Two Ethernet cables (RJ45)
o +24V power supply
*  TWR-P1025 box, which includes the following:
— TWR-P1025 module
— USB cable
— +5V power supply

Table 2-1. Required components

Supplied via... Required components

TWR-P1025 box —

...... -
Q E +5vPsw
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Table 2-1. Required components (continued)

Download QNX Neutrino RTOS
(see Table 2-2)

KPA EtherCAT master

ISaGRAF PLC firmware

ISaGRAF 6 Workbench (includes the KPA EtherCAT
studio)

TeraTerm

USB-to-UART driver (FT2232)
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2.1.2 Required downloads

In Section 3, “Set up the PLC reference platform,” you are prompted to download the following items.
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Set up the PLC reference platform

Table 2-2. Required downloads

Item Location

EtherCAT | Beckhoff EK1100 EtherCAT coupler | beckhoff.com/english.asp?ethercat/ek1100.htm
target slaves

Beckhoff EL1004 4-channel digital beckhoff.com/english.asp?ethercat/el1004.htm
input terminal 24 V
DC, 3 ms

Beckhoff EL2004 4-channel digital beckhoff.com/english.asp?ethercat/el2004.htm
output terminal 24
VDC,05A

Beckhoff EL9011 end cap beckhoff.com/english.asp?ethercat/el9011.htm

PLC reference platform offline tools (ISaGRAF 6 | gnx.com/goplc
Workbench, including KPA EtherCAT studio) and the
TWR-P1025 PLC runtime environment

TeraTerm for RS232 communications ttssh2.sourceforge.jp

USB-to-UART driver for console port (FT2232) ftdichip.com/Drivers/VCP.htm

QNX Neutrino RTOS gnx.com/partners/plc_reference.html

2.2 Additional resources

For additional help, contact the appropriate party listed in the table below.

Table 2-3. Additional resources

Company Supported area Link Contact

Freescale | TWR-P1025 freescale.com/goplc ethercat@freescale.com
freescale.com/twr-p1025

ISaGRAF |  1ISaGRAF 6 workbench and | isagraf.com/pages/products/Isagraf/ethercat.htm support@isagraf.com
PLC firmware
¢ PLC reference platform demo

Koenig PA | EtherCAT and stacks koenig-pa.com/?p=news_ethercat_qoriq_details support@koenig-pa.com

QNX QNX neutrino and stacks gnx.com/partners/plc_reference.htmi sales@QNX.com

3 Set up the PLC reference platform

This section shows how to assemble the hardware and software components required to evaluate the PLC
reference platform (PLC). See the figure below for an overview of the complete PLC evaluation setup.

The main hardware modules are as follows:

TWR-P1025 This module houses the PLC runtime, which executes the application.
Target slave devices  This module provides the application with something to control.
Windows PC This module runs the offline tools.

P1025 EtherCAT® PLC Master Reference Platform User Guide, Rev. 0
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Set up the PLC reference platform
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Figure 2. Overview of the PLC reference platform evaluation setup

3.1 Connect the hardware

Follow these steps to set up the PCL reference platform for evaluation.
1. Setthe TWR-P1025 configuration switches as shown in the figure below.
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Set up the PLC reference platform
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Figure 3. TWR-P1025 switch settings

2. Set the slice order of the target slaves as shown in the figure below, where the slaves appear from
left to right as follows: EK1100, EL1004, EL2004 then EL9011.
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Figure 4. Slice order of target slaves

3. Construct the target slave devices by establishing the power connections shown in the figure
below.
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Set up the PLC reference platform
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Figure 5. +24V DC power supply connections for target slave devices

4. Establish data connections between the target slave devices, TWR-P1025 and the Windows PC.
Note that Figure 6 shows only the data cables.

Connect USB flash drive
(contains bootable image of PLC)

Ethernet cable

Connect Ethernet
cablefrom TWR-P1025
to PC for offline tools

EtherCAT +
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from TWR-P1025 to

PC for console port
(UART over USB)

Figure 6. Required data connections
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Set up the PLC reference platform

3.2 Download and install the software

After you connect the hardware, follow these steps to download and install the software. For a complete
list of the required downloads and their location on the Internet, see Table 2-2.
NOTE
The steps for installing the ISSGRAF tools are provided as a guide. For the
official ISSGRAF instructions, see the ISaGRAF installation package.
1. From the Windows PC, download and install the USB-to-UART driver for console port and the
terminal emulation program TeraTerm for RS232 communications.
2. Download and install the ISaGRAF 6 Workbench for offline tools.
a) Extract and open the installation folder. Review the extracted “Readme” file.
b) To start installation, double-click the Autorun application.

\J\/ [0 » KPAStudio6.1 Full 11.259) » ~ [ 43| [ Search kPa Studio 6.1 Full (1.1.259 )

File Edit View Tools Help

Uninstaller
Word Viewer

L 00409

| autorun.aru

[ Autorun

% Computer [ sutorun

&, primary (C) 4 Autorun

|| BugFixed
€ Network & Company

= datal

| dataLhdr

= data2

| I1SaGRAF Version

33 items

Figure 7. Choose the Autorun application to start installation

c) On the menu screen, double-click ISSGRAF 6.1 to start installing the tools. The license
agreement screen appears.

P1025 EtherCAT® PLC Master Reference Platform User Guide, Rev. 0
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Set up the PLC reference platform

D 15aGRAF EULA
Pre

Access our web site

@ E-mail tech support

- & Utilities

E Browse CD/DVD

f Exit installation

Install ISaGRAF 6.1 Workbench software

Copyright 2012 ICS Triplex ISaGRAF Inc.

Figure 8. ISaGRAF Installation Menu

d) To accept the terms of the license agreement, select the appropriate radio button and click
Next. The Setup Type screen appears.

I5aGRAF

Setup Type
Select the zetup type that best zuits pour needs.,

Click the type of setup you prefer.

Drezcription

Typical installation having default
features and paths.

Inztalls hield

[ < Back ]l Mewst = I [ Cancel ]

Figure 9. Setup Type screen

e) On the Setup Type screen, select Complete and click Next. The setup application determines
whether there are other support elements that need to be installed. When the installation is
complete, an ISaGRAF icon appears on the desktop.

Once the software is loaded, follow the directions in Section 3.3, “Build the USB flash drive for use on
TWR-P1025,” to build the USB flash drive necessary for evaluating the PCL reference platform.

P1025 EtherCAT® PLC Master Reference Platform User Guide, Rev. 0
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Set up the PLC reference platform

3.3 Build the USB flash drive for use on TWR-P1025

To build the USB flash drive, perform the following steps.
1. Download the PLC reference platform runtime software and extract the files along with the
directory structure to a Windows PC.
2. To format the USB flash drive, insert the drive into a USB port on the PC and perform the
following:
a) From Windows Explorer, right-click on the USB drive and select Format.

=8
@.\%-}v.-‘ » Computer » v-iv;--l e omput o

Organize = Eject Properties System properties Uninstall or change a program » == - Tl (7]

¢ Favorites 4 Hard Disk Drives (1)

= Desktop Primary (C:)

§ Downloads .E" - —

.| Recent Places AL

4 Devices with Removable Storage (2
a Libraries Remowvable Disk (E:)
s Documents =] OVD RW Drive (D:) -
—

@' Music - v Open

=) Pictures 4+ Network Location (2) Open in new window

B videos ) FCL_LIB (\\10.137.3.195) (Q4 S Tor Masesn

o E—— o
e .. 125 GB free of 187 G -—'» Share with r
/& Computer
Open as Portable Device
*il Metwork & Combine supported files in Acrobat...
@ WinZip 3

. Remavable Disk (E:) Spacgfised: Total siz
- Barrevrabls Ml c = free: 125 MB Eile svstem Format...
Eject
Cut

Right Click on drive Copy

Create shortcut

Select Format

Rename

Properties

Figure 10. Select Format to format the USB drive

In the dialogue box that appears, under File System, select FAT32 and click Start. A warning that you are

about to overwrite the disk appears.
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Set up the PLC reference platform
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e V| Quick Format

Select FAT32

Click Start

Figure 11. Choose the FAT32 file type

b) Click OK. The USB flash drive is ready to run scripts.

3. Add runtime scripts to the newly formatted USB flash drive

a) Navigate to .../PLC_Reference_Platform/Software-TWR-P1025.

b) Copy the file bsp-freescale-p1025-twr.ifs and the directories Lib and 1SaGRAF, including

their contents, to the USB flash drive.
NOTE
The Lib directory must start with a capital letter.
4. Ensure that the files listed in the following table are on the USB flash drive.
Table 3-4. Files required on the USB flash drive

File type File name

Boot file containing PLC runtime environment | bsp-freescale-p1025-twr.ifs

P1025 EtherCAT® PLC Master Reference Platform User Guide, Rev. 0
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Table 3-4. Files required on the USB flash drive (continued)

Set up the PLC reference platform

Executable binaries

\isagraf\ETCP
\isagraf\EtherCATMaster
\isagraf\lsaEcat
\isagraf\1SaGRAF
\isagraf\lsaRSl
\isagraf\lsavM

Shared libraries

\Lib\EtcpCmon.so
\Lib\IKvbEtcp.so
\Lib\IKvbHsd.so
\Lib\IsalOEcatDriver.so
\Lib\Isalxd.so
\Lib\IsalXL.so
\Lib\IsaKer.so
\Lib\IsaKerC.so
\Lib\IsaNwl.so
\Lib\IsaSrv.so
\Lib\IsaSys.so
\Lib\IsxlEtcp.so
\Lib\IsxlHsd.so
\Lib\IsxIRsi.so
\Lib\IsxsEtcp.so
\Lib\IsxsHsd.so
\Lib\IsxsRsi.so
\Lib\1SysSoc.so
\Lib\RsiCmon.so

Safely remove the USB flash drive from the PC and plug it into the TWR-P1025. The USB flash drive now
contains the software required to run the EtherCAT PLC reference implementation on the TWR-P1025.

3.4 Configure the static IP addresses on the PC

To allow communication between the devices, the TWR-P1025 and the PC must be on the same subnet.
The option shown below uses a fixed IP address for the PC. To configure the static IP addresses on the PC,

follow these steps:

1. Open the Control Panel on the Windows PC and, to open the Network and Sharing Center,

double-click on its icon.

P1025 EtherCAT® PLC Master Reference Platform User Guide, Rev. 0
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Set up the PLC reference platform
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2. Double-click on Change Adapter Settings.

Figure 12. Open the Network and Sharing Center
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Set up the PLC reference platform
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Figure 13. Open Change Adapter settings

3. Right-click on the network connection linked to the TWR-P1025 and select Properties. The Local
Area Connection Properties window opens.

'|IF ¢ Control Panel » Network and Intermet » Metwork Connections » - 1&, || Search Network Connections
Organize = Disable this network device Diagnose this connection Rename this connection View status of this connection 3 7 .

|| Bluetooth Network Connection - Cisco AnyConnect Secure Mobility — | Local Area Connection
Mot connected &"‘- Client Connection 4 freascale.net

x g Bluetoaoth Device (Personal Area .. ﬂ Disabled i@’ Intel(R) 825751 @ Disable
Mware Network Adapter ViMnetl VMware Network Adapter T Wireless Netw Status
Unldeﬂtlf:ed network Unldentlfle:l network - Mot connecte: ;
@7 \Mware Virtual Ethemnet Adapter ... @ VMware Virtual met Adapter .. 3 d Intel(R) Centri Diagnose

# Bridge Connections

Create Shortcut
Delete
#) Rename

/ﬁ“ Properties

Figure 14. Open the Local Area Connection Properties window

4. Select Internet Protocol Version 4 (TCP/IPv4) and use the following information to complete the
fields in the Internet Protocol Properties dialog box.

P1025 EtherCAT® PLC Master Reference Platform User Guide, Rev. 0
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Set up the PLC reference platform

@ Local Area Connection Properties

Networking | Sharing

Connect using:
lj." Intel(R) 82579LM Gigabit Metwork Connection

This connection uses the following items:

9% Cliert for Microsoft Networks

g\-"l‘dware Bridge Protocol

Bl 0305 Packet Schedulsr

Q File and Printer Sharing for Microsoft Networks
i |mtemet Protocol Version 6 (TCP/IPvE)

P8 Intemet Protocol Wersion 4 (TCP/1Pw4;
i Link-Layer Topology Discovery Mapper 140 Driver
4. Link-Layer Topology Discovery Responder

Install.. Uninstall Properies

Description
Transmizssion Control Protocol/Intemet Protocol. The default
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across diverse interconnected networls.

| oK || cance |

Figure 15. Open the Internet Protocol Version 4 Properties window

a) Select the radio button next to Use the following IP address.
b) Enter 192.168.10.54 for the IP address.
c) Enter 255.255.255.0 for the Subnet mask. Click OK.

P1025 EtherCAT® PLC Master Reference Platform User Guide, Rev. 0
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Set up the PLC reference platform

Internet Protocol Version 4 (TCP/IPvd) Properties @

General

You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

Obtain an IP address automatically
@ Use the following IP address:

IP address: 192 . 168 . 10 . 54
Subnet mask: 255,255 .255. O
Default gateway:

Obtain DNS server address automatically
@) Use the following DNS server addresses:
Preferred DNS server:

Alternate DMS server:

Validate settings upon exit | Aduanesies |

[ Ok ]| Cancel |

Figure 16. Enter the TCP/IPv4 Properties

To enable communication between the offline tools and the PLC runtime environment on the TWR-P1025,
the user may now connect the top Ethernet connector of the TWR-P1025 to the Ethernet port of the PC.

3.5 Configure the TWR-P1025 to autoboot from a USB flash drive

The TWR-P1025 U-Boot supports multiple methods of booting. Usually it boots a version of Linux from
the on-board flash. However, to allow booting from the USB flash drive created in Section 3.3, “Build the
USB flash drive for use on TWR-P1025,” the user must change the boot option in U-Boot. To change the

boot option and enable communication, the user must connect a terminal to the console port of the
TWR-P1025.

Before performing the following steps, ensure that the USB-to-UART driver is installed and the USB cable
is connected between the TWR-P1025 mini USB connector and the Windows PC. Because the console
port on the TWR-P1025 uses UART-to-USB transport, configuration of these ports as RS232 is only
realized when the USB is connected; otherwise, the Windows operating system does not see them. To
check installation, go to ftdichip.com/Drivers/\VCP.htm.

To configure the TWR-P1025 to autoboot from a USB flash drive, perform the following steps.
1. Connect the PC to the TWR-P1025 console port.

2. Start the terminal emulation program and configure it to join the USB-RS232 port connecting the
TWR-P1025, as shown in Figure 17.

P1025 EtherCAT® PLC Master Reference Platform User Guide, Rev. 0
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Set up the PLC reference platform

rTera Term: Mew connection @1

TCPAIP myhost.example.com

History

Telnet 22

S85H 85H2

Other

UNSPEC
o Seriak Port: [COMS: USB Serial Port [COM5) -
I 0K | | Cancel ‘ | Help |

Figure 17. Selecting the serial connection [Tera Term]

3. Inthe Tera Term: Serial Port setup window that appears, enter the COMs settings shown in
Figure 18 below.
*. COM5:115200baud - Tera Term VT Tera Term: Serial port setup @
File Edit | Setup | Control  Window Help
: Terminal... Port: |COM5 '| . 0K |
mcw: Baud rate: 115200~ '
Font... R [RFTEETRRTFERETITl
e Data: |8 bit - ‘ Cancel ‘
Serial port... Parity: |nune v|
Prmy Stop: |'||JI17'| ‘ Help ‘
SSH... .
SSH Authentication... Flow control: |r"me '|
SSH Forwarding...
Transmit delay
S5H KeyGenerator...
TCP/IP... 0 msecichar 0 msecfline
General...
Additional settings...
Save setup...
Restore setup...
Load key map...
Figure 18. UART COMs settings [Tera Term]
4. Connect +5V PSU to TWR-P1025. The terminal emulation displays the U-Boot booting
sequence.
5. When Hit any key to stop autoboot appears, select a key to stop in U-Boot.
6. Set the bootcmd argument for boot from the USB flash drive.
7. On the command line, enter the setenv command below, followed by the saveenv command.

setenv usb_phy_type ulpi;usb start;fatload usb 0:1 0x100000
bsp-freescale-p1025-twr.i1fs;go 0x100000

saveenv

When the TWR-P1025 is configured, the user may evaluate the PLC reference platform.

P1025 EtherCAT® PLC Master Reference Platform User Guide, Rev. 0
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Evaluate the PLC reference platform

4 Evaluate the PLC reference platform

This section shows how to Create an application to manipulate the target slaves and how to Use the
functional block diagram to construct a simple flasher application. Both applications may be used to
evaluate the PLC firmware.

Before building the applications or performing the PLC reference platform evaluations, the user must
complete the following:

» Configure the Windows PC

e Connect the hardware

e Build the USB flash drive for use on TWR-P1025

» Configure the TWR-P1025 to autoboot from a USB flash drive

The offline tools on the Windows PC allow the user to configure and implement the application. These
tools are required to use the PLC reference platform.

4.1 Create an application to manipulate the target slaves

411 Set up a new project

To produce a simple application that runs and controls the target slaves, perform the following steps.
1. Start the ISaGRAF 6 Workbench. A screen similar to the ones shown below appears. Click OK.

This wersion is for evaluation purposes only, Commercial use is skrickly prohibited,

ﬁ Source:  KPA Studio EtherCAT Trial for freescale
Time: 01/11/2012 11:55-44 456ms
1D TOO099

Emor parsing ESl file "C:\ProgramData\KF A\EtherCAT
Studioslavelib\Beckhoff ELJooc xml™. Reason:
attribute "DScale” is defined for the signal "Value™ of
the channel "Al Inputs Channel 1" in spite of the sign__.

OK

& Source:  KPA Studio EtherCAT Trial for freescale @
Time: 02/11/2012 11:23:38 123ms
1D T0OOS9

Emor parsing ES file "C:-\ProgramData\KPA\EtherCAT
Studicslavelib\Beckhoff EL3woocxml™. Reason:
attribute "DS5cale” is defined for the signal "Value™ of
the channel "Al Inputs Channel 2" in spite of the sign...

OK

Figure 19. Non-commercial screen

2. Select New Project.
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3. Expand CAM Projects and select ISaGRAF 5, as shown in the figure below.

Mew Project @
Sort by: [DEfauIt - | Search Installed Templates P |
Type: CAM Project
(G, 1saFREE_TPL CAM Projects ype rojects
W i Template for QNX 6.2 and above with
1SaGRAF installed templates N QNX 523 L ECAT Sl s F-thE"CE_t support /486
Version 1 5.23
= . . Memory Model : Large
‘.f..’ simulator CAM Projects Implementation : Multi-Task

Features supported:
- EtherCat protocol enabled

Location: chusersittzl25h docurmnentshisagraf 6.14Projects - Erowse... |
Solution: [Create new solution - |
Solution name: PLC Test 01 Create directory for solution

Figure 20. Set up the new project

4. Select QNX 523 L_ECAT and enter project name PLC_Test_01 in the name field. Click OK.

4.1.2 Configure the remote master

Use KPA studio, which is incorporated in the ISSGRAF 6 Workbench, to configure the PLC reference
platform. To configure the remote master, first obtain the IP address for TWR-P1025.

1. To obtain the IP address of the TWR-P1025 in use, go to the console widow (TeraTerm) connected
to the TWR-P1025 and at the number sign prompt (note: hit any key to produce the #), enter the
following command, as shown in the figure below: ifconfig tseco

P1025 EtherCAT® PLC Master Reference Platform User Guide, Rev. 0
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COMS115200baud - Tera Term VT =l
Eile Edn  Setup Contrel Wedow Help

State error
Going in loop with state: 2
Adapters count :
£ @B : tsecd
Metwork Adapter used: @

Connect master to adapter...

Load xml master configuration...
Opern the “"EtherCATMaster.xml" file.
Master configuration was loaded successfully.
Slave count: 32 ] )
Process image size : Inputs 1 bytels), Outputs 1 byte(s)
Input space create
Qutput space created
Status space created
Request master state: Operational...
Master state: Init
Pre-0Operational
Operationa
Restart master ok
Conf igurat ion Hanager: runnln?
ETCP lsxs - Build £2018.5.Z3.710_(100508)

ISaRSI Isxs - Build 2018.5.23.71@_(122988)

15aRSI Isxs - Driver inactive

QNA-ETHERCAT
Kernel - Build 2018.5.23.718 flﬁEQEE]

{(C) ICS Triplex IS5aGRAF Inc. Z81

Kernel 1: running

if:nnFi? tseclk
% Sr—rrasr=co 34t UP, BROAD h PLEX,MULTICAST?> mtu 1500
capabilities rx=7¢
capabilities tx=0
enabled=
address: P@:cO:0f :Be:20:60
media: Ethernet autoselect (1880Bbasel full-duplex)

statiOs" "act ive
inet 192.168.18.50 hetmask BxffffffBB broadcast 192. 168, 18. 255

Figure 21. Obtain the IP Address of TWR-P1025

2. To open KPA studio, expand Devicel and double-click EtherCAT.
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Solution Explorer B8 X

|,:; Solution 'PLC_Test 01" (1 project)

= Solution Views

orrred

A

|| | Deployment.isadpl |
4 5 PLC Test 01
=8 DataTypes
a LIl Devicel

ey =% EtherCat
[ ' Resourcel

Figure 22. Open KPA studio

3. Select Devicel and, in the Master tab, enter the IP address of TWR-P1025.

KPA Studio B X
Bh—j PLC Test 01 : Master {| Process Image I Distributed Clocks| B
— *ﬁ Devicel 4 1. Connection settings for master server
Host name
Port number 5000
4 2. Master parameters
Master name Devicel
Metwork card tsec?
Initial master state INIT
Cycle time (ps) 1000
Mailbox cycle time (ps 5000
Auto recovery timeout 100

»

m

m

Process image display 1000
Statistics display peric 1000
Ethernet frame max siz 1514

1 [ [a¥ahd

' 1 | b P

|16 Error(s) | |_ﬁll Warning(s) | |k1jlﬂ Message(s) | E= Categorized | [ Acknowledge =

D Time Source Description (selen *

A Tnonag 02112012 11 !J?!:!R|1 3Amis KPA Studin FrherC AT Trial . Frror narcinag FST- 7
4 il [

Studio Qutput | Master Output | Emergenq,r|

Figure 23. Add the TWR-P1025 IP address

In the example below, the current IP address of the PLC Firmware is 192.168.10.50. The PC connected to
the TWR-P1025 Ethernet must be on the same subnet 192.168.10.xxx.

P1025 EtherCAT® PLC Master Reference Platform User Guide, Rev. 0
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4.1.3 Verify the connection between slave devices

To verify that the slave devices are connected, perform the following steps.
1. Right-click on Devicel and select Scan configuration from the drop-down menu.

KPA Studio *A X
"'fgﬁ “ Master | process Image | Distributed Clocks B4
Append Slave (V) N s for master server -
192.168.10.50
€ Attach Master 5000 _
=» Scan configuration | 3
Detach Master Devicel
. tsec? :
Actions * | T -
Tools v | 1000
Import y £ 2000
t 100
Export b —=
E& = 1000
ﬁ Clear Master L 1000
#  Delete Master : 1514 i
Master diagnostic traces — r F
B  Traces 3 —
16 Error(s :j:| E= Categorized | |4 Acknowledge
Properties — j
(] Ice Description (seles *
A Tnonog 0201012 11:73:38 173me< KPA Studin FtherC AT Trial...  Froor narsina FST- ™
€ | mn | [}
Studio Output | Master Output ] Emergenqr|

Figure 24. Scan for the slave devices

2. Click to expand the hierarchy in the left-column, as shown in the figure below.
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KPA Studic *0Ox
- PLC Test 01 Slave | Variables | FMMU/SM [ Init commands =R
Bﬁ [:}E""Cd 4 Slave parameters o
= Slavel (EK1100)
; MName Slave 3 {
- + port: K (E-Bus) Vendor 1D S 0
5§ Slave2 (L1004) snaer (05c2) =
3 Channel 1 Yendeor name Beckhoff| =
w-E2 Channel 2 Type EL2004 4
" Channel 3 Product code 13134651
-E2 Channel 4 Rewvision number 1048576
—_— o8 W Slave 3 (EL2004) Product revision EL2004-0
E Channel 1 Physical address 1003
Channel 2 Autolnc address -2 (DxFFF
Channel 3
w-Ed Channel 4
S5 w
' 1 | 2 ¢
|AﬁError(s:l | |L12 Warning(s) | |L1)Z Message(s) | = Categorized ,—_4 Acknowledge | Clear
] Time Source Description (select the trace line from the list and press “
“| TO0099 0271/201211:23:38 173ms KPA Studin thPrC.ﬂ.TTlrial... Frrar narsina FSI file "CAProoramData\KPA\FtherCAT S 7
[ 1 3
Studie Qutput | Master Qutput | Emergency|

Figure 25. Show the slave devices

41.4 Attach the input and output slave devices

To allow the Workbench in the application downloaded to the PLC to access the slaves, they must be
attached. To attach the input and output slave devices, perform the following steps.

1. Expand PLC_Test_01 and Devicel.

P1025 EtherCAT® PLC Master Reference Platform User Guide, Rev. 0
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2. Right-click on Resourcel and select Slave Management. The ISaGRAF Slaves Management:

Evaluate the PLC reference platform

Selution Explorer -

= | (2]
,:; Solution "PLC_Test 01 (1 project)
4 _ Solution Views
Deployment.isadpl
4 . PLC Test D1
o5 DataTypes
4 LN Devicel
== EtherCat

e w3 W Resourcel

YO Device

— . = Slaves Management

_‘=_|1_- Variable Export/Import

Build

B

Clean
Download

Upload

Add k
Import k
Export *
Cut Ctrl+ X
Copy Ctrl+C
Delete Del

Rename

Password

Properties Alt+Enter

Figure 26. Select Slaves Management option

Resourcel screen appears, as shown in the figure below.
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[SaGRAF Slaves Management: Resourcel * A X
Search

Dewvicel Resourcel
Available slaves Attached slaves

[Slave 1 (EK1100)(EK1100 EtherCAT Coupler (2A E-Bus)) [Slave 2 (EL1004)(EL1004 4Ch. Dig. Input 24V. 3ms) | “
jﬂsmm 2 (EL1004){(EL1004 4Ch_ Dig. Input 24V, 3ms)

|Slave 3 (EL2004)(EL2004 4Ch. Dig. Output 24V, 0.54)

ll

| »
Details

Resourcel

[Slave 2 (EL1004){EL1004 4Ch. Dig. Input 24V, 3ms) |
|CPX_EL1004

Figure 27. Attach the slave devices

3. Attach the slave devices by selecting the applicable device in the left-hand window and clicking
Attach.

41.5 View slave device and global variables information

To optionally display the slave device and global variables information, follow these steps.

1. Open the Solution Explorer window and expand PLC_TEST _01.
2. Expand Devicel.
3.

To display and verify the auto-generated variables for the attached slaves, expand Resourcel and
double-click Global Variables.

P1025 EtherCAT® PLC Master Reference Platform User Guide, Rev. 0
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Solution Explorer
I
m Solution 'PLC_Test_01' {1 project)
4 % Solution Views

__| Deployment.isadpl
4 | PLC Test 01

=5 DataTypes

a Ll Devicel
= EtherCat
F] ! Resourcel
Programs

Global Variables |

> [=dl Lib

Figure 28. Display the global variables

Evaluate the PLC reference platform

4. To view the slave devices, right-click Resourcel and select 1/0 device.
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5.

Sclution Explorer

,_] Selution "PLC_Test 01" (1 project)

Deployment.isadpl

1 PLC_Test 01

=& EtherCat

' Rerniareal

/O Device
Slaves M anagement

Vanable Export/Import

Build
Clean
Download

Upload

Add
Import
Eport
Cut
Copy
Delete

Rename

Password

:2) Properties

Alt+Enter

Figure 29. Open the I/O Device window
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In the Resourcel 1/0 Device window that appears, expand the applicable slave device for more
information, as indicated in the figure below.
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Resourcel I/O Device Tbhx
ﬁ 0: Devicel_Resourcel: ISA_; ETHERCAT; SMP_RD_ - [I]
E|- 2.:‘_Slal.re2 (EL1004)(EL1004 4Ch. Dig. Input 24V, 3ms): Index  Name

ﬁ ;'_ Comment= 0 =uoo

- ] 2 = Pj_rameters
== VendorlD=2{"")

o = ProductCode=03EC3052(*")

ﬁ S RevisionMumber=00100000(**)

o~ &% : I5A_: ETHERCAT : SMP_RD_EL1004

[{L ;:: Comment=

i = = Parameters

& ;' PIOffset=0(")

Dy rﬂﬂ : ISA_: ETHERCAT : SMP_RD_SLAVE_STATUS

=) Comment=
EI S Parameters
= Slaveld=2(") ‘ T '
[]----- 3 Slave 3 (EL2004)(EL2004 4Ch. Dig. Qutput 24V, 0.5; i
Ea Conversion=None
4 T | r

Figure 30. I/0 Device window

4.2 Use the functional block diagram to construct a simple flasher
application

4.2.1 Flasher application definition

This application makes an OUTPUT the inverse of an INPUT. This figure shows the application using the
functional block diagram (FBD).

Figure 31. Simple flasher application
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The figure below shows the shorting connection to the input and output of the physical target slave devices.
This shorting means the output O2 will be the inverse of the input 12 on each scan cycle of the PLC. And
this causes an oscillation reflected by the flashing O2 and 12 status LEDs.

Causesthe 12 and O2 to flash

g
!
-

El
.
SN

Shorting 12 and 02

>Ms >HE Gh"tﬁﬂ'g]qlr;

.‘giﬂ'jll'ﬁl el BT L
[T oz onE 0= >0l =
Foms omm am >ma

Figure 32. Simple flasher connects on target slave devices

4211 Create the functional block diagram

To create the functional block diagram (FBD), follow the steps below.
1. Right-click on Programs and select Add > New FBD: Function Block Diagram.
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Solution Explorer

a | (2]
- Solution 'PLC_Test_01' (1 project)
4 % Solution Views
|| Deployment.isadpl
4 . PLC Test_01
=5 DataTypes
Devicel
== EtherCat
4 I Resourcel

% Programs
—l Gl

4 Lib

Add ' Mew SFC : Sequential Function Chart
Mew ST : Structured Text

= Properties Alt+Enter MNew LD : Ladder Diagram
Mew FBD : Function Block Diagram

Figure 33. Add a new functional block diagram

2. To open the functional block diagram, expand Programs and double-click on Progl.

Solution Explorer * A X

g Solution 'PLC_Test_01' (1 project)
4 % Solution Views
|| Deployment.isadpl
a . PLC Test 01
=5 DataTypes
a LI Devicel
= EtherCat
4 7 Resourcel
4 Programs
—_— ﬁ Progl
D Global Variables
=d| Lib

Figure 34. Open the FDB

3. To display the Toolbox menu, select View > Toolbox.

NOTE

When the layout of the slaves devices is the same as Figure 4, the variable
created (Slave2_Channel_2) matches 12.
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[ PLC Test 01- A ion Collaborative Platform (Admini )
File View | Project Build Debug Format Tools Window Help
BN 1= LTE Solution Explorer Ctrl+Alt+L

Mavigation Window
Deployment View

[@  BlockLibrary
i}
S

Error List Ctri+\  E
% Deploy - Output Ctrl+Alt+0
E¥] StartPage
3> Toolbox Ctrl+Alt+X
Find Results 3
Toolbars 3
= Full Screen Shift+Alt+Enter
E Mavigate Backward Ctrl+-
5 Mavigate Forward Ctrl+Shift+-
f Properties Window F4
|=| Property Pages Shift+F4
|

Figure 35. Display the Toolbox menu

42.1.2 Add variables to the functional block diagram

To add input variable Slave2_Channel_2 BOOL to the functional block diagram, perform these steps.

1.

2.
3.
4

Drag the Variable from the Toolbox into Progl, as shown in the figure below.
In the Global Scope field, click on Resourcel.

Expand Slave_2_Channel_2.

Double-click BOOL.
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] PLC_Test 01 - Automation Collaborative Platform (Administrater) o |[=]=]
File Edit View Fm_pd; Build Debug Tools Window Help
R L I R - e )| S 5 oE 9 &5 5 | Online
i ez g 2 [AlEER[E[i/7A|%% %M.
Toolbox "' Progl-POU xSRI RIET Deployment.izadpl®
# FBD
X ”
o -
1T Bock
<% Jump
= s Variable Sel = =0
1 Comment R, =1 !
#] Label Hame Type Global Local Scope
b Rung Slave_2_Channal_2 - Rasourca 1 - N/A -
|— Left Power.,,
= Right Pow... [ Global Vanables - Rasourcs mm P ;IWAE_-SM _m TTRR 5 m]_] il Bl s = Pisma ar: ‘li.
T Vertical Bar Data Type Dimension | Alias |
<0 Direct Coil - o =] BT
&  Reverse Coil - Stave_2_Channel_1 _T_DIGI_INPUT -
- Set Coli = {Siove 2 Chaneel 2 ‘_-_
€ Reset Coil _?_wl
4F Direct Con.. Slave_} Channel 2L ULINT
* Siave 2 Channel_3 _T_DIGI_INPUT = .
3t et + Siave 2 Channel 4 _T_DIGI_INFUT -
4t Pulse Risin.. % Siave 3 Device Statss  _T_SLAVE_STAT - |
4 Pulse Falli.. Slave_3 Channel 1 BOOL i |
« General Stave_3_Channel 2 BOOL - |
Stave_3_Channel_3 BOOL
There are no Slave_3_Channel_& BOOL
usable controls in + Slave 1 Device Stahss T_SLAVE_STAI -
this group. Drag -
an item onto this |
text to add it to 4 I
the toslbox, - : "
Lok ][ conca ]
N Mo

Debugging color priofity

Figure 36. Add input variable Slave2_Channel_2 BOOL to FBD

5. To add the NOT block to the functional block diagram, drag Block from the Toolbox onto Progl.
6. In the search field of the Block Selector window, type NOT.
7. In the name field, select NOT. Click OK.

P1025 EtherCAT® PLC Master Reference Platform User Guide, Rev. 0

Freescale Semiconductor

33



Evaluate the PLC reference platform

W PLE Test 01 - Automaticn Cellsbaratiee Platherm (Adminstrater)

HOT [PLE Test 02)

Wertical Bas

Direct Coil

Revesse Coil
Sat Codl
Reset Coil
Direct Can.
Feverse C..
Pulse Risin

Pulse Falli_

[
o

enidal

These are no
uzable controls in
this group. Drag
an item crao this
tet toadd A 1o

thee toolbo

— wol
Hame

Ll

MOT_MASK

‘Bockesn operatiors  Assigment of the negation to & Bockean vanable

Binary operstions.  |bit to bit negation

3 Tes..,

Figure 37. Add the NOT Block to the FBD

8. To wire the blocks, select and drag the connection tab of the variable to meet the corresponding

connection tab on the block.
9. To add output variable Slave3_Channel_2 BOOL to FBD, drag Variable from the Toolbox onto

Progl.

10. Select Resourcel and double-click on BOOL. Click OK.
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4.21.3
To connect the variables to the block, perform the following steps.

Evaluate the PLC reference platform

Tioolion

|| ) E R o | Online L

« FBOY
kP
O Varable HOT
M-
0 e e ——— " 878 *
& urg
== Betum
B Cemment uy! Variakle Selector STV s
4] Label Hams Tioa e e
b Fung Sve_3 Chanvel 2 T - WA -
= Ledt Pewer
Fi n
;_' IQMPIC: Global Varisbless - Resource| | Lascal Worsbies - M4 | Symem Viamabies - Resource | | Divecly Rapreserted Varabies - Resours: * | *
Wertical Bas
0 Direct Cod . e —e L
B FReverse Cail . < Slwve 2.8 1 R 2
& aCod Bl = oo 2 Chood 2 _T_DHG1_IKPUT -
4 PRt Coil = Slove_I Channel Y _T_CAGT_INPUT -
4  Direct Con. + Slave_2 Channel 4 _T_CAG1_INPUT -
4 Peverse .. = Have ] Device_States _T_SLAVE_STAT -
Slrva_3_Chasnel 1 BO0L .
+#+  Pulse Risin. - .
Puen Fall — Slarve 3 Chasnel 2 EEE Y I I
el Sizve_3_Channel 3 BOOL -
@ Geneesd Simva_1_ Chaenel_d BOOL .
# Slwva ] Device_Staton _T_SLAVE_STAN -
There are ng -
usalble controls i .
this group. Drag
an tem onto this
bewt b acdd @ o ) |
tthe toolbon -
oo Tod... 1 Cancel :

Figure 38. Add output variable Slave3_Channel_2 BOOL to FBD

Connect the variables to the block

1. Click on the applicable tag and drag it to meet NOT.

2. Save the project.

2. Save Project

E PLC Test_01 - Agtomation Collaberative Platform (Administrator)

File Edit Miew (Broject Build Debug Format Tools Window Help

'||ngﬁ%=

i@ 4 B9 - - F-5 | 5 Fnd
: Bz U X|A|=

]

Toolbox * 0 %

Progl-POU* X EaEifa R

Deployment.isadpl™

Start Page

Pointer
Variable
Block

Jump

Return

Comment

1. Click on tag and drag to connect with “NOT”
Figure 39. Connect variables to block
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4.2.2 Build the application and download it to TWR-P1025

To build the application and download it to TWR-P1025, perform the following steps.
1. To view output messages, click View and select Output.

File Edit wliew | Project Build Debug Tools Window Help
"1~ | &3 Solution Explorer Ctrl+Al+L
® Navigation Window

Deployment View
Toolbox : =

aFeD | G Blocklibrary

kP _:3. Error List Ctrl+\, E

L w5 Output Crl+Alt+0 _[
Bl B Start Page il
1 3 Toolbox Ctrl+ Alt+X :
Ri Find Results r
c Toolbars 3
L @ Full Screen Shift+Alts Enter

Ri
Vi = Properties Window F4

p| k=l Property Pages Shift+F4
Reverse Coil

Set Coil

Reset Coil

PO OU I TEIADO YR

A

Direct Con...

L
Figure 40. Open the Output form

2. Right-click PLC_TEST_01 and select Build. The Output window opens and shows the status of
the build.
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Solution Explorer

= | S | [2]
,;‘ Solution "PLC_Test 01° (1 project)
4 0 Solution Views

|| Deployment.isadpl
= PLC Test N1
™5 Date | Build

I Devi Clean
- "’ﬁ Download
a I
P
Add
( Import
Export

Set as StartUp Project

Debug
& Cut
X Delete

Rename

Unload Project
Password

«z) Properties

Figure 41. Build the application

Solution Explorer B X

= | 8 |2
j Solution 'PLC_Test 01' (1 project)
4 # Solution Views

4 LN Dev Clean
—_!'_'ﬂ Download
4 7 i Online Change
a [ :
Add
| Import
i Export
Set as StartUp Project

Debug

& Cut Ctrl+X

X Delete Del
Rename
Unload Project
Password

i=) Properties

Alt+Enter
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3
»
3
®
Ctrl+X
Del
Alt=Enter

3. To download the application to TWR-P1025, right-click PLC_TEST_01 and select Download.

Figure 42. Download the application to TWR-P1025
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If the PLC firmware is already running an application then the following is displayed. To stop running the
application, select Yes to All.

PLC_Test 01 - Automation Collaborative Platform (Administrator) @

Resource PLC_Test_01.Device 1. Resource] is already running. Do you want to stop it?

Yes ]| Testo Al || No || No to Al || Cancel

/

Figure 43. Application already running

When the download completes, the screen below appears and the 12 and O2 status LEDs start flashing.

NOTE

This application is now stored on the TWR-P1025. When the TWR-P1025
is powered on and allowed to boot, this application runs.

Output *AX

Show output from: | General R | e x| E=
------ Download started: Project: PLC_Test_ @1 ------

------ Start Downloading Resource #1 ------
------ Download: 1 succeeded, @ failed, @ up-to-date, @ skipped ------

Figure 44. Download successful

5 Additional application examples

In addition to the application in Section 4.2.2, “Build the application and download it to TWR-P1025,” the
example applications in this section are incorporated into a default application. The project is contained in
the directory .../PLC_Reference_Platfrom/PC-utilities/DefaultPLC.

5.1 Direct control application

5.1.1 Direct control application definition

The direct control application uses an INPUT (Slave2_Channel_4) from the target slave to directly control
the OUTPUT (Slave3_Channel_4) of target slave devices. The functional block diagram should appear as
shown in the figure below.

Slave_2 Channel_4. Input Slave_3 Channel 4

Figure 45. FBD for the direct control application
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This figure shows how the direct control application connects to the target slaves.

NOTE

Connecting 14 to +24V causes the O4 status LED to switch to on.
Connecting 14 to OV causes the O4 status LED to switch to off.

Status of 14 {24V = On, 0V = Off)

Status of O4 {24V = On, OV = Off)

7% 0N
N

. L=

gcl gc

mE nw

38 53

HE B8 : .
C1-R-]1- Connecting 14 to +24V results in
AAAA 04 status LED = on. And +24V is

avallable on O4.

EE

-

8 Connecting 14 to 0V results in O4
- status LED = off. And 0V is available
- on 04,

9&! R

BECAHOFF BECKHOFF

Figure 46. Direct control connects on the target slaves

5.2 Change frequency rate application

5.2.1 Change frequency application definition

The change frequency application uses an INPUT (Slave2_Channel_3) to change the frequency at which
an OUTPUT (Slave3_Channel_3) of a target slave device changes state. The blocks used are BLINK, NOT
and AND.

This figure shows the FBD setup for the change frequency application.
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Additional application examples

| Progi-pou”

'..D ).(

m

Figure 47. FBD for the change frequency application

This figure shows the slave device connections.

NOTE

Connecting 13 to +24V causes the O4 status LED to switch to on.
Connecting I3 to OV causes the O3 status LED to switch to off.

Status of [3 {(24Y = Cn, OV = Off)

EK1100

- 4 ] Status of O3 {24V = On, OV = Off
oy | | ( - )

=

- *3

(] '.‘&

W

85 68

ol -

. e Connecting I3 to +24V causes 04

'6 '6 '6 6 status LED = on. And +24V is

available on 03,
HE
=

Connecting 13 to OV causes O3 status
LED = off. And 0V is available on O3,

oy

o
> Mz
Foms

]

Figure 48. Change frequency connects on the target slaves

To implement the FBD, the user must define and use the three additional global variables. Define these
variables, Run_Var, Slow_Time_Var and Fast_time_Var, as shown in Figure 49.
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Resourcel-VAR

Slave_2_Channel_1 _T DIGL_IMPUT - Varlnput
Slave_2_Channel_2 _T_DIGL_IMPUT - Varlnput
Slave_2_Channel_3 _T DIGL_IMPUT - Varlnput
Slave 2_Channel_4 _T_DIGL_IMPUT - Varlnput
Slave_2_Device Status _T SLAVE_STATUS - Varlnput
Slave_3_Channel_1 BOOL - WarQutput
Slave_3_Channel_2 BOOL - WarQutput
Slave_3_Channel_3 BOOL - WarQutput
Slave_3_Channel_4 BOOL - WarQutput
Slave 3_Device_Status _T SLAVE STATUS -~ [ Warlnput
Run_Var BOOL - TRUE War
Slow_Time_Var TIME - TIME#100ms Var
Fast_Time_Var TIME - TIME#Llms War
B

Figure 49. Additional global variables

6 Revision history

This table provides a revision history for this document.

Table 5. Revision history
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Read - .
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