CODESYS FOR BASIC FESTO MOTION TERMINAL (VTEM)
APPLICATION

i . . s 2
Jana Koubova ', Marie Martinaskova

ICTU Prague, Jana. Koubova@fs.cvut.cz
2CTU Prague, Marie.Martinaskova@fs.cvut.cz

Abstract:

This paper describes how to use CODESYS software environment for programming of a simple
application using Festo Motion Terminal (FMT) - VTEM. This application consists of controlling the
movement of one pneumatic actuator with proximity sensors using visualization in the CODESYS
software environment. Firstly the main aspects of Festo Motion Terminal - VTEM are described.
Secondly the prerequisites for use are described such as installation process of the software, packages
and libraries needed for creating an application compatible with VTEM. At last the whole applications
composition is described.
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1. Introduction

Valve terminals are widely used as a mean to use pneumatics efficiently in automation. So far the valve
terminals consisted of specific valves configured together in a cluster for one specific application. Festo Motion
Terminal (FMT) introduces a universal valve VEVM, which can switch its inside configuration and thus perform
function of different valves and components. [1] Festo Motion Terminal is a valve terminal designed to uphold the
standards of Industry 4.0 containing 4 or 8§ VEVM valves with a controller module CTMM, to which other
controller modules can be connected. In our application the higher control module is CPX-CEC-V1-S3. The
application for CPX module is created using CODESYS. CODESYS is development environment for programming
of control applications in which all 5 programming languages recommended in IEC/EN 61131-3 for programmable
logic controllers are available: Ladder Diagram (LD), Function Block Diagram (FBD), Structured Text (ST),
Instruction List (IL), Sequential Function Chart (SFC). Additionally it includes Continuous Function Chart (CFC)
which is evolution of FBD, which allows multiple function blocks to be connected. In this application ST and CFC
were used.

Application shown in this paper will allow for manual and automatic (sequence) control of one pneumatic
actuator with two end position proximity sensors. This document can serve as a guideline for the necessary software
installation and creation of code for basic FMT application.
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2. Specification of Festo Motion Terminal (FMT)

Structure

FMT design

Conceptually we can divide the FMT into 3 parts: control, pneumatic and input modules. Higher control is
provided by CPX module (PLC), which is connected to CTMM controller. The CTMM provides communication
directly for FMT terminal (the valves) and also CTMM is where the main air supply with fitting for tubing and
main exhaust port with silencer are located. Single universal valves and CTMM are connected pneumatically and
electrically via the manifold rail VABM. The manifold also connects CTMM and input modules electrically. On top
of the manifold there is certain number of connection ports. Into these ports the valves and input modules are fitted.
Leftover ports are covered with cover plates. Unused ports are covered with blanking plugs. [1]

J—

CPX modules CPX
Controller CTMM
Valve body VEVM
Identification holder ASCF
Cover plate VABB
Input module CTMM
Cover cap ISK
Connecting cable NEBU
[9] Position sensor SDAP
Blanking plug B
Fittings Qs
Silencers u
Manifold rail
H-rail mounting

Fig. 1 Festo Motion Terminal — Peripherals overview [1]

VEVM universal valve

The main concept difference between a standard valve terminal and VTEM terminal are the valves. All the
universal VEVM valves are the same in build, but they can substitute different components based on their inner
parts alignment changing according to the running program. Thus instead of needing to change components for
different application, it is only necessary to change the program. It is also not necessary to store multiple spare parts
for different types of valves.
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Each valve comprises of four 2/2-way proportional valves positioned in bridge circuit (Fig. 2) with integrated
sensors. Each 2/2-way valve has 2 piezo pilot valves which are connected to diaphragm poppet valve. The bridge
configuration enables for each port to be set in one of following states: open, closed, pressurized, exhausted. By
setting the states on port 2 and 4 the valve can simulate function of different components. [2][3]

Flow/pressure Flow/ pressure

Fig. 2 Bridge circuit in the VEVM valve [3] Fig. 3 Circuit symbol for VEVM valve [3]

2.1 Functionality

Motion Apps

The user can assign one Festo Motion App to each valve through the program at one time moment. Through
the app, parameters for the function of the valve can be set. Festo Motion Apps are preprogrammed within the
VTEM terminal. Through PLC program or in the Web Interface Festo Motion Apps and their parameters are
assigned to valves. [2]

Web Interface

There is an option to connect the CTMM module directly to a computer via Ethernet connection. This lets the
user interact with CTMM via Web Interface. This option is especially useful for understanding all the Festo Motion
Applications and their parameters. In user-friendly environment, apps can be assigned to the valves and their
parameters set. For the connection to be successful a specific IP address must be set on the computer to be able to
see the terminal. The terminal controller CTMM IP address is then inserted into web browser (Mozilla Firefox is the
recommended browser) address line and the interface is loaded — in factory setting the IP address is 192.168.4.2. [4].
Before the terminal can be accessed, user needs to sign in with a password (factory setting password is “vtem”).
Working in this environment is very intuitive. For the connection to work only the first two numbers of IP address of
the computer are given by the controller address, that means that PC address can be any variation of 192.168.x.x.
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Fig. 4 Web interface for Festo Motion Terminal

PLC module control

Festo Motion Terminal can be controlled by local controller module of the CPX terminal which then
communicates with the CTMM controller. In this case it is CPX-CEC-S1-V3. Into CPX the program is downloaded
from computer. Programming can be done in software environment CODESYS. There are many CPX
communication modules with many possible communication protocols (e.g. CAN, CANopen, Modbus). The
technology as a whole has been designed to be in compliance with standards of Industry 4.0. For this project we
used Ethernet connection between the CPX module and computer.

2.2 Necessary Software Installation

When installing, it is imperative that the version of the particular software downloaded is compatible with used
devices and modules.
For best results installation should be completed in the following order:

a) CODESYS
1) Version of CODESYS software environment needs to be downloaded that corresponds to the higher
control block device. For this project it is CODESYS V3.5 SP12 Patch6 pbF which supports CPX
controller CPX-CEC-S1-V3. This download can be done from relevant webpage, where the used
CODESYS is seen as in Fig. 5.

Relevant webpage for download:
https://www.festo.com/net/cs_cz/SupportPortal/default.aspx?q=codesys&tab=4&type=75#result

CODESYS provided by Festo V35 5P12
CODESYS V3.5 5P12 Patché pbF Patch 6 pbF

22.07.2018
E Supported Systems:

CPX-E-CEC-C1-PN
CPX-E-CEC-M1-PN
CPX-E-CEC-C1-EF
CPX-E-CEC-M1-EF
CPX-E-CEC-C1
CPX-E-CEC-M1
CPX-CEC-51-V3
CPX-CEC-M1-V3
CPX-CEC-C1-V3

Fig. 5 Description of the used version of CODESYS from the Festo web
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2) After download the installation is simple using the Setup CODESYSV35SP12Patch6.exe file located
within the downloaded .zip folder, which shall be extracted first prior installation. This installation
can be run in default mode.

b) Festo Configuration Tool
Next step is to install the FCT — Festo Configuration Tool — Plugln.
1) Download the FCT — Plugln from relevant webpage where it is seen as in Fig.6.

Relevant webpage for download:
https://www.festo.com/net/cs_cz/SupportPortal/InternetSearch.aspx?q=codesys&tab=16&type=70#result

FCT - Festo Configuration Tool - Plugin 1.0

16.05.2012
= configuration and stari-up software for the par kinematic:

EXPT-..

» FCT Flugin CMMP-AS v1.4

FW CMMP-AS v3.5

FCT Plugin CMXR-C1v1.1.186

FCT Plugin CMXR-C2 vi.1.2.40
Festo Configuration Tool vi1.2
CoDeSys provided by Festo v2.3.9.28

TSP (CoDeSys Target Support Package) for CMXR-C2
vO1.11

» sample projects for EXPT-..

Fig. 6 Description of the used Configuration Tool from the Festo Web

2) After downloading of the .zip file, it is necessary to extract it and then to continue with the
installation as described in Readme.txt file. No changes need to be executed in the installation
process. When choice is offered chose “Install Pluglns”. Last part of instructions in Readme.txt
starting with “To work with CoDeSys...” concerning CoDeSys target needn’t be finished.

¢) Target Support Package
1) First Target Support Package CODESY'S needs to be downloaded that corresponds to the version of
CODESYS present on the PC and to the used controller block — for this project CPX-CEC-S1-V3
(3472425) without CPX-CTEL-2-M12-5POL-LK. This shall be downloaded from the relevant
webpage. At the webpage this package will be seen as in Fig. 7.

Relevant webpage for download:
https://www.festo.com/net/cs_cz/SupportPortal/InternetSearch.aspx?q=codesys&tab=16&type=73#result

Target Support Package CODESYS 3.5.7.356 = Balik cilové podpory

E Supported systems: 06.08.2018 = Soubory a jazykové verze

« Control block CPX-CEC-C1-V3 (3473128) without
CPX-CTEL-2-M12-5POL-LK

« Control block CPX-CEC-M1-V3 (3472785) without
CPX-CTEL-2-M12-5P0OL-LK

« Control block CPX-CEC-51-V3 (3472425) without
CPX-CTEL-2-M12-5POL-LK

» Motion Terminal VTEM (8047502) without CPX-CTEL-
2-M12-5POL-LK

Fig. 7 Description of the used Target Support Package

2) This package needs to be then installed in CODESYS in Package Manager located in Tools tab. In
Package Manager it is needed to click on “Install” and select the downloaded package from folder.
After the installation the new package should be visible in your Package Manager window.
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% CODESYS the IEC 61131-3 programming system provided by Festo
File Edit VWiew Project Build Online Debug | Tools | Window  Help

B = ) a4 HE BE 1 0 Package Manager... N

m Library Repository...

Devices - 0 X | B Start | [ Device Repository...

Fig. 8 Location of Package Manager and Library Repository tools in CODESY'S software

d) Function Blocks CODESYS
To enable use of VTEM in CODESYS projects, Function blocks CODESYS library needs to be installed.
This library has to be installed in CODESY'S software in Library Repository.
1) The library needs to be downloaded from relevant webpage where the library is seen as in Fig. 9.

Relevant webpage for download:
https://www.festo.com/net/cs _cz/SupportPortal/InternetSearch.aspx?q=codesys&tab=16&type=74#result

Function blocks CODESY S 3572

06.12.2018
= Library valid from FW-Version 4.8.x

Libray for Codesys PLC in version 3.5
(also Beckhoff TwinCAT 3)

Supported systems;
« [otion Terminal VTEM (80475020

Fig. 9 Description of the used Function blocks CODESY'S

2) Next step is to extract the .zip folder. In the folder there is Library subfolder and also Documentation
subfolder, which contains additional description of the use of Function blocks. Library Repository is
located in Tool same as Package Manager. In Library Repository by clicking “Install”, finding and
selecting the library file in the folder it will be installed. After installing the Support Package and
VTEM Library restart of CODESYS software is recommended. After that the result should be as seen
in Fig. 10.

m Library Repository

Location: | System w~ Edit Locati
(C:\ProgramData\CODESYS\Managed Libraries)

Installed libraries: Install,

Company: |Festo AG & Co. KG hd -
Uninst

= 2= application
= 2= Festo AG & Co. KG
+ 82% Common
=G VTEM
+.-+@ Festo_VTEM_DevCon  Fesfo AG&Co. KG

Export

Fig. 10 Festo VTEM_DevCon library installed in Library Repository

2.3 Connecting the FMT via CPX to computer using Ethernet
Connecting the CPX module Ethernet port with Ethernet port on your computer will allow for applications
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2.4

to be downloaded to the CPX from CODESYS. Run/stop of the application is possible via position of rotary
switch placed on the CPX module or the application can be started and stopped in CODESYS software
environment. Proper connection is possible only if computers IP address is set so that it corresponds to the
address of the CPX controller. Finding out the CPX IP address in CODESYS using “Scan Festo devices” as
shown in Fig.11 is possible. This can be done prior to starting new project as long as the devices are connected
in a network.

3
1]

" | =

I Scan Festo devices li

#- Scen Festo Devices - O
Scan for: all devices ~
| Dievice nams | IP Address Device type MalC | Firmmuare
2 @ CPR-CEC-51V3 152.168.2.20 CPX-CEC-51-v3 00:0€:F0:5C:5E:BC 201205221 (73001 1balid

Fig. 11 Finding out the CPX controllers IP address

This means the IP address of the computer should be set to to 192.168.2.x and mask to 255.255.0.0. Last
number of the IP address should be different than the one of the controller. One way that this can be done on
PC run on Windows is to search in START for Network Connections and open Network Connections Control
Panel. In this panel Properties of Ethernet should be opened. There in section Internet Protocol Version 4
(TCP/IPv4) is located — IP address and mask can be changed in its Properties.

E-" Network Connections

1 E-' » Control Panel > Network and Internet » Network Connectic

Organize = Disable this network device Diagnose this connection Renar

Lh Bt G Disable Wi-Fi

— N eduroam

x & R Status dﬂ Intel(R) Wireless-AC 9560
Diagnose

G Bridge Connections

Create Shortcut

G Delete

G Rename

Properties
& Prope

Fig. 12 Changing the IP address of Windows run PC

Overall project layout

The physical setup of this project is as follows. The FMT is connected to electricity (24V) by special
connector cable and to compressed air supply (6 bar input to CTMM module). Components used are from
Festo Didactic line. One double acting pneumatic actuator is connected to the first valve position on FMT. This
connection is done so that port 2 under VEVM valve is connected to port on the actuator, which when
pressurized causes retraction, and port 4 under VEVM valve is connected to port on the actuator, which when
pressurized causes advancing as indicated on Fig. 13. This is to the contrary with usual convention, but is used
here to be with compliance with logic used in the Web Interface and Apps provided with FMT. There are two
3-pin proximity sensors each at one end position of the piston. These are connected to the first two positions of
the input module.
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Project layout representation and photo

Fig. 13 Left: representation of actuator connection to FMT sourced from [5], right: photo of setup
taken in the lab C1-109 CTU FS

3. CODESYS

3.1 Project set-up
New project can be open either from File tab or from the Start Page in CODESYS. After choosing project
template (CPX-CEC project) for the type of controller (Fig. 14) it is necessary to make sure that the device set
is the same as the one used in the project (Fig.15). In this case CPX-CEC-S1-V3. The language should be set
as Structured Text. After that new project with structure as shown on Fig. 16 is formed. Next step is adding the
Festo VTEM_DevCon library to the project library using Library Manager of the project (Fig. 17, Fig. 18).
“Z] New Praject et

» & 4
Empty project HMI project Standard
project

Categaries: Templates:

Standard
project w...

|A project containing & CPX-CEC-...-V3, an application, a CANopen master (optional) and an empty irnple|

Fig. 14 Choosing the template of the new project
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CPX-CEC-Project

Device: |CF‘X—CEC—S'|-V3 (Festo AG & Co. KG), 3.5.7.37 b |
[] Show all device versions

PLC_PRG in: | Structured Text (ST) v|
bdd CANopen Manager OK | | Cancel |

Fig. 15 Choosing device for the project from selection and programming language

=4 Article_project hd
= E Device (CPY-CEC-51-V3)
-@1] Plc Logic
=} Application

i .I] Library Manager
PLC_PRG (PRG)
—@ Task Configuration
—@ MainTask
4 PLC_PRG
& PLC_Diagnosis (PLC-Diagnosis)
[z crx_system (cP_System)

Fig. 16 New projects tree structure

m Library Manager x ]
%5 Add library | < Delete library | 2 Properties 75 Details | 5] Placeholders .TJ Library repository

Name MNamespace Effective version
H-a@ 351id Add library jee, 3.5.12.0 (35 - Smart Software Solutions GmbH) _3SLICENSE  3.5.12.0

+ BreakpointLogging = Breakpoint Logging Functions, 3.5.5.0 (35 - Smart Software Solutions GmbH) BPLog 3.5.5.0

+ IoStandard = IoStandard, 3.5.7.0 (System) IoStandard 3.5.7.0

-+ Standard = Standard, 3.5.12.0 (System) Standard 3.5.12.0

Fig. 17 Library Manager of the project
Add Library .

Enter a string for a fulltext search in all libraries...

Library Company

Festo AG & Co. KG

Fig. 18 Adding the Festo VTEM_DevCon library to the project
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3.2 Device set-up and gateway connection

Gateway connection

To establish gateway connection the Device in project tree structure needs to be open. The window that opens
is Communication Settings. One way to easily create a gateway is to click on Login in the toolbar (Fig. 19). A
following message will appear (Fig. 20). Alternatively the gateways can be added in the Communication Settings
window by clicking at “Add gateway...” and then “Scan network” to find the controller block. Fig. 21 shows how
active Gateway with device presents. If the PC IP address is set correctly then this automatic Gateway should work
in default mode.

v Help

B OBl » m (=== 3 (o M= |V P

Fig. 19 Location of Login button on upper toolbar in CODESYS

CODESYS the [EC 61131-3 programming system provided by Festo X

o Mo active path defined, Do you want to set it?
Clicking ‘Yes' will start a network scan on the '‘Communication
Settings' page. If there is a device found with the same name
and address you used last time, the active path will be set ta
it,

Clicking ‘Mo’ will just show the ‘Communication Settings’
page without any action,

Clicking 'Cancel’ will return without doing any action.

I Yes | No Cancel

Fig. 20 Message about starting scan and setting pathway

Select the network path to the controller:
|Gateway—1

= .ﬁ'i. Gateway-1(scanning...)
ﬂzl CPX-CEC-51-V3 [1FEC.B000.0214] (active)

Fig. 21 Active pathway in the Communication Setting window

Configuration scan

In the project tree CPX System should be opened. In the first folder Module Configuration by clicking on
Actual Configuration and performing a Scan (Fig. 22) the actual configuration of modules (Fig. 23) and information
about them should appear if your Gateway is working properly. After clicking on the Apply button the specification
of the modules will be added to the tree structure of the project (Fig. 24).
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W Article_Test_Project project” - CODESYS the EC 61131-3 programming system provided by Festo
File Edit View Project Build Online Debug Tools Window Help
BEE & o~ i BRx ANANIER 0O E S » aN(iz=%=3 | |7 ¥
Devices ~ & % T CPX_System X |EI Devee

=5 Arsicte Tast Praject
= B Devce (CPX-CEC5143)
=30 prcLogc
= Application
) Library Manager
2l pLc_mra pRG)
= (28 Task Configuration
=38 manask
& FLe_PRG
& PiC_Diagnosis (PLC Diagrosis)
2 cox_system (cPx_System)

Module Canfigurat — .
sediecanlisursten ICPX-VaIve terminal with diagnostics

VoM.
e Overview < Actual configuration
Satus
@ 4]
Infarmatian (O c
Scan
Preview

%G system settings ‘

Enter order code

Fig. 22 Scanning for actual configuration of modules

Q
Scan
Preview
& Type Description
0 CEC-51-V3 Codesys V3 Embedded Controller - Serial interface
1 NTEM Festo Motion Terminal for up to 8 valves and 2 input modules

Fig. 23 Actual configuration of modules

=1z cPx_system (CPX_System)
H e s1vseEcsivg
B viem v

Fig. 24 Modules added to program tree

3.3  Parts of the application

To create a fairly basic application for FMT Application it should contain:
e  Global Variable List (GVL)
e Library Manager
e  Structured text (ST) POU (Program Organization Unit)

= -FH] Device (CPX-CEC-51-V3)
-El[l Plc Logic
=} Application
@ o
m Library Manager
FLC_PRG (FRG)
POU (PRG)
+@ Task Configuration
@ Visualization
¢ PLC_Diagnosis (PLC-Diagnosis)
=Tz cpx_system (CPY_System)
A cec_s1_v3(cecsiva)
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e  Continuous Function Chart (CFC) POU

e  Task Configuration

e  Visualization
Some of them are automatically created when new project is started such as
the Library Manager in which the VTEMDevCon library needs to be added
as discussed in section Project Set-up.
More information about some of the sections is provided bellow.

Fig. 25 Finished projects Application tree

Global Variable List - GVL

To define variables that will be used throughout the Application, not only the ST program, Global Variable
List has to be created. Variables here should be the valve and terminal variables and also the variables that will be
used in Visualization as well as in POUs. To create GVL it is possible to right-click on Application and choose
Global Variable List in the Add Object section. How to create GVL and which variables are used in this project is
shown in Fig. 26.

= On % Cut @ GVL x
(% Copy -
3 [ Paste - - G
2 Hex Switch AT $IB0 : BYTE ;
& PLC W Delete . -
B;_’CPK, Browse 4 5 V1 ValveControl : FestoVIEMdc . FB ValveControl ;
. g V1 _BusDataFromVIEM AT $IBl : ARRAY [(0..2] OF WORD ;
Refactoring 3 -
7 V1_BusDataToVIEM AT $0B0 : ARRAY [0..2] OF WORD ;
Properties... :] V1_ActualValveMode : INT :
|h ‘Add Object N |“|; DUT... 5 V1_ActualBppState : BYTE ;
10 V1 _Enable : BOOL ;
Add Folder... i -
@ : ”. e External File... 11 V1_Mode : BYTE ;
[3° Edit Object @ Global Variable List... 12 V1 _REppC : BYTE ;
Edit Object With.., Image Pool... 13 V1_Rpp0 : BYTE ;
% Login =0 Interface.. 14 V1 _Setl : INT ;
Delet lication devi ﬂ Metwork Variable List (Receiver)... - V1_Set2 : INT ;
Elete a| ication Irom device 1€ - -
il @ MNetwork Variable List (Sender)... - VL AVL : INT ;
i K 17 V1_AV2 : INT ;
T Persistent Variables... - -
S 13 Blocked : BOOL ;
@ POU for implicit checks... 20 Advance : BOOL ;
F4, Recipe Manager... 21 Retract : BOOL ;
@ Redundancy Configuration... 22 Exhaust : BOOL ;
®8  Symbol configuration... ==
Text List z4 StartSequence : BOOL ;
25 EndSequence : BOOL ;
a8 Trace.. 2e
£5  Unit conversion.., 27 xMan : BOOL:
@ Visualization... et}
Visualization Manager... 23] END VAR

Fig. 26 On the left: creation of GVL, on the right: variables used in the project

Program organization unit in CFC (Continuous Function Chart) - POU

For proper communication between used variables in CPX block and FMT a function block in CFC needs to
be used. To the formal parameters of the function block which are prepared in the function block the actual
parameters from CPX variables are assigned. This block is prepared specifically for VTEM valve control. CFC POU
can be added using same process as above with GVL but choosing POU. Type of POU should be kept as Program
and Implementation Language can be chosen. In this case it is CFC which is default when creating new POU. After
creating the CFC POU there will be ToolBox window on the right side of the screen. Box is to be chosen and
dropped into the down section of the split screen on the left side. To insert the prefabricated setting right-click the
box needs to be performed and Input Assistant chosen as shown in Fig. 27. There choice of FB_ValveControl needs
to be done in Operations. Note that FestoVTEMdc is only visible when the special library is added previously in
Library Manager. In the Input Assistant there is also a Documentation present (in Fig. 28), which explains the input
and output variables and also defines their type.
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POU x w || ToolBox
PROGRAM EOU = CFC
VAR D k Pointer
END_VAR i Control Paint
= Input
o — 100% @‘ = Qutput .
Input Assistant
Al 48 Box
] .
e SIS Textsearch Categories
= Label
Cut = Return Functionblocks a  MName
Copy A Composer || Module Calls = {} FestovTEMde
E Selector Keyword
Paste = Comment yworas 42 auxiliary Functions
Delete = - Conversion Operators = [E:' Operation
Select All = Connection FB_ValveControl
IF Input Pin +-[) statelnterpreter
Browse ' 47F Output Pin 42 Transfermode
(73 _Input Assistant.. M - {{}] S=sdand

Fig. 27 Input of ValveControl function block

The prefabricated block will appear. To this block inputs and outputs should be connected as in Fig. 29. This

function block encompasses only one of the VTEM valves, if more valves are to be used each should have their own
function block and their own set of global variables.

Show documentation

Documentation:

Insert with arguments

[Jinsert with namespace prefix

This is the central function block for the eperation of Motion Apps on a valve. The FB serves to operate all Motion Apps with their specific setpoint values. It is able to
execute and to stop Motion Apps and to deal with occuring errors. Parameterisation is not pessible with this function block.

awBusDataFromVTEM ARRAY [0..2] OF WORD WAR_INPUT ||6 bytes of process data that is received from the Motion Terminal

xEnable B00L VAR_INPUT :f;p;oege set to TRUE in order to operate a Motion App on the valve, otherwise any motion is
bySetvalveMode BYTE WAR_INPUT [[ID of the Motion App to be executed, 60 for 'commissioning', "61 for 'stop', 62 for "acknowledge’
bySetAppControl BYTE WAR_INPUT ||SetAppControl of the chosen bySetMode, see documentation of the valve mode for its meaning
bySetAppOption BYTE VAR_INPUT ||SetAppOption of the chosen bySetMode, see documentation of the valve mode for its meaning
iSetpointValuel INT WAR_INPUT |[SetPointl of the chosen bySetMode, see documentation of the valve mode for its meaning
iSetpointValue2 INT WAR_INPUT _||SetPoint2 of the chosen bySetMode, see documentation of the valve mode for its meaning
xManualAcknowledge BOOL WAR_INPUT _||errors can be acknowledged (after they got inactive) with a rising edge at this input
awBusDataToVTEM ARRAY [0..2] OF WORD WAR_QUTPUT]|6 bytes of process data that is sent to the Motion Terminal

byactualvalveMode BYTE \VAR_QUTPUT|[actual valve mode of the Motion Terminal

byactualvalveState BYTE \VAR_QUTPUT|[actual valve state of the Motion Terminal

byActualAppState BYTE VAR _QUTPUT] E;’ltfglr:tltd';ef;ercif:,;‘ls:i];;ﬂ data: app state of the desired Motion App, see documentation of the
iActualValuel INT WAR_QUTPUT]||ActualValuel of the desired Motion App, see documentation of the valve mode for its meaning
iActualvaluez INT VAR_QUTPUT||Actualvalue2 of the desired Motion App, see documentation of the valve mode for its meaning
iResponseToValveModeSet| eResponseToValveModeSet||VAR_OUTPUT||lenumeration that indicates the status of execution of the desired valve mode

H\Ef[DICDdE INT \VAR_OUTPUT||contains the malfunction code of the latest error, 0 if no error occurred so far

Fig. 28 Documentation for block variables accessible in Input Assistant

65



Jana Koubova

CODESYS FOR BASIC FESTO MOTION TERMINAL

Marie Martinaskova APPLICATION
POU x
1 PROGEAM POU
2 VAR
3 END_VAR
4
GVLV1_ValveContraol 7
FestoVTEMdc.FB_ValveControl —
GVLV1_BusDataFrom\WTEM I—awBusDataFrDm\!TEM awBusDataToVTEM 4| GVLW1_BusDataToVTEM
GVLV1_Enable xEnable byActualValveMode 4| GVLV1_ActualValveMode
GVLV1_Mode by SetValveMode by ActualValveState — 5
GVLV1_AppC by SetAppControl byActual AppState GVLV1_Actualf-~State C]
GVLV1_AppO bySetAppOption iActualValuel GVLV1_AV1 t:‘
GVLV1_Setl iSetpointV/aluel ibctualValue? GVLV1_Av2
GVLV1_Set2 iSetpoint'/alue2 iResponseToValveModeSet —
GVLxMan I xManual Acknowledge 1ErrorCode —

Task Configuration

In Task Configuration Main Task
is already present with the ST program
in it. This tool allows for setting of
different tasks and their type, when are
they executed and so on. This can be
left in default setting. The ST program
will be executed cyclically every
20 ms. For more complex solutions
Task Configuration tool can be used to
create tasks that have different priority
or are started “on event”. Main Task
configuration is shown in Fig. 30

Visualization

Fig. 29 Finished function block

#: MainTask x
Corfiguration

Priority (0.31 ) |20

Type
Cydic ~

wiatchdog
[Jenable

Time (e.g. t£200ms):

Sensitivity: 1

ok Add Call X Remove Call [ Change Call

Interval (e.g. t#200ms): [20

* MoveUp & Move Down |7 Open POU

PouU
PLC_PRG

Comment

Fig. 30 Main Task Configuration in default mode

There is no machine interface panel for the operator therefore the control of movement of the actuator is
performed using the Visualization in CODESYS software environment.

Visualization is again created via right-click on Application and choice from the menu Add Object (Fig.31).

After the visualization is created there is the visualization window on the left and ToolBox on the right. From the
ToolBox in this project the main objects needed are buttons which are used to control BOOL variables in the ST

program. These are located in the Common controls tab. Buttons can be labeled by clicking on them once when they

are already selected. When button is selected the configurations of the button are displayed on the right. Most
important is the Inputconfiguration, which allows the button to be linked with variables.
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=10 Pic Logic T f izati
=03 Apg I 3SLicense, 3,5.12.0 (35 - Smart Software Solutions | #dd Visualization X
“ é(: Cut ogging = Breakpoint Logging Functions, 3.5.5.0 (35 -
i Copy _DevCon, 3.5.7.221 (Festo AG & Co. KG) . o _
=2 Paste = [oStandard, 3.5.7.0 (System) Creates avisualization object
= @ ¥ Delete Standard, 3.5.12.0 (System)
- Browse 3 Name:
& PLC_Dia Refactoring 3 |Visualization
O P svs 2 Properties.. - . -
= s Symbol libraries Active
[ Add Object 5 DUT... & visuSymbols (System)
) Add Folder... External File...
ﬁ Edit Object Global Variable List...
Edit Object With... Image Pool...
€ Login Interface...

MNetwork Variable List (Receiver)...

Delete application from device

A0 fRPHEAEE LD EWS

Metwork Variable List (Sender)...
Persistent Variables...
POU...
POU for implicit checks... A visualization symbol library is a CODESYS library with
Recipe Manager... graphics and graphical abjects. If the visualization symbaol
e Lo L
Symbel configuration... toolboxwhen a visualization editoris the active editar.
Text List...
Trace...
25 Unit conversion...
‘@ Visualization... ‘ Add Cancel
Visualization Manager...

Fig. 31 Input of visualization in the Application

Fig. 32 shows button configuration. Variable that is flipped on mouse tap can be either written in or by clicking
on symbol of 3 dots on the right side of the variable name tab you can open Input Assistant. Also it is possible to
open Input Assistant by right-clicking the variable name tab, when writing is enabled. By inputting the “Advance”
BOOL variable to the Inputconfiguration on Tap of the button labeled “ADVANCE” you link this variable with the
use of this button. Same process is followed with other buttons as well. Of course other visualization elements are
used such as labels, images and eventually sliders.

Input Assistant

+ Relativemov.
+ Text variables Textsearch Categories
+ Colorvariables
# Statevariables Variables a  MName Type
= Inputconfigu .
ADVANCE & = o Application Application
OnMous... Configure...
OnMous... Configure... - ﬁ GVL VAR_GLOBAL
# Blocked BoOL
Tap... O # EndSequence BOOL
+ Toggle # Exhaust BooL
T v

Fig. 32 Linking BOOL variable to the button in button Configuration

In the finished visualization all the buttons are linked to the BOOL variables of the corresponding names. The
finished visualization used for this project is shown in Fig. 33. After sequence is started it must be ended before
manual control can be resumed. Only button “BLOCKED” working as a safety measure can be used any time and
after the piston is blocked the system returns to manual control. In this case sequence means that no matter what
position the piston is in it will retract itself and then start cycle of full extension and full retraction.
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BASIC FMT APPLICATION

MANUAL CONTROLS SEQUENCE CGONTROLS . c I u

[ ADVANCE \ | START SEQUENGE
y CZECH TECHNICAL
[ RETRACT J I ) UNIVERSITY
{ END SEQUENCE (= - IN PRAGUE
l EXHALST l
[ BLOCKED \

Fig. 33 Finished visualization of the project

Program in structured text (ST)

Finished program is shown here in Fig. 34 as an example of possible FMT application. This program enables
manual and sequence control mode of one pneumatic actuator. Manual control allows for advancing, retraction,
exhaust and blockage of the actuator. There is also a simple sequence, which uses the proximity switches. Sequence
runs after “START SEQUENCE” is activated until either “END SEQUENCE” is activated or button “BLOCKED”
is activated as a safety measure. After one of these events the manual control is resumed. The sequence consists of
initial retraction of the actuator and then cycles of full extension and full retraction.

Below the logic of the code is described.

This section is already present in project tree. In the upper window local program variables are defined. These
are variables that are confined only to this program. In this case it is only the State variable. In the lower window the
program in language ST is written. The code used in the program is shown in Fig. 34.

In State 10 the dependence of the running of the program on the position of rotary switch is established. Also
in this step the valve opening degree of supply air flow is set, valve is enabled for use and any lingering error
statements are acknowledged by setting variable xMan to TRUE.

In state 20 mode of the valve is set to ECO drive and state of the app to Blocked as safe initial setting of the
valve.

The program then cycles between states until one of the conditions is met. In this loop manual control is
performed as well as the switch to sequence. If the sequence mode is activated via the visualization the program
cycles in different states waiting again for one of the conditions that would warrant exiting this loop is met. In all the
loops additional control of the stare of rotary switch (Hex Switch) is inserted. If the switch has been moved from
“run” position the valve will not be enabled.

As was mentioned in visualization “blocked” state as safety element can be activated anytime and sends the
program to the manual control loop, if all the conditions for the program to run are met.

This Application, the movements of the actuator, is controled by the buttons from the Visualisation window.
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1 PROGRAM FLC_FPRG 43
2 VAR 45
2 State : INT: 50
4 END VAR =L
i sou() : ==
- 53
3|  CASE State OF :j
4 0= o
5 GVL . V1_Enable := FRL3E; z:
£ State := 10; 53
7 55
2 I H £0
) IF (GVL . Hex Switch = 2 ) THEN =<1
10 GVL.V1_Set2:=10000; £2
11 GVL . V1_Enable := TRUE; €3
1z GVL.xMan := TRUE; €4
13 State := 20; &=
14 ELSE £e
15 State = 0; &7
1€ END_IF =
17 =
18| 20 : o
18 GVL . V1 _Mode := 6 ; -
{1 GVL . V1_AppC := 0 ; ;3
21 GVL.xMan := FRLSE; 74
22 State := 100; 75
23 7€
24 100: e
25 IF GVL . Advance THEN 73
2€ GVL . V1_AppC := 1 75
27 State := 120 ; a0
28 ELSE -
el State := 1207 a2
20 END IF .
21 s
3z 120z a5
33 IF GVL . Retract THEN ae
34 GVL . V1_RBppC := 2 ; -
35 State := 140 ; an
3€ ELSE -
37 State :=140; 50
23 END IF -
35 -
40 140: -
41 IF GVL . Exhaust THEN oa
42 GVL . V1_AppC = 3 o
43 State := 1lg0 ; ??
44 ELSE Tf
as State := 160; '
4€ END IF

APPLICATION

160z
IF MOT { GVL . Hex Switch = 2 ) THEN
GVL . V1_Enable := FRLSE ;
State := 07

ELSE
State := 120 ;
END IF
180:
IF { GVL.V1_ActualValveMode = ¢l ) THEN
State := 10;
ELSE
State := 190;
END IF
180
IF { GVL.S5tartSequence = TRUE) THEN

State:= 195;
ELSE

State :=100;
END IF

GVL . V1_AppC := 2 ;

IF (GVL.V1_ActualfppState = 1) THEN
State:= 200;
ELSE
State:= 195;
END IF
200z
IF (GVL.V1_ActualfppState = 4 ) THEN
GVL . V1_Ap =2 7
END TIF
IF (GVL.V1_ActualippState = 1) THEN

GVL . V1 _RppC :=1 :

END IF

IF ({GVL.EndSequence = TRUE) THEN
State := 10;

ELSE
State := 210;
END IF
210:
IF NOT { GVL . Hex Switch = 2 ) THEN
State := 107
ELSE
State := 200;
END IF
END CASE
IF GVL . Blocked THEN

GVL . V1_AppC := 0 ;
State := 0;
END IF

Fig. 34 Application POU program in ST
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4. Conclusion

In this paper, we have summarized the function of Festo Motion Terminal and its valves. We have also
provided a thorough installation and connection guide. Further we demonstrated how to structure a program for
FMT application. We have described the components of that program that are mostly given for any such application,
thus leaving the reader with a blueprint for designing their own application and developed basis for more complex
projects.
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