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1 Introduction

1.1 Scope

This document presents all the details for preparing the experimental framework for developing six
practical lectures that cover the main basis of automation programs development. The technical
competence to which this contributes is:

| C13. Programmable Logic Controller |

which related skills are (see Table |):

Table |. Skills of Programmable Logic Controller
To know the basics architecture of PLC
To know how to manage Digital 1O
To know how to manage Analog IO
To know how to implement the complete functional behaviour of a system
To integrate PLC into an industrial network

1.2 Preliminary definition

The virtual system presented consists of learning the basic concepts of programming automation by
solving six industrial processes simulated in the software Factory I/O. The programming is developed
in a virtual Programmable Logic Controller (PLC) in CODESYS using Sequential Flow Charts (SFC).
The software CODESYS is connected to the simulator Factory 1/0 using MODBUS TCP/IP, see
Figure 1.

® — 6

CODESYS FACTORY INEA

Figure 1. Overview of the Virtual system proposed.

These simulated industrial processes state basic concepts beginning with the automation of a basic
sequence to continue with the learning of timers, counters, alternative and parallel sequences.

The work to be carried out by the students consists of making the initial design of the proposed
automatic operation, later it would be implemented in CODESYS, and its correct operation would be
verified using the developed simulations in Factory I/0O. These steps are the usual ones to be carried
out by any professional in a robot programming task.

1.3 Technical requirements
A computer with CODESYS V3.5 SP19 Patch 6 and Factory 1/0 v2.5.6 both properly installed.
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2 Software design

2.1 Preliminaries

The software design of the virtual system proposed is general for the six simulated industrial
processes. However, in this document, the software design is focused on the first industrial process
defined as “simple sequence” to provide a detailed explanation of the proposed virtual system. There
is needed to download the CODESYS template and the Factory I/O simulation (see Figure 2)
available at https://misceproject.eu/programmable-logic-controller.

51D » Erasmus+ » 1SimpleSeq >
Mombre Estado Fecha de modificacion  Tipo Tamafio

n From Ato B ] 30/04/2024 15:31 Factory I/O B3 KB
# From AtoB (/] 30/04/202415:33 Archive PROJECT 279KB

Figure 2. Required files to solve the simple sequence problem.

2.2 Automation program

The CODESYS template is a Standard project with the virtual device “CODESYS Control Win x64”
(see Figure 3) composed by:

1. Global Variable List, named “FIO”.

2. Symbol configuration to communicate the FIO’s variables with Factory 1/O simulation.

3. Sequential Flow Chart (SFC) script for the automation programming.

4. Ethernet adapter equipped with a Modbus TCP Slave device to control Factory 1/0 simulation.

Devices + o X
=“15) From A to B -
= ﬂ'i Device (CODESYS Control Win V3 x64) |
=B Pic Lagic
I & £} application
12

3 & —@ Task Configuration

\% MairTask (IEC-Tasks)
B [pLc_PrG

= ﬁ Ethernet (Ethernet)
\bﬂi ModbusTCP_Slave_Device (ModbusTCP g

4

Figure 3. Project tree for CODESYS template for Simple sequence.
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4 ‘ Symbuols Access Rights
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// Barrier sensor D. PLC_PRG
10 Sensor B : BOOL;
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12 / InLE.
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14 l Conv_mowve : BOOL;
L 15|  END VAR
(a) (b) (c)
on [[] ModbusTCP_Slave_Device X
Find Filter Show all = ok Add FB for 1O C|
Variable Mapping  Channel Address Type
E Holding Registers LI ARRAY [0..9] OF WORD
+ K@ Input Registers SeWD ARRAY [0..9] OF WORD
E Coils SLIB20 ARRAY [0..0] OF BYTE
= 4y Coils[0] LI EYTE
Application.FIO.Select_start K EBit Seha0-0 BOOL
*% application elect_star ,@ i Sensors
“% application.FIO.Select_stop [ ] Bitl SRRt BOOL
% application.FI0.Sensor_B "% Bit2 Servan o BOOL
= P Discrete Inputs %0E20 ARRAY [0..0] OF BYTE
L4 .
=i Discrete Inputs[a] %%0B20 BYTE
" - - _ i Actuators
$ Application.FIO.Conv_move [ ] Bit0 Soonan o BOOL

(d)
Figure 4. CODESYS template for Simple sequence (a) Global variables for communication with Factory 1/O, (b) Symbol
configuration for communication with Factory 1/O, (c) SFC script to develop the automation solution and (d) Modbus TCP
Slave device for communication with Factory I/O.

The variables in “FIO” are defined to control the sensors and actuators in the Factory I/O simulation.
Figure 4a shows the FIQO’s variable for simple sequence problem.

The symbol configuration enables the FIO’s variables to communicate with Factory I/O simulation
through Ethernet protocol, see Figure 4b.

The sequential Flow Chart (SFC) script provide the draft for programming the automation solution
required, see Figure 4c. The programming language could be change according to the user,
however, the SFC language is more suitable for people that is new in automation programming.

The Modbus TCP Slave device connect the sensors and actuators variable in FIO with the
correspondent Coils and Discrete Inputs to control the Factory I/O simulation, see Figure 4d.

2.3 Industrial process (Plant) simulation

The six Industrial processes have a tridimensional virtual simulation in Factory I/O. Figure 5 shows
the simulation for the Industrial process defined as “simple sequence” with its correspondent sensor
and actuators.
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F-igrure‘S. Overview of the Virtual simulation of simple sequence in actory 1/0.

The communication of the sensor and actuators in the Factory I/O simulation are defined in the
Drivers section in FILE menu, see Figure 6. This figure shows the configuration of the sensors and
actuators in Factory I/0 to communicate with the global variables FIO in CODESYS.

#A | FILE EDIT VIEW

New CtrkN
Open CtrlO
Save Ctrl-S
Save As... Ctrl-Shift-S
Options

Drivers

Exit

< DRIVER Modbus TCP/IP Client v

SENSORS ACTUATORS

FACTORY I/0 (Paused)
FACTORY 1/0 (Reset)

Conv_move

1 @ Emitter 0 (Emit)

Select_start Coil0 Input 0 Conv_move XY I/O (Camera Pasition)

FACTORY I/0 (Time Scale] Select stop [J] Coil 1
Select_start Sensor B (] Coil2

Select_stop I

Sensor B[] | o Remover 0 (Remove)

Figure 6. Factory 1/0O Modbus setting to communicate with CODESYS.
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2.4 Commissioning of the entire system

All six proposed automation problems follow the same process for executing. Taking “simple
sequence” as example, the steps for executing the virtual automation system are:

STEP 1 Open the CODESYS Project “From A to B.project”, see Figure 2.

STEP 2 In CODESYS, open the SFC script “PLC_PRG” in the device tree, see Figure 7. In
this script the student develops the solution for the Industrial process under analysis using
the global variables in FIO list to control the sensors and actuators in the Factory 1/0O
simulation. The variables within the FIO list should remain unaltered and unchanged.
The student is free to declare another variable within the “PLC_PRG” file.

Devices ~ 1 X
=3 FomA fof i
= m Device (CODESYS Control Win V3 x64)
=Bl Plc Logic PLC_PRG X
o r:; Application _ FROGRAM FLC_FRG
: 2 VAR
@ Fo 3 END VAR
m Library Manager -
PLC_PRG (PRG)
- Symbol Configuration
= @ Task Configuration Init
=g MainTask (IEC-Tasks)
&1 |pLc_PrRG
= m Ethernet (Ethernet)
E‘i ModbusTCP_Slave_Device (ModbusTCP g L Tnir

Figure 7. SFC script for developing the automation solution in CODESYS.

STEP 3 In Notification Area, run the Simulated PLC “CODESYS Control Win V3 X64”. (1)
Right click on CODESYS Control Win SysTray, (2) Click on Start PLC, (3) Accept the warming
message, see Figure 8.

Start PLC 4—{ 2

1 CODESYS Control Win SysTray - x64 X
Exit PLC Control
The CODESYS Control PLC allows executing program code with system level
access on this machine. This may pose as a security threat unless appropriate
About... measures are taken to limit network access to this machine.
e - 0 q
— =~ - N0t|f|Cat|on You can do ﬁ1i_s in CODESYS with the Online Menu Command:
Online-»Security->Add Online User,
J!‘ Area See Online-Help in CODESYS for details.
acidn 2l = : = 74|/7 + 100%
e = 2 i ™ Don't show this message again 3
&= 22/03/2024 = ok | cancel |

Figure 8. Run CODESYS Control Win V3 X64.

STEP 4 In CODESYS, load the automation solution in the simulated PLC. (1) Login to the PLC
(2) Accept the warming message (3) Start the SFC program, see Figure 9.
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_'T # Application [Device: PLC Logic] - ﬁ & e o % =

-
w |

Scan Metwork | Gateway ~  Device -

Gateway .
[Eateway-1 ~|  |1Bv-190920 (active) ~|
IP-Address: Device Name:
localhost 1BV-130920
Port Device Address:
1217 03013157
Target ID:
0000 ooo4

P e T in
LULESY o

An application "Application’ is currently on the PLC. As there is no matching
compile infarmation, this existing application needs to be replaced.

Click "Yes' to download the latest code or Mo’ to abort.

2

Yes Mo Details...

Figure 9. Connection to the simulated PLC Control Win V3 X64.

STEP 5 Open the 3D simulation in Factory /O, in this case the file “From A to B.factoryio”, see
Figure 2.

STEP 6 In Factory I/O, connect the Modbus TCP/IP client to the serverin CODESYS. (1) Click

on File->Drivers (2) Connect to the server (3) verify the connection (4) return to Factory I/O
simulation, see Figure 10.
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#A | FILE EDIT

CtrkN

Ctrl-0

CtrkS
Save As... Ctrl-Shift-5
Options

Drivers

Exit

Figure 10. Connection to the CODESYS Modbus server from Factory 1/0.

STEP 7 Run the simulation on Factory 1/0O (1) and execute the sequence using the control
panel (2), see Figure 11.

D > 0 W

Switch between edit and run mode

e~ N e

Figure 11. Run the 3D simulation in Factbry I?O. :

This execution procedure is described at “03_FactorylO_Simulation_Execution instructions.pdf”
available at
https://www.dropbox.com/scl/fi/g7owcz5Ixqp0j3jvomagxi/03 FactorylO Simulation Execution-
instructions.pdf?rikey=f10g2wvmpg6b7xgkxzpggsim5&st=2057i8ms&d|=0 .

Moreover, the document “04_ FactorylO_Simulation_Codesys Troubleshooting.pdf’ available at
https://www.dropbox.com/scl/fi/rl2yxm2esheb5mjghrrr6/04 FactorylO Simulation Codesys-
Troubleshooting.pdf?rIkey=pex5k6e89ovijdvevkm39tm8mn&st=498ksz1b&dl=0  cope the most
general problems that the student could have in executing the proposed virtual platform for solving
automation problems.
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