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PROBLEMATIC SITUATION AND PROBLEM DEFINITION

|.1. Problematic situation

The benefits of automation in all industries are many: reduced production
cycles, increased productivity, improvements in quality and reliability, reduced
waste, better use of space, reduced costs, reduced accidents, etc. For these
reasons, in these competitive times it is vital for every company to automate

its operations, systems and machinery.

Peru is just beginning on this path of automation. But our country is still very
far if we compare it with other countries in South America. According to the
IFR Statistical Department, the number of robots in Central and South
America in 2013 was 9,600 units, of which Peru only had about 20, which
were installed using foreign technological resources, since our country was
not prepared to provide adequate technical personnel for implementation and

maintenance tasks.

In recent years, there has been a real interest in automating the productive
sector in Peru. Many companies have started to introduce automation and
industrial robots in their production processes, for example, manufacturing
companies in the food sector, metal structures (welding), cement, the fishing

industry and in the handling and packaging in all production lines.

Due to globalization, Peruvian companies have understood that they compete
with others around the world and that the only way to do it is by automating,
that is, improving their productivity, quality and reliability.
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Although it is true that automation in Peru will displace many people who
performed these manual tasks, at the same time many job opportunities will
be created for personnel with a higher level of technological training and

professionals in the field must be trained to attend this demand.

Industrial automation has had a rapid global advance thanks to the impulse
and development of science and technology, particularly information
technologies, making it possible in recent years to integrate the different
functions of the company. This multidisciplinary integration requires the
interaction between the various fields of engineering and the intensive use of

computational tools.

I.2. Definition of the problem

[.2.1. General Problem



Training modules in the area of process control are not accessible for the
reinforcement of the theoretical teaching of the student and the training

centers.

[.2.2. Engineering Problem

What technological and engineering considerations of mechatronic design and
software design must be taken into account, in order to develop a training
module in the process control area that satisfies the requirements of the
student and the training centers at the time to develop classes oriented to

topics related to that area?



STATE OF ART

[I.1. Existing products and solutions

DL 314 Process Control Trainer [1]

Manufacturer: De Lorenzo

The coach is composed of:
e A didactic panel, with a pressurized tank and a set of level, pressure,
temperature and flow sensors and actuators.
e A control module, which contains the interface circuits for the sensors
and actuators and ON / OFF, proportional, integral and derivative (PID)

control circuits.

Advantage:

e The student recognizes a real physical control system and its parts.

Disadvantage:

e You need a storage space.

e |t needs physical maintenance, both as a module and its individual
parts.

e Limited access for manipulation by students when the amount is

greater than the available modules.



e High acquisition costs that increase when the system is more complex.

DL 2314

Figure 1: DL 314 Process Control Trainer

Building automation simulator: heating and air conditioning systems

Manufacturer: GUNT Hamburg [2]

The educational module is oriented to the operation and programming of a
DDC (Direct Digital Control) or a PLC for a heating and air conditioning system.
The process schematics for the two simulated systems are displayed on the

front panel.

The simulated heating system has two boilers connected in parallel. The

temperature of the feed stream is controlled via the outside temperature by 3-
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way mixing valves. There are two heating lines with simulated heaters and
different actuators: 3-way mixing valves and pumps. An additional 3-way

mixing valve is the actuator for water heating.

Advantage:
e Compact system, very complex systems and simplification of
connection systems can be simulated.

e Actuators and sensors do not require much maintenance.

Disadvantage:

e You need a storage space.

e When simulated it does not represent the real behavior of an air
conditioning system.

e Strange behavior of the system depends on the nature of the simulated
elements and not on the system.

e Limited access for manipulation by students when the amount is
greater than the available modules.

e High acquisition costs.

11



Figure 2: Building Automation Module in heating
and air conditioning systems
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[1.2. Scientific / Engineering Publications

Cruz and Vera (2020) [3] in the publication entitled "Convolutional
neural networks for the Hass avocado classification using LabVIEW in an agro-
industrial plant" published in 2020 IEEE XXVII International Conference on
Electronics, Electrical Engineering and Computing (INTERCON) presents the
proposal of a plant, the hardware part consists of Aca2500 Basler camera, HR
2mm / F1 lens, and conveyor belt 1200, the software part of the PLC STEP S7:
TIA PORTAL (OPC), a sequential algorithm, and convolutional neural network
decision in which include the avocado size and color selection parameters. The
classification process has three main stages: image acquisition, image
processing and image recognition. Convolutional neural networks were used
for image processing, obtaining an average classification precision of 60% in
real time. From the results obtained, he concludes that the classification can

be improved.

Duque, Lépez and Navas (2017) [4] in the publication entitled "Auto-
tuning of a PID controller implemented in a PLC using swarm intelligence"
published in the Prospectiva magazine of the Faculty of Engineering of the
Autonomous University of the Caribbean presents the proposal implementation
in an Allen Bradley PLC of a swarm intelligence technique whose function is to
determine the mathematical model of a system or process. With the system

model found, the parameters of a PID controller are calculated that guarantee
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a desired behavior of the system. The swarm intelligence technique used to

model the process is known as particle swarm optimization.

To test the operation of the algorithm implemented in the PLC,
simulations of dynamic systems were carried out on a desktop computer with
Matlab software, from this software a connection was established with the PLC
using the OPC (OLE for Process Control) communication standard. In this way,
Matlab sends information about the status of the process, and the PLC
estimates the mathematical model of the system, tunes the PID controller and
then sends the PC an appropriate control action. The results showed that when
comparing the performance of a fixed PID with the self-tuned PID, their
performances are similar, which is a good starting point for future

improvements to the presented scheme.

Ospino-Pinedo, Esteban and Mantalla (2016) [5] in the publication
entitled “Modeling and control of processes using the EMSO simulator and
SIMATIC PLC as OPC interface” published in the Universidad de Antioquia
Faculty of Engineering Magazine presents the modeling procedure and level
and flow process control using the EMSO simulator coupled to the process with
a SIMATIC S7-200 PLC as the OPC communication interface between the
process instrumentation and the controller's computer system. For the
supervision of the process variables, a SIMULINK model connected to the
process through OPC communication The obtained model was used in the
design of PID and PBSM controllers, which were tested against set point jumps

and an imposed set point trajectory.
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Among the results obtained, the PBSM indicated for the process
module was in strong agreement both qualitatively and quantitatively with the
experimental data obtained, and produced low deviation errors. Regarding the
control systems implemented, in general the performance observed for the
controllers was good. The PID controller worked fine for set point pitch
disturbances, but failed for an imposed set point path. On the other hand, the
PBSM-based controller did a great job in both cases, despite some small and
continuous oscillations around the Set-Point. Additionally, time delays were
observed when coupling the EMSO simulator, EMSO-OPC interface, and the
actual process module, due to problems in the synchronization due to the
delays generated by the sampling time of the EMSO-OPC interface and the
calculation time. used by the simulator. As a final note for future work, it was
observed that the variation of the sampling time parameter can improve the

performance of the control system.
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Justification

e The proposed solution solves the problematic situation posed because
it will allow the development of a virtualized system that is capable of

replacing and coexisting with existing solutions.

o The development of the proposed solution implies solving different
problems in the training of the student, it will develop functions which the

existing solutions do not have.

e It is estimated that the product to be generated could be cheaper than
the current solutions, since the necessary resources for its implementation

are available at the National University of Engineering.

e The proposed product follows the guidelines proposed for the courses

implemented at the National Engineering University.
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IV. Objectives

a. General objective

e Implement virtual training modules aimed at training students in the

area of process control.

b. Specific objectives

e Select the technologies that will allow the implementation of virtual
educational modules.

¢ |dentify model plant to virtualize.

¢ Identify which are the physical variables necessary to carry out the
correct modeling of the model plant.

¢ Model the individual behavior of each instrument involved in the model
plant.

e Select the real instruments to virtualize.

17



V.

Description of the proposed solution

a. Description

a.l. Pictorial block diagram:

Virtualizacion de modulos de entrenamiento orientados a la capacitacion de estudiantes en el area de control de procesos

Software Hadware
Y
NI LABview NI OPC Servers 1
] \\<\|
—— Driver
Frot Panel EBlock Diagram | § . 'l
Si 22
A S S v A S » OOENNS
| i ‘
i ! i
I ! I
i i
i i
Interfaz Configuracién } |
hombre de controles y | - I
maquina Acceso a Tags | EelaEniajconiun B
| controlador fisico?
) X !
i i |
(IS N b
..t No Controlador ffsico
i (PLC)
WModelado del *
sistema fisico
a analizar
— NetToPLCsim Driver
: Entrada y Salidas
1
1
Programacion
TR G Controlador fisico

Figure 3: Pictorial block diagram.

a.2. Functioning:

The software developed will present a man-machine interface, with the

necessary controls for the total description of the pilot plant, where the

user can modify the plant according to the teacher's instructions.
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The internal programming will have two parts, one dedicated to the
configuration of the interface (controllers and alarms) connected to the
physical controller (partial virtualization) or virtual controller (full
virtualization) through the necessary drivers on demand (OPC Server for
partial virtualization and adding NeToPLCSim for full virtualization), the
other dedicated to the implementation of the simulation, which after its
evaluation in other software (MATLAB), will be subsequently implemented

in the LabVIEW environment.

a.3. Devices and components to use:

Devices and :
Components Main Features
Laptop OS: Windows 10
RAM: 12 GB
Processor: 17 - 6700HQ
NI Labview Version: 2015 spl
NI OPC Servers Version: 2013
MATLAB Version: R2018b
TIA Portal Version: 16
Module: PLC Sim
NetToPLCSim Version: 1.2.4.0
PLC S-300: CPU 314C-2 PN / DP (Virtualization)
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a.4. Limitations of the solution:

e The virtualized modules will be as complex as the case to be modeled.

e The full virtualization process (Software and Hardware) will be limited
to the use of the TIA Portal software, NetToPLCSim, and the simulation
capability of the PLCSim (Hardware Virtualization) module.

e The partial virtualization process (Software only) will be limited by the

chosen OPC Server and the availability of the driver found in it.

a.5 Expected results:

e The results displayed by the Male Interface Machine | know will
compare with the data obtained in other previously verified Process
Control simulators to check its correct operation and accuracy of the

model to be simulated.

b. Design and implementation methodology

b.1. Description

Stage 1: Recognition of the software to be used.

e Once the problem is identified, all the programs available in the
market that are offered as part of the solution are recognized.
e |t is discriminated according to program benefits: choice of the

environment controller programming (physical and virtual), Human
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Interface programming environment Machine, Simulator and
communication drivers.

e The recognition of the necessary benefits for the pilot plant is

developed.

e After the choice, the individual programs are connected.

Stage 2: Information gathering and characterization of the model plant.

e |dentification of the plant, survey of the PI&D plant, recognition and
selection of alternative commercial sensors and actuators.
e Mathematical modeling of the pilot plant: modeling of parts and as

a whole, simulation in MATLAB program.

Stage 3: Implementation of Human Machine Interface

e Implementation of the mathematical model in the LabVIEW
interface through the available LabVIEW modules.

e Implementation of the Male Interface Machine in the LabVIEW

interface, creating custom drivers.
Stage 4: Implementation of the training module.

e Selection of the physical controller necessary for the programming
of the plant.
e Sensor selection and alarms necessary for the plant.

e Construction of training module.
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b.2. Blocks diagram

Metodologia de disefio e implementacion.

Reconocimiento de Software a emplear

& > Identificacién de plataforma de programacién HMIy simulador
©
Q
a..‘: P Identificacién de plataforma de programacion del controlador
> Identificacion de software de comunicacién controlador- HMI
- Identificacion de software de comunicacién virtualizado
Levantamiento de informacion y caracterizacion
o » Identificacién de planta modelo (proceso y partes)
©
Q
s
w > Modelado matematico de planta modelo
» Simulacién en MATLAB
» Identificacion de modelos alternativos
Implementacion de Interfaz Hombre Maquina
o
©
Q
Ig > Impl ion de modelo matemético en la plataforma LabVIEW
Implementacion de Interfaz Hombre Maquinaen LabVIEW
Imp lementacion de modulo de entrenamiento
<
a > Seleccion de controlador, actuadoresy alarmas
©
+—
w

Y

Manual de uso

Figure 4: Design and implementation methodology.

22




VI,

VII.

Applications and potential users of the
product

The project is aimed at all those educational institutions and companies
dedicated to training that have as part of their curricular plan the
teaching of courses related to automation, instrumentation and process

control.

Viability
a. Technical viability

The development of the project is supported by the knowledge obtained
during the training received at the university (Industrial Networks,
Process Control, Sensors and signal conditioning) and in turn is
oriented towards the implementation in the areas of practical

reinforcement of the university.

b. Economic feasibility

The project is oriented towards virtualization, so its implementation will
require software, which is used in training centers so they do not

represent additional costs.
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c. Social viability

The project, being oriented towards virtualization, reaches a greater

number of students, which promotes the democratization of education.

d. Operational feasibility

The project is oriented to be implemented in training centers that have

the necessary requirements for training in subjects oriented to process

control, so that the compatibility of software and hardware is assured.

e. Alternatives

As indicated in the section and solve existing solutions, there are

already products on the market that meet the requirements of training

centers, but this product is not necessarily exclusive and replacement.
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VIIl. Weekly project development schedule

Type of activity Activity Week

Documentation e MT818 regulation study 1

e Establishment of project proposal

e Development of chapters: I, Il, Va, VII,
Documentation IX. 2

e Review of background and bibliographic
sources.

e Chapter development: V

Documentation e Development of software connection

documentation. 3

e Recognition of software and hardware to
use.

Technical

Documentation e Development of digital signal test

documentation.
e Software connection development. 4
Technical
e Digital signal testing.
e Development of chapters Ill and IV
e Development of documentation of
Documentation controls associated with analog signals.
e Review of regulations regarding HMI
systems. 5
e Analog signal tests.
Technical

e Recognition of controls associated with
analog signals.

e Development of chapters: report.

e Presentation 1

Documentation e Report Delivery 1

e Custom control development
documentation.

25




Technical

Development of custom controls.

Test custom controls with OPC
connection

Documentation of the floor plan to
simulate.

Documentation

Development of report chapters.

Survey of the floor plan to simulate.

7
Technical Mathematical modeling of the plant to
simulate in MATLAB.
Development of report chapters.
Documentation Analysis and modeling of alternatives to
the plant to simulate.
8
. Analysis and modeling of alternatives to
Technical .
the plant to simulate.
Development of report chapters.
Documentation Developing HMI Implementation
Documentation: Part 1 9
Technical HMI Implementation: Part 1
Development of report chapters.
Documentation Developing HMI Implementation
: 10
Documentation: Part 2
Technical HMI Implementation: Part 2
Development of report chapters.
Documentation Developing HMI Implementation
. 11
Documentation: Part 3
Technical HMI Implementation: Part 3
Chapter development:
Presentation 2
Documentation
Report Delivery 2 12

Video Delivery 1
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Documentation

Chapter development:

Development of PLC module

implementation documentation: Part 1 13
Technical PLC module implementation: Part 1
Chapter development:
Documentation Development of PLC module
. . ) 14
implementation documentation: Part 2
Technical PLC module implementation: Part 2
Chapter development:
Documentation Development of PLC module
: . ) 15
implementation documentation: Part 3
Technical PLC module implementation: Part 3
Final presentation.
Delivery of Final Report.
Documentation 16

Delivery

Video Delivery 2
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Project progress

IX.1. Programming environment configuration

IX.1.1. Objectives

o Recognize the TIA Portal V16 programming environment.
o Describe the PLC configuration process.
e Describe the compilation and simulation process.

IX.1.2. Theoretical support

IX.1.2.1 SIEMENS S7-300 PLC

The S7-300 CPU is a stand-alone, compact and robust device that is

made up of:

e A central processing unit CPU,
e A power source.
¢ Digital inputs and outputs.

e Analog inputs and outputs.

The CPU executes the program and stores the data regarding the
process to be automated. The system controls via digital inputs or
outputs (I / O). The inputs monitor the signals from field devices (eg
sensors, switches, signal transmitters), while the outputs control

actuators (pumps, motors or other process devices). S7-300 CPUs
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have a built-in power supply capable of supplying the CPU, expansion

modules, and other loads that require DC 24 V.

The S7-300 CPU supplies the 5 V direct current required for the
expansion modules in the system. The LEDs indicate the operating
mode of the CPU (RUN or STOP), the state of the physical inputs and

outputs, as well as any detected system faults (SF).

Using expansion modules, additional digital or analog inputs and

outputs (I / O) can be added to the CPU.

Communication modules improve communication performance.

An EEPROM plug-in cartridge (optional) is used to store the entire CPU
program, as well as user data areas and configuration data and transfer
it from one CPU to another, or send it by post to another part of the

world.

The S7-300 also supports an optional battery cartridge that extends the
time that RAM can be backed up after a power failure. The battery
cartridge is activated only when the high-performance capacitor is

discharged. Some CPUs have a built-in real time clock, while others
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may have an (optional) real time clock cartridge. Its purpose is to count
hours of operation, label messages with date and time (accurate to the

second, even in leap years), among other applications. [6]

IX.1.2.2 Programming languages for PLC according to IEC.61131-3

The IEC 61131-3 standard defines five programming languages.
Although the functionality and structure of these languages is very
different, they are treated as a single language family by IEC 61131-3,
with overlapping structure elements (declaration of variables,
organizational parts such as functions and function blocks, etc.) and

configuration items.

Languages can be mixed in any way within a PLC project. The
unification and standardization of these five languages represents a
compromise of historical, regional and specific requirements of each
sector. Future expansion (such as the function block principle or the
Structured Text language) is planned; In addition, the necessary
information on technological details (type of data, etc.) has been

incorporated.
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IX.1.2.2.1 Language of ladder diagram (Ladder Diagram) - LD

Pieza_TipoA Pieza_presente Taladro_ok Mete_funda

I| ‘i [ ]
! | | |
| N | \]
\ J
| \ /
|

Pieza_TipoB

Figure 5: Example of LD language

Ladder Diagram is a graphical programming language derived from
directly wired relay control circuit diagrams. The ladder diagram
contains power lines to the right and left of the diagram; The terminals
are connected to these lines, which are made up of contacts (normally

open and normally closed) and coil elements, see example in Figure 5.

IX.1.2.2.2 Function block diagram language - FBD

OR AND

Pieza_TipoA Mete_funda

Pieza_TipoB

Pieza_presente |—

Taladro_ok

Figure 6: Example of FBD language
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In the function block diagram, functions and function blocks are
graphically represented and interconnected in networks. The function
block diagram has its origin in the logic diagram that is used in the

design of electronic circuits, example in Figure 6.

IX.1.2.2.3 Language of instruction lists (Stament List or
Instruction List) - IL

The instruction list is an Assembler-type textual language,
characterized by a simple machine model (processor with only one
register). The list of instructions is formulated from control instructions
consisting of an operator and an operand, as an example we have

Figure 7.

LD Pieza_TipoA
OR  Pieza_TipoB
AND Pieza_presente
AND Taladro_ok

ST Mete_funda

Figure 7: IL language example

In terms of language philosophy, the ladder diagram, function block
diagram and instruction list have been defined as they are used in
current PLC technology. However, they are limited to the basic
functions as far as their elements are concerned. This essentially sets
them apart from the dialects that companies use today. The
competitiveness of these languages is maintained due to the use of

blocks and function blocks.
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IX.1.2.2.4 Structured text language (Structure Text) - ST

Structured text is a high-level language based on Pascal, consisting of
expressions and instructions. The instructions can be defined mainly
as: Selection instructions, such as IF ... THEN ... ELSE, etc., Repeating

instructions such as FOR, WHILE etc. and function block calls.

Mete_funda = (Pieza_TipoA OR Pieza_TipoB) AND Pieza_presente AND Taladro_OK:;

Figure 8: ST language example

The structured text shown in Figure 8 allows the formulation of
numerous applications, beyond pure function technology, such as
algorithms (higher level regulation algorithms, etc.) and data
management (data analysis, data processing complex data structures,

etc.)

IX.1.2.3 Sequential Function Chart - SFC

The sequential function chart (almost identical to the French
GRAFCET) (see Figure 9) is a language resource for structuring

sequence-oriented control programs.
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Etapa_2 — S | Cilindro_1 Pos_1

—+Pos_1

l Etapa_3 l»— S | Cilindro_2
S | Vacio_activo | Vac_on

-+ Vac_on

[ Etapa_4 H R] Cilindro_1__ | Pos 2 |

- Pos_2

Figure 9: SF language example

The elements of the sequential function chart are alternate and parallel
stages, transitions, and leads. Each stage represents a process state
of a control program, which is active or inactive. One stage consists of
actions that, like transitions, are formulated in the IEC 1131-3
languages. The actions themselves may again contain sequential
structures. This feature allows the hierarchical structure of a control
program. Therefore, the sequential function chart is an excellent tool for

designing and structuring control programs.
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IX.1.3. Progress analysis

The following describes the configuration process for the S7-300.

e [P Address Configuration

» Step 1: Left click on the RJ45 port.

PruebaNTPS1 » PLC 1 [CPU 314C-2 PN/DP]

e [nc crusrcamon [5) 5 (4] @
1 5 6
Perfil soporte_0
‘|
(<] w 150%

Fig. 10: Step 1
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» Step 2: General: Internet addresses: IP Protocol: Configure IP
Address at your convenience.

Al T

_J General | VariablesIO | Constantes de siste... | Textos |
General Il [ Agregar subred |
Sincrenizacion heraria Protocolo IP
Modo de operacién
» Opciones avanzadas (%) Ajustar direccién IP en el proyecto
Direcciones de diagnéstico

DirecciénIP: | 192.168.0 .15

Mascara de subred:
255.255.255.0

[:] Utilizar router

Direccion router

() Permitir ajustar la direccién IP directamente en el dispositivo

PROFINET

Fig. 11: Step 2

e Programming, Compilation and simulation.

» Step 1: Write program in Main

Proyecto  Edicibn Ver Insertar Online Opciones Herramientas Ventana Ayuda

j BH Guardar proyecto a x Eﬂ b4 ‘)i f‘! ’% ‘=nJ|I m m Fw!r ﬁ' Establecer conexién online [‘3 Deshacer conexién online ﬁuh? [E [E _}(J

PruebaNTPS1 *» PLC_1[CPU 314C-2 PN/DP] * Bloques de programa * Main [OB1]

Dispositivos

[ ERe 8- B G A = G282 1o
Main
> ] PruebaNTPS1 z Hombre Tipo de datos Offset Valor predet. Comentario
I Agregar dispositivo [ |z a-= OB1_EV_CLASS Byte 0.0 Bits 0-3 = 1 (Coming event), Bits <
s Dispositivos y redes 3 @-n OB1_SCAN_1 Byte 1.0 1 (Cold restart scan 1of OB 1), 3 (
i r\_ﬂ PLC_1 [CPU 314C-2 PN/DP] 4 |4a= OB1_PRIORITY Byte 2.0 Priority of OB Execution
Y configuracion de dispositi., =
%] online y diagnéstico bk A = —

~ g Blo rograma - =
B Agregar nuevdklogue « Titulo del bloque: “Main Program Sweep (Cycle)”

( & Main [0B1] Comentario

[i& Backups online
[i, Datos de proxy de disposi.. 1T VT
B Informacién del programa
L supervisiones y avisos del
|Z] Listas de textos de aviso P,

3 bjetos tecnoloaffos — Segmento 1:

J Fuentes externas o

» L variables PLC —] cemenEne

v ) Tipos de datos PLC

» lzzl Tablas de observaciony f.. MO %QOO
s Start’ Led
13

Fig. 12: Step 1
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» Step 2: Proceed to compile (1) and Simulate (2).

Proyecte Edicion Wer Insertar Online Opciones Hemamientags—Ventana __Ayuda

55 T Bl Guerdarproyecto | @ M % B X 0 (a2

Fig. 13: Step 2

» Step 3: Activate RUN-P mode: Activate Marks (1): Activate
outputs (2).

[l S7-PLCSIM1 - ] >

Archivoe Edicion Ver Insertar PLC Ejecutar Herramientas Ventana Ayuda

PRI e DI EEILG R E & e =R M

ad
' MEo [=] O [&R]Eae

[MBo |bits =] || [eBo

SF

Ica

O pp :
EESNFRUN 7 65 4 3 2 10 7 6
= sop STOP MRES||[C T OO |0 C

Pulse F1 para obtener Ayuda. |Default: MPI=2 DP=2 Local=2 IP=192.168. /Ai

Fig. 14: Step 3

» Step 4: Select, load (hardware and software) and check

simulation
Vista preliminar Carga %
9 Comprobar antes de cargar
Estado || Destine Mensaje | Accién |
& -~ mc Listo para operacion de carga. Cargar 'PLC_1"
(] Médulo simulade  La carga se efectda con un PLC simulado.
(] ~ Software Cargar software en dispositivo Cargar seleccion
(V] ~ Cargarendisp... Bloques que no existen online.
° Main [OB1] (seleccionado) =] Cargar en dispositivo
=] [ 2] =
=
ha

|t | = ——

[ ereiz [ camar 1| cancelar | |
a)

Fig. 15: Step 4
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IX.1.4. Results, measurements and validation.

The figure shows the correct operation of the simulation of the test
program developed.

(=2 % 5 B2 Wi B @ Estsblecer conexan online ¥ Deshacer conexon online | g3 IS I | %€

LU y -
;IS
T @ s7-pLCSIMIT .
@ L ERER8@ra:HpCcaad % g &[T . Archivo Edicion Ver Insertar PLC Ejecutar Herramientas Ventana Ayuda
Main - - B - | D&M O [ecsmreenp) v 28RN gegagaaaaal
E L s ke — -
~  Segmento1: Blogue IO Digital m‘:‘ = = | @ | 3 |Emso =] B S =
c 5 op  RUN-P [MBo [Bits -] | [eBo [6
O
%W0.0 %Q0.0 Ly e hu 7654 3210 7654 3
‘S‘tan “Led @ stop | STOP MRESJ e ] rF B EE e =
=P =
MD200 [Tiempo =] || [Mw10 [o
¥  Segmento 2: Blogue IO Anzlogico : Timer 1

Fig. 16: Validation

IX.1.5. Problems

There were no problems when making progress progress.

[X.1.6. Comments

It should be taken into account that not all the models available in the
TIA platform are capable of being simulated, it is a factor to take into

account if a comparison is to be made between a simulated plant and
areal plant.

IX.2. NetToPLCsim configuration (v 14.2.4.0)
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IX.2.1. Objectives

o Recognize the NetToPLCsim environment.

e Describe the NetToPLCsim configuration process.

IX.2.2. Theoretical support

[X.2.2.1 NetToPLCsim

NetToPLCsim allows you to access the PLC simulator, S7-Plcsim from
your network through TCP / IP communication (Iso-On-TCP), using the
network interface of the PC on which the simulation is running. It is
useful for testing a client application (SCADA, HMI, etc.) together with

S7-Plcsim, without a real PLC.

NetToPLCsim is free software, you can redistribute and / or modify it
under the terms of the GNU Lesser General Public License published
by the Free Software Foundation, either version 3 of the License or (at

your option) any later version. [7]
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IX.2.2.2 TCP/IP

Under the acronym TCP / IP (Transfer Control Protocol / Internet
Protocol) a package of data communication protocols is grouped. The
package takes this name from two of the protocols that make it up,
TCP, or Transfer Control Protocol, and IP, or Internet Protocol, two of
the most important protocols that we can find in said package. Taking
this into account, from now on we will refer to said packet as the TCP

/ IP protocols, in the plural. [9]

IX.2.2.2.1 Features

TCP / IP protocols have the following characteristics:

o They are free and open protocol standards. Its development
and madifications are made by consensus, not at the will of a
specific manufacturer. Anyone can develop products that meet
your specifications.

o Independence at the software and hardware level Their wide
use makes them especially suitable for interconnecting
equipment from different manufacturers, not only to the Internet
but also to form local networks. The independence of the
hardware allows us to integrate several types of networks

(Ethernet, Token Ring, X.25 ...) into a single one.
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o They provide a common addressing scheme that enables one
TCP / IP device to locate any other device anywhere on the
network.

o They are high-level standardized protocols that support user

services and are widely available and consistent.

IX.2.2.3 TCP / IP ports

The IP address is used to uniquely identify a computer on the network
while the port number specifies the application to which the data is
directed. Thus, when the equipment receives information that is
directed to a port, the data is sent to the related application. If it is a
request sent to the application, the application is called a server
application. If it is a response, then we are talking about a client
application. There are thousands of ports (encoded in 16 bits, which
means that there are 65536 possibilities). That is why the IANA
(Internet Assigned Numbers Authority) developed a standard

application to help with network configurations.

Ports 0 to 1023 are the "known ports" or reserved. Generally speaking,
they are reserved for system processes or programs run by privileged
users. However, a network administrator can connect services with

ports of his choice.
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o Ports 1024 through 49151 are the "registered ports".
o Ports 49152 through 65535 are the "dynamic and / or private

ports”.

Some of the most commonly used known ports are listed in Table 4

below:
port Service or application
twenty- FTP (File Transfer Protocol)
one
2.3 Telnet (TELecommunication NETwork Terminal Client)
25 SMTP (Simple Mail Transfer Protocol Protocol
Simple of
Mail Transfer)
53 DNS (Domain Name System Domain Name System)
HTTP (HyperText Transfer Protocol)
80
hypertext)
110 POP3 (Post Office Protocol Mail Protocol version 3)

Table 1: Designation of TCP / IP ports reserved for applications
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IX 2.3. Progress analysis

Next, the NetToPLCSim configuration process is described.

» Step 1: Left click on the icon: Run as administrator: Warning:

Yes
n m
i NetT i [
File Tools Help
Name Network address Plcsim address Rack/Slat Status

Version 1.24.0 | Port 102 not available!

il

- 1
Warning X

| Port 102 is in use!

- Before you can use NetToPLCsim you have to stop the
program which uses this port, Seems to be the ‘SIMATIC
S7DOS Help Service' ‘s7oiehsx64

If you have started NetToPLCsim with administrative rights, I
the service could automatically be stopped.

Try to stop this service?

E No Cancelar
[l

Fig. 17: Step 1

» Step 2: Wait until step 5 and OK.

ﬁ\e‘:'@ltif"r::fo = O X !
File Tools Help

3bC
Name Network address Plcsim address Rack/Slot Status ‘N -
B Get Port 102 ><1

Step 5) Checking TCP Port 102...0K. Port 102 is available.

Success! You are ready to use Net ToPLCsim :)

EETEs———
ok ] €
T Cox ]

Version 1.24.0 | Port 102 not available!

Fig. 18: Step 2

7 Gnek izauerao sobr
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» Step 3: Press Add to create server.

Start Server Add

Version 1.24.0 | Port 102 OK

Fig. 19: Step 3

» Step 4: Network IP addresses: XXX.XXX.XXX.XXX [Siemens
PLCSIM Virtual Ethernet Adapter].

IR s 1

Network IP Addresses >

Available network IP addresses

169.254.216.82 - [Realtek PCle GBE Family Controller]
1 163.254.151.162 - [Siemens PLCSIM Vitual Ethemet Adapter]

Fig. 20: Step 4

» Step 5: Network reachable Plcsim PLCs: xXX.XXX.X.Xx [S7-300
CP: The previously configured ip]

| Network reachable PLC =
Network reachable Plcsim PLCs
192.168.0.15 - [S7-300 CP:192.168.0.15] I
{
[
|
| E
b
h
Cancel

o

Fig. 21: Step 5
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» Step 6: Plcsim Rack / Slot: 0/2 [For S7-300], Ok.

- Station X B

Station Data

Name PLCH#001
Network IP Address ~[169.254.151.162 e
Plosim IP Address  [152.168.0.15 ]

4 PesmRack/Sot [0 v/ |2 ~ r
4 [ Enable TSAP check [
Posttion of CPU
¢ - §7-300: Always 0/2
- §7-400: 0/2 or from HWKonfig "

- §7-1200/1500: Always 0/1

OK Cancel b

Fig. 22: Step 6

» Step 7: Start Server, and the server will be operating.

B NetToPLCsim:s7c - O X

File Tools Help

Name Network address Plcsim address Rack/Slot Status

PLC#001 169.254.151.162 192.168.0.15

Start Server Stop Server Modfy | | Delete

Version 1.2.4.0 | Port 102 OK |

Fig. 23: Step 7
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IX.2.4. Results, measurements and validation.

Figure 18 shows the correct operating status, in the following advances
the objective of the connection and the verification of the connection
between the softwares to be used is proposed.

i I i —— e .

1 B NetToPLCsim:s7o = m} X

File Tools Help

Name Network address Plcsim address Rack/Slot Status

PLC#001 169.254.151.162 192.168.0.15 RUNNING

Stop Server

Version 1.2.4.0 | Port 102 OK

Fig. 24: Correct operating status.

IX.2.5. Problems

There were no problems when making progress progress.

[X.2.6. Comments

Being free software, and not belonging to SIEMENS products, it
is susceptible to unforeseen errors when simulating certain
devices, there were no problems in the updated version, but it is
recommended to review the comment forum of the installer
housing.
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IX.3. NI OPC Servers 2016 configuration.

IX.3.1. Objectives

e Recognize the NI-OPC-Server 2016 configuration environment.
e Describe the NI-OPC-Server 2016 configuration process.

IX.3.2. Theoretical support

IX.3.2.1 OPC (OLE for Process Control - Object Linking and

Embedding)

[X.3.2.1.1. Definition

An OPC server is a software application (driver) that conforms
to one or more specifications defined by the OPC Foundation.
The OPC Server acts as an interface communicating on the
one hand with one or more data sources using their native
protocols (typically PLCs, DCSs, scales, | / O modules,
controllers, etc.) and on the other hand with OPC Clients
(typically SCADAs , HMIs, report generators, graph generators,
calculation applications, etc.). In an OPC Client / OPC Server
architecture, the OPC Server is the slave while the OPC Client
is the master. Communications between the OPC Client and
the OPC Server are bi-directional, which means that the Clients
can read and write to the devices through the OPC Server. [9]
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1X.3.2.1.2 Types

There are four types of OPC servers defined by the OPC Foundation,

and they are as follows:

e OPC DA server: Based on Spezifikationsbasis: OPC Data
Access - specially designed for real-time data transmission.

e OPC HDA Server: Based on the Historic Data Access
specification that provides the OPC HDA Client with historical
data.

e OPC A&E Server: Based on the Alarms and Events
specification - transfers Alarms and Events from the device to
the OPC A&E Client.

e OPC UA server: Based on the Unified Architecture
specification - based on the newest and most advanced set from
the OPC Foundation, it allows OPC Servers to work with any

type of data.

Collectively, the first three types of OPC Servers are known as "Classic"
OPC Servers to distinguish them from OPC UA which will become the

basis for future OPC architectures.
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IX.3.2.1.3 Structure

1. OPC Client / OPC Server Communications (OPC DA
Server, OPC HDA Server, OPC A&E Server)

Classic OPC Servers use the Microsoft Windows COM/ DCOM
infrastructure for data exchange. Which means that those OPC
Servers must be installed under the Microsoft Windows
Operating System. An OPC Server can support communication

with multiple OPC Clients simultaneously.

2. OPC Server - Data Translation / Mapping

The main function of an OPC Server is to translate native data
from the data source into an OPC format that is compatible with
one or more OPC specifications mentioned above (example:
OPC DA for realtime data). The OPC Foundation
specifications only define the OPC portion of the OPC Server
communications, so the efficiency and quality of translation
from native to OPC and from OPC to native protocol depends

entirely on the developer's implementation of the OPC Server.

50



@ MatrikonOPC

, o

e
OPC Client - OPC Server

Communications
(1 or many OPC Clients)

OPC

L ee—T
3) OPC Server
NATIVE
N
3) [ —————]

OPC Server - Data Source

Communications
(1 or many Data Sources)

Figure 25. OPC structure

3. OPC Server - Data Source Communication

OPC Servers communicate natively with data sources, for
example: devices, drivers and applications. The OPC
Foundation specifications do not specify how the OPC Server
should communicate with the data source because there are a
wide variety of data sources available on the market. Every
PLC, DCS, controller, etc. It has its own communication
protocol or API that in turn allows the use of any number of
physical connections (serial RS485 / 232, Ethernet, Wireless,
proprietary networks, etc.).

Two common examples of how OPC Servers communicate

with the Data Source are:
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e Through an application programming interface (API) to

a custom driver written specifically for the Data Source.

e Through a protocol that may or may not be proprietary,

or based on an open standard (for example, using the

Modbus protocol).

IX.3.3. Progress analysis

» Step 1: Click to add a channel: New Channel

Sy Fery 3y raFws-agncy

@ NI OPC Servers - Runtime

File Edit View Tools Runtime Help

L
Jd = 2| 9 a =9 . ES
S EEpp—

3 < New Channel

[

Figure 26. Step 1
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» Step 2: Channel name: Write name to identify our channel> Next.

Mew Channel - Identification

X

channel name can be from 1to 256
aracters in length.

Names can not contain periods, double
otations or start with an underscore.

Channel name:
|NTP=I

[P R TS B TSI Tl

< Alras Siguiente > Cancelar Ayuda I

Figure 27: Step 2

» Step 3: Device driver: Siemens TCP / IP Ethernet> Next.

New Channel - Device Driver

x

the device driver you want to assign to
channel.

drop-down list below contains the names of
| the drivers that are installed on your system.

<hrss | Sguente> |  Canceler | Ayda |

Figure 28: Step 3
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» Step 4: Network Adapter: Default> Next to Finish.

Mew Channel - Network Interface X

This channel is configured to communicate over
a network. You can select the network adapter
that the driver should use from the list below.

Select ‘Default’ if you want the operating system
to choose the network adapter for you.

< Atrds I Siguiente > I Cancelar Ayuda

Figure 29: Step 4

(TSR TE T BN TSI 1) B

» Step 5: Click to add a device.

@ NI OPC Servers - Runtime
File Edit View Tools Runtime Help
D PMEEF 94 an x| E

=45 NTPs
i Click to add a device.

Figure 30: Step 5
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» Step 6: Device name: S7-300 (Choose name to identify)> Next

MNew Device - Name x
device name can be from 1to 256 characters
length.
Names can not contain periods. double
ions or start with an underscore.
Device name:
IS?—M
i
(
; <oz | siquiente > Cancelar Apca |
[T

1 Siemana T P/IP Hhamat davics drvar

Figure 31: Step 6

» Step 7: S7-300 (Choose the model we are simulating)> Next
Figure 32: Step 7

New Device - Model =

device you are defining uses a device
iver that supports more than one model. The
st below shows all supported models.

a model that best describes the device
e -

<hrds [ Souente> | Cancelar Auda |

2 = e =y

~ Cimmmame TD 1D CHasmmet Asuine Aduse
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»  Step 8: xxX.xXxx.xxx.xxx (Write NetToPLCsim Network addres)> Next, until
finished.

Metwork address

169.254.151.162

New Device - ID X

device you are defining may be multidropped as
it of a network of devices. In order to communicate
the device, it must be assigned a unique ID.

'our documentation for the device may refer to this as
“Network ID" or "Network Address.”

Device ID:
|169_254.151.162|

TT

=5 1 1l

~

<Ards [ Sguente> | Cancelr | Apda

~ Clamans TT P 7P Hhamat Aawvica Advar

g3 5

Figure 33: Step 8

» Step 9: Select <Device Name> (1).
» Step 10: Clock to add a static tag.

@ NI OPC Servers - Runtime
File Edit View Tools Runtime Help

DS Jd2 | 9MEE |9 4 0w < |E

B-EL Tag Name - | Address Data T Scan Rate Scalin Description
o m 57-300 :'_;:;:5- Click to add a statictag. Tags are not required, but are browsable by OPC clients

Figure 34: Step 9 and Step 10

» Step 11: Configure variable, according to characteristics> OK.
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Tag Prpeie

Name: Il.ed

Address: |00-0

D I

~Datap

EM
et

Data type:
Client access:

Scan rate:

Note: The scan rate is only used for client applications that do not
specify a rate when referencing this tag (e.g.. non-OPC clients)

Boolean vl
.

100 -4 miliseconds

DL Xt e s e giaeg;

Aceptar I Cancelar Aplicar Ayuda

ONMQUIALIoN Session staned by cano as Ueraur user (R/W)

Figure 35: Step 11

» Step 12: Check the creation of the tag.
» Step 13: Click on OPC Quick Client (1).

')luia.ﬁx

Tag Name /| Address | Data Type | Scan Rate | Scaling | Description
9 Led Boolean

Figure 36: Step 11 and Step 12
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[X.3.4. Results, measurements and validation.

e Figure 18 shows the correct operating status, it is checked with the
Good status in the Quality item and the changes in the values in Valué,
according to the changes made in the simulator.

[8€ 0PC Quick Client - Sin titulo * - a X
File Edit View Tools Help
DEFM o e b BEX
=5 National Instruments.NIOPCServers.V5 fem ID [ Data Type [ Value [ Timestamp | Quality |_Update Count
(& _System @INTPs.57-300_Rack Byte 0 13:25:52.236 Good 1
() NTPs._Statistics @INTPs.57-300_Siot  Byte 2 132552236 Good 1
£ NTPs Sytem @INTPs.57:300Led  Boolean 1 13255238 Good 1
= NTPs 57-300
(& NTPs 57-300_Statistics
& NTPs 57-300_System
< >
Date Time Event Py
@ 18/10/2020 13.2552 Added group NTPs..
@ 18102020 132552 Added 7 tems to gro..
@ 18/10/2020 132552 Added 17 tems to .
@ 18102020 132552 Added 1 tems to gro... v
Ready lkem Count: 63
=

Pigur;z 37: Validation

IX.3.5. Problems

¢ In the case of the NI OPC Server 2013, you will only have drivers for
drivers manufactured before 2013. If you want drivers for more recent
drivers, for example S7-1500, you will need to update to version 2016
or an updated OPC from another brand. [10]

IX.3.6. Comments

e For the test on the S7-1500 controller, the NI OPC Server 2016 version

was used, in both cases the configuration is the same.

58



IX.4. NI LabVIEW 2015

IX.4.1. Objectives

e Recognize the LabVIEW programming environment.

o Describe the LabVIEW setup process.

IX.4.2. Theoretical support

IX.4.2.1. Definition

LabVIEW is a general-purpose application development program that
National Instruments (NI) has created to facilitate the programming of
virtual instruments (VI's). LabVIEW is in charge of managing computer

resources through a simple, fast and efficient environment.

In this way, development times are greatly reduced when making

programs. The programming language is graphical.

This program was created by NI 1976 to run on MAC machines, it was
first released in 1986. It is now available for Windows, UNIX, and MAC

platforms.
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The programs made with LabVIEW are called VI (Virtual Instrument),
which gives a perspective of their use in origin: instrument control.
Among its objectives are to reduce the development time of
applications of all kinds (not only in Test, Control and Design areas)

and to allow non-expert programmers to enter computing.

In addition to distributing only software, National Instruments also
manufactures hardware to associate with its software, develops
hardware such as data acquisition cards, PACs, Vision (Cameras,

Artificial Intelligence), and couples hardware from other companies.

IX.4.2.2. Characteristics

Its main feature is ease of use, valid for professional programmers and
people with little programming knowledge can make relatively complex

programs, impossible with traditional languages.

For lovers of the complex, with LabView you can create programs of
thousands of VI's (equivalent to millions of pages of text code) for
complex applications, automation programs of tens of thousands of | /
O points, etc. There are even good scheduling practices to optimize

scheduling performance and quality.

The main features of LabVIEW are as follows:
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Graphic development environment; the text code that we are
used to using disappears. This results in a more intuitive way of
programming.
Design of the graphical interface of the virtual instrument, using
predesigned elements (numerical controls, graphs, etc.).
Automatic management in the creation of execution threads.
Conventional tools for debugging programs (VI's): step-by-step
execution, breakpoints, data flow, etc.
Modular programming.
Visualization and handling of graphs with dynamic data.
Acquisition and treatment of images.
Motion control (combined even with all of the above).
Real time strictly speaking.
FPGA's programming for control or validation.
Synchronization between devices.
Communications interfaces:

o Serial port (RS232, RS422, RS485)

o Parallel port

o GPIB protocol

o PXl

o VWXI

o TCP/IP, UDP, Data Socket

o Irda (Infrared Port)

o Bluetooth

o USB
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o OPC
e Ability to interact with other languages and applications:

o DLL: Dynamic function libraries

o NET
o ActiveX
o MultiSim

o Matlab (Math Script)

o AutoCad, SolidWorks

Signal acquisition is the process of obtaining or generating information
in an automated way from analog and digital measurement resources

such as sensors and devices under test.

Data acquisition basically consists of capturing a physical signal and
taking it to a computer, this means taking a set of measurable variables
in physical form and converting them into electrical voltages, in such a

way that they can be used or can be read on the PC.

It is necessary for the physical signal to go through a series of stages
that allow the computer to be able to interpret the signal sent. Once the
electrical signals have been transformed into digital signals within the
memory of the PC, they can be processed with an application program

suitable for the use that the user wishes.

In the same way that an electrical signal is taken and transformed into

a digital one within the computer, a digital or binary signal can be taken
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and converted into an electrical one, in this way the PC can send

signals to actuating devices.

IX.4.2.2. Stages of data acquisition

Transductores del
Proceso Fisico

Y

Acondicionamiento
y Amplificacion de
la Senal

h 4

Adquisicion de Datos

Y

Computadora Personal |« Software de Manejo

Figure 38. Stages of data acquisition

The physical signal goes through a series of stages in order to

be read by the computer, these are:

Transducer stage: Transducers are devices that convert a physical

signal (such as pressure, temperature, light) into electrical signals of

voltage or current.
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Transmission stage:lt allows sending the output signals from one
stage to another located in a remote location. For distances that are not
excessive, it is common to use a 4-20 mA current loop for the
transmission of signals or in other cases using either 0-5 V or 0-10 V

voltage.

Conditioning stage: It contains electronic circuits responsible for
transforming the sensing signals into new electrical variables, so that
they are easier to deal with by the rest of the system stages, it involves

noise filtering, stepping, adjustment to the A/ D converter interval, etc.

Acquisition stage: It performs the transformation of analog information
into a digital format, which makes possible further processing and

storage through the use of a computer.

Processing stage: It takes place inside the computer, it consists of
carrying out operations on the digital information obtained: decisions for
the control of a system, detection of alarm situations, correction of

measurements, storage and information reports.
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IX.4.2.3. Signal classification

SISTEMA DE INFORMACION

. ADQUISICION o Velocidad
SENAL | DEDATOS » o Nivel
o Forma
o Estado

o Frecuencia

Figure 39: Information carried by a signal

A signal is a physical quantity that contains information both in
magnitude and in time. These signals can be of different nature and
therefore their physical units can be diverse. For the signal conditioner,
the signal to be measured must be converted into an electrical signal,

such as voltage or current using a transducer.

All analog signals are variable with time. However, to discuss signal
measurement methods, a classification of the signals is made. A signal
is classified as ANALOG or DIGITAL signal, according to the way the
information is transported. A digital or binary signal has only two
possible discrete levels, one high and the other low. An analog signal
contains information on the continuous variation of the signal with

respect to time.
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Figure. 40: Information carried by a signal

IX.4.2.3.1. ON-OFF signals

This signal carries the information in the immediate digital state of the
signal. A digital status detector is used to measure that type of signal.

The output of a switch or the output of a device with TTL logic is an

example of the digital ON-OFF signal.

IX.4.2.3.2. Pulse train digital signal

This sign consists of a series of transitory states. The information is

contained in the number of transient states that occurred, the speed at
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which the transient occurred, or the time between one or more transient
states. The output signal of an electronic optocoupler mounted on the

shaft of a motor is an example of the pulse train signal.

IX.4.2.3.3. Analog DC signal

Analog DC signals are static or have a slow variation. The most
important characteristic of DC signals is the level or the amplitude, the
precision in the level measurement is what matters more than the time
or the speed at which the measurement was taken, that is why the
instrument or Plug- in DAQ that measures the analog signal DC
operates an analog digital converter ADC, changing the analog signal

to a digital value, so that the computer can interpret it.

IX.4.2.4. Process control and monitoring

With this tool you can easily create user interfaces for virtual

instrumentation without the need to develop programming code.

To specify the functions, it is only necessary to construct block
diagrams. You have access to a controls palette from which you can
choose numerical displays, meters, thermometers, tanks, graphs, etc.,

and include them in any of the control projects that are being designed.

67



It is based on a data flow programming model called G, which frees
programmers from the rigidity of text-based architectures. It is also,
according to NI, the only graphical programming system that has a
compiler that generates optimized code, whose execution speed is
comparable to the C language. The developments built are fully
compatible with the VISA, GPIB, VXI and alliance standards. of VXI
Plug & Play systems. To further facilitate the operation of this product,
it has the inclusion of an assistant tool capable of automatically
detecting any instrument connected to the computer, installing the
appropriate drivers and facilitating communication with the instrument

instantly.

Although it was originally created to build virtual instrumentation -
oscilloscopes, function generators, voltmeters, etc.—, thanks to the wide
availability of data acquisition cards and the ease of building
applications in a graphical environment, the latest versions have been
used widely to develop applications in process control. In addition, NI
introduced from the version of LabView 6i, the combination of the
traditional functions of the product combined with some tools for the
Internet environment. This is the case of the LabView Player, an add-
on that makes it easy to run applications over the network without

having the full LabView product.
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IX.4.2.5. Graphic interface

IX.4.2.5.1. VI front panel

The interactive user interface of a VI is called the Front Panel because

it simulates the dashboard of a physical instrument.

The front panel can contain knobs, buttons, graphics and other controls
and indicators, that is, it can be built according to the user's need. The
controls simulate equipment input instruments and supply data to the
VI block diagram - these can be buttons, push buttons, markers, and

other input components.

3 Untitled 1 Front Panel E@ﬁ‘

File Edit View Project Operste Tools Window Help

+||Search ENE]

Main Application Instance| ¢

Figure 41: VI front panel

The indicators simulate instrument outputs and provide data that the

block diagram acquires or generates, among others, these can be
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graphs, lights and other output devices, these interact with the VI

terminals.

IX.4.2.5.2.Control palette

The control palette in LabVIEW provides the tools required to interface
the VI with the user, on the front panel only.

To display the controls palette, you need to right-click on the front panel
space in the same way to hide it.

<] Controls Q Search |

Modern
System

Classic

*r ¥ v v

Express
) H »
i:. oy I—l ohe ]
Fe
Murmn Ctrls Buttons Text Ctrls
b 3

Iy s
rriEs 0

User Ctrls MNum Inds LEDs

¥ S—

.}
TextInds  Graph Indica...

Control Design & Simulation

MET 8 ActiveX

Signal Precessing

Addons

User Controls

*r ¥ ¥ ¥ v

Select a Control...
Robotics

D5C Module

MXT Robotics

RF Communications
Sound & Vibration

Vision

* ry v v v v

e

Change Visible Palettes...

Figure 42: Control palette
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IX.4.2.5.3. VI Block diagram

Vls receive instructions from a block diagram that unfolds in G. The
block diagram is a graphical solution to a programming problem and is

also the source code for VIs.

In the block diagram, the front panel objects appear as terminals, in
addition the block diagram contains functions and structures
incorporated in the LabVIEW libraries, the cables connect each of the
nodes in the block diagram, including controls and indicators of

terminal, functions and structures.

{3 Untitled 1 Block Diagram | B
File Edit View Project Operate Tools Window Help ‘
>[®] @[n][@][25] [ba]@]o [ 15t Dialog Font [T~ [ [+ Q [z

Main Application Instance < 3

Figure 43: VI Block Diagram

VIs are hierarchical and modular. They can be used as main programs,
or as subprograms within other programs. A VI within another VI is
called a subVIl. The VI icon and connector works as a graphical
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parameter list so that other VIs can pass data to a subVI.

IX.4.2.5.4.Features palette

The functions palette is used in the design of the block diagram, it also
contains all the objects used in the implementation of the VI program,
whether they are arithmetic functions, input / output signals, input /

output data to file, acquisition of signals, timing of program execution.

-L”] Functions . Q Search |L'
Programming
Measurement I/0
Instrument I/O
Vision and Motion
Mathematics
Signal Processing
Data Communication
Connectivity
Control Design 8 Simulation

SignalExpress

* v ¥ ¥ v v wv v v wv v

Express

@

Input Signal An

¥
Lal
Sig Manip Exec Control  Arith & Com...

Addons 4

Favorites L4

Fu
e

=1

lysis

(=]
=
I3
b=}
E
=

A
=W
¥ M

User Libraries 4
Select a VI...
Real-Time

FPGA Interface
Robotics

DSC Madule

MNXT Robotics

RF Communications
Sound and Vibration

* v v v v w wv v

Statechart

#

Change Visible Palettes... k

Figure 44: Features palette
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IX.4.2.6. LabVIEW Control Design and Simulation Module

With the LabVIEW Control Design and Simulation Module, you can
simulate dynamic systems, design sophisticated controllers, and
implement your hardware control systems in real time. You can use
both classical and state-space approaches to design controllers and

calculators.

IX.4.2.7. LabVIEW Datalogging and Supervisory Control Module

The LabVIEW Datalogging and Supervisory Control (DSC) Module
extends the benefits of graphical programming to developing
Supervisory Control and Data Acquisition (SCADA) or multi-channel
data logging applications. Use the tools to communicate conventional
programmable logic controllers (PLCs) and programmable automation
controllers (PACs), log data to databases, manage alarms and events,

and create human-machine interfaces (HMIs).

IX.4.2.8. LabVIEW Real-Time Module

The NI LabVIEW Real-Time Module is a complete solution for creating

autonomous and reliable embedded systems with a graphical
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programming approach. As a complement to the LabVIEW
development environment, the module helps you develop and debug
graphical applications that you can download and run on embedded
hardware devices such as NI CompactRIO, CompactDAQ, PXI, vision

systems, or third-party PCs.

IX.4.3. Progress analysis

After recognition of the software, we will proceed to create a project that

will serve as the basis for creating the final project.

» Step 1: Create Project> Blank Project.

£ Create Project m} X
Choose a starting point for the project:
All Blank Project 7empiaies A
@ Creates a blank project.
Templates i

Sample Projects
Blank VI Tempiates

ﬂ Creates 3 blank V.

Simple State Machine Templates
é; Facilitates defining the execution sequence for sections of code. More Information

Queued Message Handler
31 Facilitates multiple sections o
Information

inning in parallel and sending data between them. More

Actor Framework Templates
Creates an application that consists of multiple, independent tasks that communicate with each
other. This template makes extensive use of LabVIEW classes. More Information
Finite Measurement Sample Fro|

"ﬂ Acquires a finite measurement and provides options for exporting the measurement to disk. This
sample project is based on the Simple State Machine template. More Information

Continuous Measurement and Logging sjects
Acquires measurements continuously and logs them to disk. This sample project is based on the
Queued Message Handler template. More Information

Feedback Evaporative Cooler Samp.
e5[f] Implements an evaporative cooler with ho
This sample project is based on the Actor

appable hardwars, controllers, and user interfaces.
nework template. More Information

Instrument Driver Project Templates
Creates an instrument driver.

Touch Panel Praiect Temniates v

Finish Cancel Help

Figure 45: Step 1
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» Step 2: My Computer> New> | / O Server.

Untitled Project 4 - Project Explorer — O *
File Edit View Project Operate Tools Window Help
TR [/ s5  | @ - ] ] O
Items  Files
= [ Project Untitled Project 4 |
=k e T
i Deve Simulation Subsyst
‘% Build Export N imulation Subsystem
Virtual Folder
Import 3
Add 5 Control
Library
Find Project ltems... Variable
Arrange By 4
Expand All Class
Collapse All Actor
XControl
Ele= Web Service
Properties
NI-DAQmx Task
NI-DAQmx Channel
NI-DAQmx Scale
New...
. 00OOO——nre
Figure 46: Step 2
» Step 3: OPC Client> Continue...
Create New |/O Server X
1/O Server Type
Custom VI - Periodic -
Data Set Marking
EPICS Client
EPICS Server
Modbus
Modbus Slave
.
Description
Communicate with OPC (OLE for
Process Control) Servers.
Continue...| | Cancel Help
Figure 47: Step 3
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» Step 4: Configure Update rate: 100 ms (according to project).
» Step 5:Registered OPC servers: National
Instruments.NIOPCServers.V5> OK.

ﬂ Configure OPC Client I/O Server X

Settings  Advanced Diagnostics

Update rate (ms)

Browse Machine i 100
Machine Deadband (%)
localhost Browse... 0
Registered OPC servers Reconnect poll rate (
OPC.SimaticHMILCoRtHmIRTm.1 -~ 120
q National Instruments.Variable Engine.1

; National Instruments.NIOPCServers.V5

Prog ID
Mational Instruments.NIOPCServers.\V'5

Cancel Help
Figure 48: Stepl4 and Step 5

» Step 6: DCOM Configuration Recommendation> OK.

£? DCOM Configuration Recommendation X

National Instruments recommends that you configure the OPC server
to run with an identity of interactive user. Otherwise, you might have

U Do not show this dialog again. OK
Figure 49: Step 6
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» Step 7:Project> My Computer> Untitled Library> OPC1> Create
Bound Variables

Untitled Project 4 * - Project Explorer - O X

File Edit View Prgject Operate Tools Window Help
[fosd xbox|Ew|E-allos ]

Iltems  Files

=& Project: Untitled Project 4
= ® My Computer

=3 Untitled Library 2

- Dependencies View l/O Items

- % Build Specificatio

Create Bound Variables...

Remove From Library
Rename... F2

Properties

Figure 50: Step 7

» Step 8:Project> My Computer> Untitled Library> OPC1> NTPs
(Channel Name)> S7-300 (Device Name)> Select the variables.
» Step 9:Add >>> OK.

Create Bound Variables

Browse Source Added variables

Project Items V Led -
=il Project: Untitled Projec A Rddrange >

=8 My Computer 0
£ Untitled Library 2 solidizis Sl
=® OPC1 Variable
Iil _System
'D NI OPC Client U copy properties from
BIE1 NTPs ~
-CI _Statistics
CI _System v
B $7-300
Iil _Internal
1 Statistic ¥ v
< > << Remove < >

Browse...

Cancel Help

TT e

Figure 51: Step 7 and Step 8
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» Step 10:Multiple Variable Editor> Done.

. Multiple Variable Editor — [} X
© ®H 6|
Path Name| Var Type Data Type Network-Published: | Network-Published: | Network-Published: | Network-Published: | Netw|
bl P Buffering Buffer Size Bind to Source Access Type Bi
Led |...mputer/Untitled Library 2/ |Led |Network-Pu... |Boolean 50 read only Projec
Star | ...mputer/Untitled Library 2/ |Star | Network-Pu... |Boolean 50 read/write Projec
4 2
Done | Help |
— _ M s ATTEFTE PIOEC T UIRTITEn ProeT T & LS
Figure 52: Step 10

» Step 11:Project> My Computer> My Computer> New> VI.

O X
Window Help

Untitled Project 4 * - Project Explorer

File Edit View Project Operate Tools

il

IEXN:A

do

Items  Files

=+ Project: Untitled Proiect 4
& § e
=3 Untitled Libr

%, Led
T3 o Export Slmulatlon Subsystem
L9 star Virtual Folder
i Import 4
Q&-E' Dependencie
: % Build Specifi Add » Conil
Library
Disable Autodeploy Variables Variable
Find Project ltems... VosamEr
Class
Arrange By 4 Actor
Expand All XControl
Collapse All Web Service
Help.. NI-DAQmx Task
Properties MDAy Channal
Figure 53: Step 11

» Step 12:Select the variable to Block Diagram

2 OPC1 pi
& M5
“2' Dependencies

~ s Build Specifications

Figure 54: Step 12
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» Step 13:Control> Left Click> Access Mode> Read / Write

n
e!@ Visible ltems 4

Help

Description and Tip...

Breakpoint »
Structures Palette »
Boolean Palette »
Create »
Replace 3
Change To 3

Show Variable In Project

Replace with Programmatic Access
v Read
Timestamp
Timeout
Reference Mode

Select Variable

v v v v

Remove and Rewire

Properties

Figure 55: Step 13

» Step 14:Connect the variables.

................. b. Lstar

Figure 56: Step 14
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IX.4.4. Results, measurements and validation.

After the connection of the first element, it is ready to do the same
for all the different types of control in the project and the respective

connection is made with the advances made previously, testing the

correct connection and its operation.

[100]
Pulsador Contador Contador
Contador WC
MEscritural MLecturat
=0
-ﬁ;\LMEscritura1\?E| [[RaMiecturat], Ll
Stop Button
[
Figure 57: VI diagram block
Led
Start
T L
u sop
Cotaden e pto V| MEscritural MLecturat
11 | 4.3 6 10-
10- i)
Pulsador Contador o 2- | / -8 =t
-, J 1 -9 8
: ‘ 0 /‘m 7
Contador g 6 ”
A "
o
; ‘ 3
1 2
s s ‘
Time

Figure 58: VI front panel with correct operation
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IX.4.5. Problems

No issues were found during the development of the trailer.

IX.4.6. Comments

The compatibility between the main software and its modules must be
taken into account, preferably all should be the same version of the
year in which it was released. Otherwise, correct operation between
modules and software not belonging to the National Instruments brand

is not guaranteed.
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IX.5. PID control

IX.5.1. . Objectives

e Recognize the LabVIEW programming environment.

e Describe the block configuration processPID_Compact

IX.5.2. Theoretical support

IX.5.2.1 Basic principles of regulation.

1X.5.2.1.1 Regulation loop

A simple example of a regulation loop is the regulation of the room
temperature by means of a heater. The ambient temperature is measured
with a sensor and transmitted to a regulator. This compares the current
room temperature with a setpoint and calculates an output value
(manipulated variable) to control the heating.

Consigna Variable

manipulada oz
\-’alorlealb Regulador ——p Actuador ———p Calefaccion —

Temperatura
Sensor |4 P

Figure 59: Closed control loop

A properly adjusted PID regulator reaches the setpoint as quickly as

possible and then keeps it constant. After a change in the output value,
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the actual value usually changes slowly. This behavior must be

compensated with the regulator.

1X.5.2.1.1 Final elements of regulation

The final control element is a component of the regulation loop and is
influenced by the regulator. In this way a mass or energy flow is modified.

The following table shows the fields of application of the final control

elements.
Aplicacién para Elemento final de control
Flujo masico de liquidos y gases Valvula, compuerta, corredera

Flujo masico solido p. j. carga a granel Valvula de descarga, cinta transportadora, canal vibratorio

Flujo eléctrico Conmutador, contactor, relé, tiristor

Resistor variable, transformador de regulacion, transistor

Figure 60: Final control elements

1X.5.2.1.1 Regulated systems.

The properties of a regulated system are defined by technological and
mechanical aspects that leave a very small margin of influence. For the
regulation to produce good results, it is essential to choose an appropriate
type of regulator, which can be optimally adapted to the speed of response
of the regulated system. Therefore, it is essential to know in depth the
characteristic data and the type of the regulated system in order to be able

to configure the P, I and D action of the regulator.

e Types of regulated systems

Regulated systems are classified according to their speed of response to

sudden changes in the output value.
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The following regulated systems are distinguished:

Regulated systems with compensation.
- Regulated systems type P

- Regulated systems type PT1

- Regulated systems type PT2

Regulated systems without compensation.
Regulated systems with and without dead time.

e Regulated systems with compensation.

Regulated systems type P

In proportional systems the real value follows the output value
almost instantly. The relationship between the actual value and the
output value is expressed by the proportional gain Gain of the

regulated system.

Examples:
- Slide valve in a pipe system
- Voltage divider

- Reduction in hydraulic systems

Regulated systems type PT1

In a PT1-type regulated system, the actual value initially varies in
proportion to the change in the output value. As time elapses, the

actual value changes more slowly (with a delay) until it reaches a

final value.
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Examples:

- Spring damping systems.

- Loading of RC components.
- Steam heated water tank.

The same time constants often apply for heating and cooling
processes or charging and discharging curves. If the time
constants are divergent, regulation becomes much more

complicated.

= Regulated systems type PT2

In a PT2-type regulated system, the real value does not change at
first with a step of the output value, but then increases in an upward
ramp until finally approaching the setpoint with a downward ramp.
The regulated system exhibits a proportional transfer behavior with
2nd degree delay.

Examples:

- Pressure regulation.

- Flow regulation.

- Temperature regulation.

e Regulated systems without compensation.

Regulated systems without compensation show comprehensive

behavior. The real value pursues an infinitely large value
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IX.5.2.1 PID_Compact

The technology object PID_Compact offers a continuous PID controller

with integrated optimization. Furthermore, it is also possible to configure a

pulse regulator. You can choose between manual and automatic mode.

PID-Compact continuously records the actual measured value within a

control loop and compares it with the desired setpoint. From the resulting

regulation error, the PID_Compact instruction calculates an output value,

with which the actual value is equated with the setpoint with maximum

speed and stability. In PID controllers, the output value is made up of three

actions:

Action P
The action P of the output value increases proportionally to the
regulation error.

Action |
The | action of the output value increases until the regulation error is
compensated.

Action D

Action D increases with increasing rate of variation of the regulation
error. The real value equals the setpoint as quickly as possible. If the
speed of change of the regulation error decreases again, so does action
D.

The PID_Compact instruction calculates the P, |, and D parameters for
your regulated system autonomously during initial optimization.
Parameters can be further optimized through fine tuning. It is not
necessary to determine the parameters manually.

PID_Compact is a PIDT1 controller with Anti-Windup and weighting of
the P and D actions.
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1X.5.2.1.1 Algorithm

The PID algorithm works according to the following formula:

1 ( ) + T,"s
Ww-Xx _—
T -s aT,-s+1

[(b-w-x)+ cw-x ]
Descripcion

Valor de salida del algoritmo PID

Ganancia proporcional

Operador laplaciano

Ponderacion de la accion P

Consigna

Valar real

Tiempo de integracion

Tiempo derivativo

Coeficiente para el retardo de la accion derivada (retardo de la accion derivada
Tl1=axTg)

Ponderacion de la accion D
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IX.5.3. Progress analysis

The base program for a PID control will be developed.

» Step 1:Creation of a segment dedicated to the scaling of the Set Point
in the main cycle.

¥  Segmento 1: Setfoint
NORM X SCALE_X
Int to Real Real to Real
EN EN —_—
0— MN %MD 12 0.0—MN %MD 14
VW0 out — "Aux1" %MD12 our — "TIA_SP"
"LV_SP" — VALUE "Aux1" — VALUE
27648 MAX 10.0 MAX
SCALE_X
Real to Real
EN —_
0.0—MN %MD 16
%MD12 out — "TIA_SP%
] "AUX1"— VALUE
100.0 — MAX
Figure 61: Step 1

» Step 2:Creation of segment dedicated to scaling the sensor signal in
the main cycle.

>  Segmento 2: Sefial del sensor
NORM_X SCALE X
Int to Real Real to Real
EN EN
0— MN %GMD22 0.0 —MN %MD24
BMW20 ouT — "Aux2” %MD22 ouT — "TIA_PY"
"LV_VP"— VALUE "AUX2" — VALUE
27648 — MAX 10.0 — MAX
| SCALE_X
Real to Real
T EN
| 0.0—MN %MD26
i %eMD22 ouT — "TIA_PV%
"AuX2" — VALUE
100.0 — MAX

Figure 62: Step 2
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» Step 3:Creation of a segment dedicated to the scaling of the Set Point
in the main cycle.

i~ Segmento 1: ..
Comentaric
%DB1
0 "PID_Compact_1"
PID_Compact
|2 ]
EN ENO
%MD16 %MD30
"TIA_SP%" — Setpoint Output — "OutPID”
%MD26 Output PER — 0
"TIA_PV%" — Input Output PWM—ifalse
0 — Input_PER State — O
Error —false
- ErrorBits — 16+#0
Figure 63: Step 3

» Step 4:0pen configuration window> Basic settings> Configure
according to Figure XX.

Ajustes basicos

Parametros de entrad... X L.
Tipo de regulacién

= Ajustes del valor real
Limites del valor real

Escala del valor real

~ Ajustes avanzados
Menitorizacion del val..
Lirnitaciones PWM
Limites del valor de sa...

| General I+] % [+
[ Invertir sentido de regulacisn

[« Activar Mode tras rearrancar la CPU

Poner Mede a: | Modo automatico [~]

G3333000000

Parametros PID

Pardmetros de entradalsalida

Setpoint:

-
Input: Output:
input [+ louput [+

£33 | I ey =L ]

Figure 64: Step 4
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» Step 5:PID parameters> Activate manual input, disconnected to
activate PID tuner.

o b i

~ Ajustes basicos
Tipo de regulacién
Parametros de entrad...

~ Ajustes del valor real
Limites del valor real
Escala del valor real

~ Ajustes avanzados
Monitorizacion del val...
Limitaciones PWM
Limites del valor de sa...

Parametros PID:

0333 I33A300

Pardmetros PID

[C] Activar entrada manual

Ganancia proporcional:
Tiempo de integracion:
Tiempo derivativo:
Coeficiente retardo derivativo:
Ponderacién de la accién P:
Ponderacion de la accién D:

Tiempo muestreo algoritme PID:

Regla para la optimizacion

Estructura del regulador:

5.240985E-2
5.153276E-1 s

9.413915E-2 s

3.773401E2 s

Figure 65: Step 5

» Step 6:Perform modeling in LabVIEW.

Runge-Kutta 1 [Eulel:a—[

Simulation Time

G ol
[000 E

Halt Simulation

Tiempo d Simulacién
e

i Condicién inicial
Zif(5P==0 &8 TE==0)
23Paut=0;

Play Button

Step Signal

5/f Main
st (s9==1)
?|  7spout-sein;

Pin] 0f Convercian Analogica/Data
01/ 5i1a entada e fisica
EASP=SPout*27648/100;

L
Setboint

PID TIA 5B

ot BaTLA_ PV ) Salida TIA BV

SP_LabVIEW
m

AEmviolab_SP
m

Wiite To

Measuremen

TIA DutPIDC

1/ Cendicién inicial
S

=i Convercién Analogica/Data
E| 5/{ 5ils entada e fisica

Salida PID TIA
m

TiF(sP==1)
EAVB=VP*27648/100;

tFile

Figure 66: VI diagram block
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IX.5.4. Results, measurements and validation.

Starting the simulation, the operation of the auto tuning is checked in the
start-up window.

| 4
Medicion Modo de ajuste
Tiempo de muestreo: (03 5|~ | [M Stop | Optimizacion fina BICES
00> QR QQ TR = 44 0 H
PID_Compact_1 []
0/012021 1
g ,ooJ1
£ P A ) .
s s Hfril = L i T S— i
£ ‘ J = T T~ CurrentSetpoint/Scaledinput
4 Lr
g 108 — -
= 1 r = i oy
(o) | L [ 1 - I
! 1 5 I 1 i =l
) . 1 r e i -
R ) L
5, T T T T T T
0 6 8 10 4 6 8 0 22 24 26 8 0 3 33 6 8 40
s] Segundos -
< Referen.. Nombre Tipoded.. Formatodevis.. Color Grupo de sefales Min_ escala ¥ Méx escalay 1% Unidad
1 @50 CurrentSetp... Real Coma flotante CurentSetpoint.. 0 120 B%
2 @ s Scaledinput  Real comafiotante [  cCurrentSetpoint. 0 120 [BES
3 @ 52 Output Real Coma fiotante [N 0 100 (B
Estado de la optimizacion Estado online del regulador b ol
Progreso: |V7TT7IIIINN WVVIRRIVRITN Setpoint:
Estado: |Optimizscién fina en curzo. (] 5009861 -
| Emorack oz | = ok
Parametros PID 4633833 L 14633461 % | H,
= = [v

Figure 67: St;}t-‘itﬂp window.
The autotune operation is checked on the front panel of the VI.

/)@

VIRTUALIZACION DE MODULOS DE ENTRENAMIENTO ORIENTADOS A LA CAPACITACION DE ESTUDIANTES EN EL
AREA DE CONTROL DE PROCESOS
CURSO: PROYECTO MECATRONICO

PARAMETROS DE ENTRADA

SetPoint

SP_LabVIEW

AEnvioLab SP

PID TIA SP

200318

Stop Button

PARAMETROS DE SIMULACION LABVIEW

fs T

Tiempo de Simulacién

0 e A A VT A
0 10 20 30 40 S0 60 70 80 90 100 110 120 130 140 150 160 170 180 150 200 210 220 230 240 250 260 270 280 290 300
Tiempo (5)

Figure 68: Auto-Tuning in LabVIEW
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With the data obtained we can obtain a better tuning depending on the
needs of our process.

35 @ 51

VIRTUALIZACION DE MODULOS DE ENTRENAMIENTO ORIENTADOS A LA CAPACITACION DE ESTUDIANTES EN EL

PARAMETROS DE ENTRADA PARAMETROS DE SIMULACION LABVIEW
fs T Tiempo de Simulacién
APV [/
Panel Grafico piot2 [/

PARAMETROS TIA

Salida TIA PV

2386412

PIDTIA SP

TIA Out PIDC

3290447 X 7;

0 10 20 30 40 S50 60 70 80 9 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300
Tiempo (s)

Figure 69: Regularized PID

IX.5.5. Problems

e During the development of the preview, the PID Compact block of S7-
1200 modules could not be simulated, whereas with S7-1500 and S7-
300 modules.

IX.5.6. Comments

¢ It should be noted that not all models available on the TIA platform are
capable of simulating its PID block.
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X. Financial and economic report.

Name Quantity Unit cost Total cost Comments

PC (i5 Processor, 16GB RAM, 500GB HDD) 1 0 3000 Available at university

PLC training module (s7-300) 1 0 5000 Available at university

NI LabVIEW 2015 1 0 10,000 Available at university

NI LabVIEW module 2015: Datalogging and 1 0 10,000 Available at university

Supervisory Control Module

NI LabVIEW 2015: Real Time Deveploment 1 0 10,000 Available at university

NetToPLCSim (v14) 1 0 0 Free software

TIA Portal V16 1 0 0 Available in bundle with
purchase of PLC

S7- PLCSim 1 0 0 Available in bundle with
purchase of PLC

TOTAL (Soles): 395000
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XI.

Conclusions and recommendations

The project advance opens the possibility of implementing the project
not only in the process control course, but also in control courses where
it is required to implement other more complex control methods that
can be implemented in LabVIEW, such as the digital control course. ,

non-linear control, etc., under the direction of the teachers in charge.
If you want to implement the simulators in the courses, it is necessary

to create an introductory guide on the LabVIEW environment for better
handling of the virtualized modules.
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XII.

1.

Annexes

XIII.1 List of standards used at work.

IEC 61131-1: 2003 standard: Programmable controllers - Part 1:

General Information.

IEC 61131-1: 2003 applies to programmable controllers (PLCs) and their
associated peripherals, such as programming and debugging tools
(PADT), human-machine interfaces (HMI), etc., intended for control and
command . of machines and industrial processes. Provides definitions
of terms wused in this standard. Identify the main functional
characteristics of programmable controller systems. This second edition
cancels and replaces the first edition published in 1992 and constitutes

a technical revision.

IEC 61131-2: 2017 standard: Programmable controllers - Part 2:
Equipment requirements and tests.

IEC 61131-1: 2017 specifies the functional and electromagnetic
compatibility requirements and related verification tests for any product
where the primary purpose is to perform the function of industrial control
equipment, including PLC and / or PAC, and / or their associated
peripherals that are intended to use the control and command of
machines, automated industrial and manufacturing processes, eg. ex.

discrete, batch and continuous control.
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This fourth edition cancels and replaces the third edition published in
2007. This edition constitutes a technical revision.

. IEC 61131-3: 2013 standard: Programmable controllers - Part 3:

Programming languages.

IEC 61131-3: 2013 specifies the syntax and semantics of a unified set
of programming languages for programmable controllers (PCs). This
suite consists of two textual languages, Instruction List (IL) and
Structured Text (ST), and two graphical languages, Ladder Diagram
(LD) and Function Block Diagram (FBD). This third edition cancels and
replaces the second, published in 2003 and constitutes a technical

revision.

. Standard IEC 61131-4: 2004: Programmable controllers - Part 4:

User guidelines.

Introduces end users of programmable controller (PLC) to the IEC
61131 series and assists end users in the selection and specification of
their PLC equipment in accordance with the IEC 61131 series. This user

guide is primarily intended for users end of PLC.
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5.

IEC 61131-5: 2000 standard: Programmable controllers - Part 5:

Communications.

IEC 61131-5: 2000 specifies communication aspects of a programmable
controller. It specifies from the point of view of a PC how any device can
communicate with a PC as a server and how a PC can communicate
with any device. In particular, it specifies the behavior of the PC as it
provides services on behalf of other devices and the services that the
PC application program can request from other devices. This bilingual
version (2012-08) corresponds to the monolingual version in English,
published in 2000-11.

IEC 61131-8: 2017 standard: Programmable controllers - Part 8:
Guidelines for the application and implementation of programming

languages.

The IEC TR 61131-8: 2017 (E) standard applies to the programming of
programmable controller systems that use the programming languages
defined in the IEC 61131-3 standard. The scope of the IEC 61131-3

standard is applicable to this part.
This document provides:
a) Guidelines for the application of the IEC 61131-3 standard,

b) Guidelines for the application of the languages of the IEC 61131-3

standard for programmable controller systems
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¢) Recommendations on programming and debugging tools (PADT).

This third edition cancels and replaces the second edition published in
2003.
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XIll.2 Limitations and / or restrictions of the project.

e The main limitation in the development of the project has been the
impossibility of buying the simulation with a real plant, due to the
restriction of admission to the university due to the pandemic.
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