
		
			[image: Fundamentals-of-industrial-communications-in-automation_Portada-EPUB.png]
		

	
		
			[image: ]

		

	
		
		

	
		
			Catalogación en la publicación – Biblioteca Nacional de Colombia

			Gómez Rojas, Jorge, autor

			Fundamentals of industrial communications in automation / Jorge Gómez Rojas, Francisco Ernesto Moreno García, Byron Medina Delgado. -- Primera edición -- Santa Marta : Editorial Unimagdalena, 2022.

			1 recurso en línea : archivo de texto: PDF -- (Ingeniería y Tecnología. Ingeniería Electrónica)

			Incluye datos curriculares de los autores -- Incluye referencias bibliográficas -- Requerimientos de sistema: Adobe Acrobat Reader

			ISBN 978-958-746-548-8 (pdf) -- 978-958-746-549-5 (e-pub)

			1. Sistemas de transmisión de datos 2. Comunicación en los negocios 3. Automatización I. Moreno García, Francisco Ernesto, autor II. Medina Delgado, Byron, autor

			CDD: 621.3981 ed. 23

			CO-BoBN - a1096835

			Primera edición, agosto de 2022

			2022 © Universidad del Magdalena. Derechos Reservados.

			Editorial Unimagdalena

			Carrera 32 n.o 22-08

			Edificio de Innovación y Emprendimiento

			(57 - 605) 4381000 Ext. 1888

			Santa Marta D.T.C.H. - Colombia

			editorial@unimagdalena.edu.co

			https://editorial.unimagdalena.edu.co/

			Colección Ingeniería y Tecnología, serie: Ingeniería Electrónica

			Rector: Pablo Vera Salazar

			Vicerrector de Investigación: Jorge Enrique Elías-Caro

			Coordinador de Publicaciones y Fomento Editorial: Jorge Mario Ortega Iglesias

			Diseño de Editorial: Luis Felipe Márquez Lora

			Diagramación: Eduard Hernández Rodríguez

			Diseño de portada: Andrés Felipe Moreno Toro

			Ilustración de portada: Betty Santamaría Charris (2021)

			Corrección de estilo: Nathalie Barrientos Preciado

			Santa Marta, Colombia, 2022

			ISBN: 978-958-746-548-8 (pdf)

			ISBN: 978-958-746-549-5 (epub)

			DOI: 10.21676/9789587465488

			Impreso y hecho en Colombia - Printed and made in Colombia

			El contenido de esta obra está protegido por las leyes y tratados internacionales en materia de Derecho de Autor. Queda prohibida su reproducción total o parcial por cualquier medio impreso o digital conocido o por conocer. Queda prohibida la comunicación pública por cualquier medio, inclusive a través de redes digitales, sin contar con la previa y expresa autorización de la Universidad del Magdalena.

			Las opiniones expresadas en esta obra son responsabilidad de los autores y no compromete al pensamiento institucional de la Universidad del Magdalena, ni genera responsabilidad frente a terceros.

		

	
		
			“To my family, especially to Nelcy who is my life’s engine”

			“My God, I thank you for giving me life. To my loving wife Sandra and my kids Mariangel and Juan Francisco, for being the joyfulness engines of/in my life and blessings that God has given me.

			To my parents Elizabeth and Ernesto as well as my sister Flor for being an important part of my life. Amen”

			“To my wife Oriana Alexandra and to our children, Oriana and Byron”

		

	
		
			This book represents an important piece of supporting material that will be providing guidance on the Data transmission in Industrial Automation subject. Additionally, the importance and commitment in the deepen study of more specialized issues in automation is highlighted.

			On the other hand, the generation and transfer of knowledge through a textbook without the slightest profit is very satisfactory, simply put, from a personal and professional standpoint it represents something valuable that allows us to see the great things of engineering within the reach of the academic community.

		

	
		
			
Foreword

			Globalization has been consequential in the considerable increase in industrial competition. This increase in the search for market leadership has caused in the industry the need to automate their processes, so that competitive advantages can be offered.

			The use of automated systems demands the additional training of qualified professionals in this specific area with the necessary knowledge to face the day-to-day operational difficulties and adversities as well as also providing reliable solutions to such situations by using versatile technological tools in their implementation.

			In the academic area, the teaching on how to use such technological tools, PLC (programmable logic controllers) for example, has been done along with pedagogical evolved methods taking into consideration the need to acquire knowledge followed up with hands on practice that support said applications.

			 Contrary to the idea of extending the range of topics to be taught, this academic material, designed as support material for low-income students, is strictly oriented for knowledge consolidation and adaptation, within subjects such as Industrial Communications, PLC, Industrial Automation and Supervision, through these applications within this extensive area of electronic engineering and electromechanical engineering. 

			This textbook helps the development of the following competences: 

			
Valoratives

			•Analysis and conceptualization of the different subjects to work. 

			•Development of the ability to synthesize and implement the systems involved.

			•Valuation of practical work to face and troubleshoot in an engineering environment

			
Transversal (Cognitive, Interdisciplinary and Investigative)

			•Cognitive: Logical reasoning ability in order to analyze, determine, and synthesize solutions.

			•Communicative: Studies development such as research and/or consulting.

			•Interdisciplinary: Encourage collaborative work with people from different disciplines

			•Investigative: Promote the development of technological and/or scientific research.

		

	
		
			
Chapter 1: Introduction to automation
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Introduction

			Nowadays society is on a constant relationship with autonomous systems, which were which were developed to ease the tasks in the industrial sector as well as in our homes. The Coexistence with automation is a priority and we hardly notice it: 

			•At the work site, for example the machinery in the production and assembly lines of any factory being it a robot that does heavy work or receives raw material for further processing or even a system in charge of quality control, control of any variable either for its drive or adjustment within any unit operation. 

			[image: ]

			What is a unit operation?

			A unit operation is a total and harmonic set of an industrial transformation process where physical energy of a component is exchanged or a raw material in another different product than initially processed.

			
Redo and Reset!

			•In a home, several tasks can be done using a remote control several such as a garage door opening or closing, burglar alarms, and so on.

			One can say that our lives are surrounded by automation. Our body is a complex machine composed of self-controlled subsystems: vision, digestion, breathing, movement, etc. Which, in comparison, our body has a very close resemblance to an automatic system in general: sensors, comparison and control. Even in the basic example of taking an object with a hand, we use vision (sensors) to locate the object, the information is processed by our brain (controller), which then gives an order to execute some action through our hands (actuators). There are other subsystems that are interacting with each other with additional information to the controller, for example weight, shape, among others. In any event, they will support the most accurate and faster-controlled actions.

			The analysis of unit operations in order to automate

			Consider any system, such as the one in the following figure:

			Figure 1. Identification of a unit operation to automate
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			It is a system whose inputs are solid, liquid and gaseous substances and whose outputs are presented in the same states. This information is important in order to quantify the streams that flow in the system. By creating a simplified system diagram, it helps for a better understanding of the task at hand, enabling a faster more viable solution. Figure 2 represents this task, executed on the previous system.

			Figure 2. Matter flows entering and leaving the system to automate
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			Where,

			Fi = flows of processed raw and secondary material 

			Information that is not important as forms of transport, for example must be omitted from the diagram so that it maintains simplicity and functionality for further analysis and study.

			A system is closed when there is no mass flow through the limits and is open when the mass flows through its own limits. See figure 3. 

			Figure 3. Types of systems formed by unit operations
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			Where

			1= Open system

			2= Close system 

			In each system the unit operations that interact with each other are defined by the condition changes of a determinate amount of raw material in any of the following ways:

			•Modifying its mass or composition. 

			•Modifying the quantity or quality of energy.

			•Modifying its displacement

			Every unit operation needs a driving force or a gradient in its differential properties that characterize the main transfer mechanism. The following tables present a great diversity of unit operations under the different mechanisms for its operation.

			Table 1. The different mechanisms present in unit operations

			
				
					
					
					
				
				
					
							
							Case

						
							
							Mechanism

						
							
							Gradiente

						
					

					
							
							Mass transfer

						
							
							Diffusion

						
							
							Concentration

						
					

					
							
							Heat transfer

						
							
							Conduction, convection, radiation

						
							
							Temperature

						
					

					
							
							Momentum Transfer

						
							
							Friction

						
							
							Velocity

						
					

				
			

			

			Table 2. Unit operations whose study objective is the amount of mass present

			
				
					
					
					
					
					
				
				
					
							
							
							Definition

						
							
							Operation

						
							
							Equipment

						
							
							Examples

						
					

					
							
							Distillation

						
							
							Separate or mix liquid by volatility

						
							
							Simple, sudden, rectification, extractive

						
							
							Packing

						
							
							Petroleum, solvents, liquors

						
					

					
							
							Absorption

						
							
							Purify gas from a composition by contact with liquid

						
							
							
							-Similar to distillation

							-Towers

							-Centrifugal Pumps

						
							
							Removal of acid gases from streams

						
					

					
							
							Extraction (leaching or washing)

						
							
							Mix (liquid - liquid or solid - liquid) in a selective solvent

						
							
							-Contact by phases 

							-Continuous contact

						
							
							-Columns

							-Soxhlet

						
							
							Petroleum, oil extraction, mineral leaching

						
					

					
							
							Adsorption

						
							
							Elimination of fluid phase by solid that retains it

						
							
							-Fixed bed, Alumina, gel, carbon

						
							
							-Fixed-bed parallel flow column

						
							
							Gas drying, odor, solvents

						
					

					
							
							Ion exchange

						
							
							Replacement of dissolution ions with solid ones.

						
							
							-Cationic Resin

							- Anionic resin

						
							
							-Two columns for operation and regeneration

						
							
							Soften water, demineralization

						
					

				
			

			For example, the distillation unit operation in figure 4, It is based on the separation of components of a liquid mixture based on its different volatility (vapor pressures).

			Figure 4. Unit distillation operation
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			Source: Zhengjiu Machinery (2018).

			Table 3. Unit operations whose objective is the amount of heat present in its operation

			
				
					
					
					
					
				
				
					
							
							
							Definition

						
							
							Operation

						
							
							Example

						
					

					
							
							Heat exchange

						
							
							Exchange between fluids

						
							
							concentric tubes housings and tube plates

						
							
							Extended use in the industry

						
					

					
							
							Ovens

						
							
							Solid or fluid

						
							
							Radiation: carbon, fuel, gas

						
							
							Gasoline, Naphtha cracking

						
					

					
							
							Air coolers

						
							
							Ambient air fluid

						
							
							Fans, forced induced draft

						
							
							With corrosion 

						
					

					
							
							Evaporators

						
							
							Concentrate a solution

						
							
							Single and multiple effect

						
							
							Desalinated water

						
					

					
							
							Condensers

						
							
							Condensation of vapor by a cold liquid

						
							
							Single and multiple effect

						
							
							Extended use in the industry

						
					

					
							
							Heat accumulators

						
							
							Recover heat from FAS currents

						
							
							Stacking materials such as bricks, stones

						
							
							Glass manufacturing furnaces

						
					

					
							
							Solar panels

						
							
							Water heated by the sun

						
							
							Radiation goes through glass that affects the coil

						
							
							Photovoltaic energy supply

						
					

				
			

			Among the examples for this type of unit operation are the heat exchangers and furnaces, as can be seen in figure 5 and figure 6.

			Figure 5. Serpentine heat exchanger
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			Figure 6. Industrial type oven
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			Among the advantages of unit operations are:

			•Suppression of loading and unloading times.

			•Easy recovery of heat and cold.

			•Reduction of manual labor caused by automation use.

			•More hygienic working conditions and end-product uniformity.

			Table 4. Unit operations by the amount of mass and heat present

			
				
					
					
					
					
					
				
				
					
							
							
							Definition

						
							
							Operation

						
							
							Equipment

						
							
							Example

						
					

					
							
							Gas conditioning or liquid cooling

						
							
							Modify wet / air or water temperature

						
							
							
							cooling towers

						
							
							Thermal power plant

						
					

					
							
							Crystallization

						
							
							Solid to liquid crystal transformation

						
							
							High temperature heating process

						
							
							Crystallizers:

							-tank

							-evaporators

							-vacuum pump

						
							
							Crystal production

						
					

					
							
							Drying

						
							
							Reduction of liquid content in solid

						
							
							Contact:

							-direct

							-continuous

						
							
							-tray equipment

							-Rotary

							- Sudden evaporation

						
							
							Extended industrial use

						
					

					
							
							Cryo dehydration lyophilization

						
							
							Water removal from a solid, sublimation

						
							
							High vacuum. Less than the water PF

						
							
							-Hot flat plates, trays

						
							
							Soluble Coffee

							Drugs

						
					

				
			

			

			Table 5. Unit operations whose objective is the circulation of fluids

			
				
					
					
					
				
				
					
							
							
							Definition

						
							
							Equipment

						
					

					
							
							Conductions

						
							
							Transportation from and to process operations

						
							
							-Open channels

							-Circular section: pipes

							-Square section

						
					

					
							
							Compressors

						
							
							Increase pressure by supplying mechanical energy

						
							
							-Alternatives

							-Rotatives

							-Axials

						
					

					
							
							Pumps

						
							
							Boost liquids by supplying mechanical energy

						
							
							-Centrifuges

							-Positive displacement:

							* Alternatives or piston

							* Rotary (gears, fins, eccentric)

							* Peristaltic

						
					

					
							
							Valves

						
							
							Regulate the fluid flow through a conduit

						
							
							Parcial o Total closure

						
					

				
			

			The most common unit operation is, for example, hydraulic pumps, as can be seen in figure 7, that drive liquids by supplying mechanical energy.

			Figure 7. Hydraulic centrifugal pumps
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			Table 6. Complementary unit operations

			
				
					
					
					
					
					
				
				
					
							
							
							Definition

						
							
							Operation

						
							
							Equipment

						
							
							Example

						
					

					
							
							Trituration

						
							
							Particle size reduction

						
							
							Large pieces are broken by compression

						
							
							Jaws,

							rotary, roller

						
							
							Extended industrial use

						
					

					
							
							Grinding

						
							
							Particle size reduction

						
							
							Friction and impact by using wheels or pistons

						
							
							Ball, hammer, bar and jet mills

						
							
							Extended industrial use

						
					

					
							
							Material storage

						
							
							For raw materials, intermediate or final

						
							
							Cost of container, material, volatility

						
							
							-Bulk, silos, hoppers

							-Gasometers, liquefied

						
							
							Extended industrial use
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