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CHAPTER I 
 
PROBLEM SITUATION AND DEFINITION OF THE PROBLEM. 

 
I. Problem situation 

 
Wind is one of the most abundant renewable resources throughout the planet, the 

use of this resource in different branches of technology generates great advances in 

different fields of current technology, for example, the use of wind in electric 

generators, the study of aerodynamic profiles, the impact of wind on the construction 

of structures, etc. However, the use of this resource poses many disadvantages, due 

to its characteristics of randomness, variability and seasonality, so it is not a resource 

that can be available without a prior study of the wind conditions of the place where it 

is intended to make use of it. 

Globally, renewable energy resource (RER) projects are increasingly in demand, 

this is because people are increasingly feeling the impacts of global warming, as 

Jauregui, et al, (2017) mentions, in their scientific paper entitled "Strategic Planning of 

the Peruvian Renewable Energy Industry" Renewable energy sources are clean, 

inexhaustible and increasingly competitive energy sources. They differ from fossil fuels 

mainly in their diversity, abundance and harvesting potential anywhere on the planet, 

but especially in that they do not produce greenhouse gases, cause climate change, 

or polluting emissions. 

In the objectives set out by the UN, (2019) by 2030 they refer to renewable energy 

sources, specifically Target 7 "ensuring access to affordable, safe, sustainable and 

modern energy" mentions some problems still maintained by the world, concerning 

renewable energy, which are: 13% of the world's population does not yet have access 

to modern electricity services , 3 billion people depend on wood, coal, charcoal or 
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animal waste to cook and heat food and mainly energy is the main contributing factor 

to climate change and accounts for about 60% of all greenhouse gas emissions. 

In Peru, renewable energy generation, especially wind energy, has been increasing 

over the past few years, however we are still far from a country that takes advantage 

of its renewable energy resources massively, this due to the lack of environmental 

projects and coupled with the lack of technical development for the use of renewable 

energy , as the Ministry of Energy and Mines (MINEM) points out,(2016) in its 

publication "Atlas wind in Peru" Peru's usable wind potential is about 20 thousand 

megawatts and that Peru currently has 4 projects completed as of 2016 (Marcona, 

Cupisnique, Talara and Tres hermanas), and to date 3 more wind projects were 

granted of which only 1 is operational (Wayra in Ica) at the end of 2018 , the figure 

shows the power ratio that exists, until 2018, of wind energy to the total and it can be 

noted that the wind potential described above is not being exploited. 

 
 

Figure 1. Evolution of installed power of RER plants 
 
 
 

II. General problem: 
 

Currently the Wind tunnel has no control system in place, be it a PID control, 

advanced, fuzzy, etc. That is, the wind tunnel is operated manually from software 
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that was provided by the manufacturer of the frequency inverter and also that there is 

no software that monitors the parameters of the electrical energy generated by the 

wind turbine. 

One of the problems is that we do not know air quality, such as its temperature 

and humidity,  in conclusion the air is not monitored. 

 

 
III. Engineering problem: 

 
a) How can we automate the wind tunnel so that we can do better aerodynamic 

tests for wind turbines and for the benefit of people living far from the city? 

b) To what extent does this automated project benefit to perform respective 

aerodynamic tests? 

 
 

 
IV. STATE OF ART 

 
a) Existing products and solutions: 

 
Currently in our country there is no company dedicated to the study of aerodynamic 

profiles or for the development of wind energy, one of the few places where we can 

do a study suitable for the development of wind use is the National University of 

Engineering, which has its wind tunnel in laboratory No. 5 , which can test aerodynamic 

profiles, as well as the energy study of wind turbines. In addition to the above there 

are small wind tunnels on the market for the calibration of anemometers, such as the 

Zamtsu company dedicated to the sale, calibration and installation of anemometers 

and weather stations. 

In addition to the companies seen above there are also projects related to wind 

energy production in Peru, which is the most frequent utility in our country, among 

them we have the projects already completed, shown in table 1 
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Table 1. Firm powers according to resolution No. 144-2019-OS/CD 
 

 

Wind power 
plant 

Installed power 
(MW) 

Pf 
 

 

Mw % 

Three Sisters 97.15 59.42 61.16 

Marcona 32.1 19.22 59.89 

Talara 30.6 13.25 43.31 

Cupisnique 83.15 40.89  49.18 

Wayra I 132.3 92.29 69.76 

Source: Coronado (2019) 
 

 

 
b) Scientific/engineering publications 

 
As the first scientific publication for the development of the project, Azzawi & Hasan 

(2018) is available in its scientific paper entitled Comparison and Optimization Design 

Methodology for Open Loop Subsonic Wind Tunnel which aims to investigate the 

effect of the contraction profile on flow quality, such as turbulent intensity, flow 

uniformity and pressure compared to a (existing) reference case. In short, this article 

will calculate the losses of each part of the wind tunnel, based on mathematical models 

of power calculation which is useful to be able to predict the behavior of the wind tunnel 

and the optimization of it in control system, either in closed or open loop. 

As a second precedent you have the scientific article made by Atieh, Ahmed, & 

Shariff (2017)whichdeals with numerical simulations to calculate wind speed in 

different positions for a new tunnel proposed by the authors with conical shape and 

elevation height change structure, for this they do a numerical simulation study of wind 

speeds and compared them with those of a straight tapered tunnel without change in 

elevation height. 

As a third antecedent you have a very interesting scientific article which deals with 

the implementation of a wind tunnel and its IoT application of it developed by Odema, 
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Adly, Ghali, & El-Baz (2019),entitled: "Remote Access Wind Tunnel Measurement 

Platform for Academic Purposes" which aims to present the design, development and 

implementation of a remote access wind tunnel test platform, for them the authors 

relied on CompactDAQ NI as the primary control unit which is connected to a PC as a 

host with a LabView-based web application as remote access. 

And finally we have the fourth antecedent which is also related to the 

implementation of a wind tunnel, which was developed by Singh & Poddar 

(2015),which entitles: "Data acquisition system developed forthe optimized study of 

the wind tunnel in aerospace vehicles" which deals with the development of a VI in 

LabView for the control of a wind tunnel, as well as its instrumentation. 

 
 

 
V. Justification 

 
The automation of the wind tunnel will be a great contribution to the Faculty of 

Mechanical Engineering, since many companies, universities and people would come 

to UNI to do their aerodynamic tests for their projects or studies and thus also teachers 

will teach in a didactic way their class of the courses of Fluid Mechanics, 

Turbomachines and other courses related to the subject. 

It will also be easy to do the operation of the wind tunnel because there will be a 

SCADA system that will interact with the person for proper operation and in such a 

way that in case of failure an alarm will jump towards the technical operator. 
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VI. Objectives 
 

a) General objectives: 
 

 Perform open-circuit wind tunnel automation for better aerodynamic testing. 
 

 Have a wind flow simulation tool to be able to make better use of this 

resource, and thus be able to promote sustainable sustainable energy 

development. 

b) Specific objectives: 
 

● Design PID control for airflow. 
 

● Design the SCADA system. 
 

● Program on a PLC for manual and automatic control. 
 

● Design the electric board. 
 

● Display the main parameters of the generated energy. 
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VII. DESCRIPTION OF THE PROPOSED SOLUTION 
 

a) Description: 
 
i. Pictorial block diagram 

 
Shown in Figure 1. 

 

 
 

Figure 1: Control architecture 
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We have the block diagram for airflow control in Figure 3. 
 

 
 

Figure 2. Block diagram 
 
 
 

ii. Operation: 
 

The project involves designing a closed loop PID control between a PLC as a 

controller, an anemometer such as the process variable measurement equipment, and 

a frequency inverter such as the actuator. The control system to be designed aims to 

be able to control the airflow that drives the fan through the tunnel with the help of the 

frequency inverter and so that better aerodynamic tests can be done for different wind 

speed points, from SCADA we will introduce the set-point. 

The wind tunnel has a built-in energy meter, which will allow us to visualize how 

much electrical energy the wind turbine is generating, then it is intended to design a 

SCADA system to be able to monitor, monitor and acquire data of the entire process 

of the main parameters that the measurement equipment will provide us. 

The SCADA system to be designed will aim to be able to put the wind tunnel into 

operation such as enabling and disabling the entire process, start and stop the fan 

motor, visualize PLC and frequency inverter failures, set the command frequency and 

set-Point, monitor and acquire data from the entire power generation process from the 

wind turbine Etc. 
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iii. Devices and components to use: 
 

● VFD-B Delta: 
 

The Delta VFD-B series is a general purpose inverter and offers V/F scalar control, 

sensorless vector and closed loop vector. With its constant torque rating, it is designed 

for applications found in the conventional transmission industry. 

Technical specifications: 
 

● Output frequency 0.1 – 400Hz 
 

● 230V Series 
 

● Power of 50 HP or 37 KW 
 

● Adjustable V/F curve and vector control 
 

● Built-in PID feedback control 
 

● Increased automatic torque and slip compensation 
 

● Built-in MODBUS communication, baud rate up to 38400 bps 
 

● Memorizable programming panel 
 

● 4 acceleration ramps + 4 deceleration ramps 
 

● Automatic regulation of output voltage 
 

● Support communication module (DN-02, LN-01, PD-01) 
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Figure 3. VFD-B Frequency Drive 
 
 
 

● YGC-FS Wind Speed Sensor 
 

The wind speed sensor YGC-FS (transducer) adopts the traditional structure of the 

three-wind cup wind speed sensor, the wind cup uses ABS material(acrylonitrile 

butadiene styrene),high strength, the sophisticated signal processing unit can output 

a variety of signals according to the user's needs. This product has a great variety, 

good linearity, easy observation, stable and reliable, and can be widely used for 

meteorology, oceanography, environment, etc. 

 

 
Technical specifications: 

 

● Measuring range: 0-70 m/s 
 

● Accuracy: ± (0.3 + 0.03 V) m/s (V: wind speed) 
 

● Resolution: 0.1 m/s 
 

● Power supply: 24 V DC 
 

● Output signal type: RS485 
 

● Signal cable length: 0.8 meters 
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● Relative humidity: ≤ 100 % 
 

● Protection class: IP45 (protection against penetration of objects less than 1 mm 

and water) 

● Power consumption: 50 mWatts 
 

 
 

Figure 4. YGC-FS anemometer 
 
 
 

● Electric Power Meter PMAC625-Z 
 

The three-phase digital panel meter is used in numerous industries of industrial 

power supply, automatic power source management and intellectualized grid, etc. 

The devices are designed to monitor and display electrical parameters including 

voltage, current, active power, reactive power, power factor, etc. In addition, it provides 

two active switching inputs and two alarm output relays to control the switch action via 

RS485 Modbus. 

 

 
Technical specifications: 

 

● Accuracy Rate: Voltage 0.2 %, Active Power 0.5%, Current 0.2 % Active 

Energy 1 % 
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● Suitable net: 4-wire three-phase 
 

● Rated current: 1 A or 5 A 
 

● Nominal voltage: 220V / 380V 
 

● Operating temperature: 20 – 70oC 
 

● Protection class: IP54 and IP20 
 

● Display type: digital only 
 

● Energy measurement: 0 – 5 A / 0 – 500 V 
 

● Power Supply: 85 – 265 VAC, 80-300 VDC 
 

● Certification: EC (European community) 
 
 
 
 

 
 

Figure 5. Electric Power Meter PMAC625-Z 
 
 
 
 
 

● PLC Allen Bradley - MICROLOGIX 1400. 
 

These controllers offer a higher amount of I/O, faster high-speed counter, pulse 

train output, network capabilities with enhanced features, and backlight on the LCD 
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panel. Controllers without built-in analog I/O points provide 32 digital I/O points, while 

analog versions offer 32 digital I/O points and 6 analog I/O points. You can extend all 

versions with up to 7 I/O expansion modules. 

 
 

Figure 6. Allen Bradley, MicroLogix 1400 
 
 
 

Technical specifications: 
 

● Ethernet port provides web server and email capability, as well as DNP3 

protocol support. 

● The built-in LCD display with backlight allows you to view the status of the 

controller and I/O. 

● The  built-in  LCD  provides  a  simple  interface  for  messages,  bit/integer 

monitoring and handling. 

● Extend application capabilities with support for up to seven Micrologix I/O 

expansion modules with 256 discrete I/O. 

● Up to six built-in 100 kHz high-speed counters (controllers with DC inputs only) 
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● Two serial ports with support for DF1, DH-485, Modbus RTU, DNP3 and 

ASCII protocols 

 

 
iv. Solution Limitations: 

 
The wind tunnel limitation is thatit is only for testing small 100W – 500W wind 

turbines because the airflow is limited to 0 – 15 m/s. 

v. Expected results: 
 

It is hoped that, being automated to supervisory level, the entire process can 

be controlled from a SCADA system and is a contribution to the Faculty of 

Mechanical Engineering of UNI. 

 

 
b) Design and implementation 

methodology. 

Stage 1. 

● Lifting information on the current state of the wind tunnel. 

● Search for electrical and electronic drawings, if you don't have to make 

the drawings using appropriate software. 

● Search for the wind tunnel operating manual. 

● Search for the technical manuals of the equipment (frequency inverter, 

PLC, network cards, etc.), if you are not contacting the manufacturer. 

● Making a final report of the first stage. 

 

Stage 2. 

 

● Electrical designs for wind tunnel improvement. 

● Design of the electrical plans for the wind tunnel, based on the proposed 

improvement. 

● Design of electrical boards, based on the proposed improvement. 

● Design of the proposed control system, based on the plant. 
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Stage 3: 

 
● Software development for the wind tunnel. 

● Development of the control program in RSLogix 500. 

● SCADA system design. 

● Simulation of the mechanical system. 

 

Stage 4. 
 

● Testing stage. 

● Conducting tests of SCADA systems, control and simulation of the mechanical 

system, and comparison with the actual model. 

 

Stage 5: 
 

Final presentation of the results. 
 
 
 
Block diagram: 



22  

 

 
 

Figure 7. Block diagram 
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VIII. APPS AND POTENTIAL USERS 
 

The project will be used for many applications either to perform aerodynamic tests 

for different profiles of blades and wind electric generators to know their efficiency and 

electrical parameters. Potential users will be many companies and rural populations 

that are in the testing or construction phase of their electric wind turbines. 

 
 

 
IX. Feasibility 

 
 

a) Technical Feasibility: 
 

The technical feasibility of the project is feasible, since there is an advisor 

specialized in the fields of instrumentation and process control, in addition you have 

all the knowledge learned throughout the courses carried out in the race. The teams 

are already at our disposal and with all their data sheets for their respective 

implementation. From the above, the project is feasible. 

 

 
b) Economic Feasibility: 

 
The most important equipment is already available to the designer, as they were 

previously acquired by the faculty for the automation of the wind tunnel, and the lower 

cost components can be found in the national market, with the respective management 

of the head of the laboratory. The project is viable in the domestic market because, in 

Peru, the number of wind research sites is low, if not non-existent. 

 

 
c) Social Feasibility: 

 
The project is socially viable, because being an environmental project tries to solve 

a problem that is affecting society, which is the lack of electricity resource in areas 

away from large cities, promoting the use of the wind resource in different regions and 
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reliefs of our country, it also promotes research among companies for 

the use of wind studies , for example, the study of aerodynamic 

profiles subjected to different wind conditions. 

d) Operational Feasability: 
 

The project is operationally feasible as the people who are going 

to operate the entire wind tunnel process, once completed, will be 

trained in such a way that it will properly operate the wind tunnel. 

 

 
X. WEEKLY PROJECT DEVELOPMENT SCHEDULE 

 
In this table 1, you can see the schedule where the highlight is what was 
advanced. 

 

Activity ASPECTS TO CONSIDER Week 

Determination of the topic to be 

developed. 

Search for the project topic. 
2 

Proposals for a solution. Meeting with the advisor to generate 

solution ideas. 
3 

Study topics related to industrial 

instrumentation. 

Study  the  technical  specifications  of  the 

anemometer and energy meter. 
4 

Study topics on electrical controls. Study topics related to frequency drives and 

three-phase electric motor starter types. 
5, 6 

Study topics related to industrial 

networks. 

Find information about the Modbus RTU 

protocol and how to communicate the PLC 

with smart field equipment. 

 
7 

Electric board design Design the electrical dashboard in the Eplan 

software to be clearer about the position of 

the equipment. 

 
8, 9, 10 

Programming in the PLC. Schedule a flow control in the PLC and 

acquire the main parameters of the power 

meter by protocol. 

11, 12 

Design the SCADA system. Design the SCADA system in Intouch 

software to monitor, monitor and acquire 

data. 

 
13, 14 

Do simulation tests. Test in simulation to correct possible errors. 15 

Final presentation of the 

Mechatronic Project. 

Presentation in class of the project. 
16 
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Table 1. Timeline for project execution 
 
 

XI. PROJECT 

PROGRESS Advance 1: 

Industrial 

instrumentation. 

a) Objective: 
 

- Perform the appropriate study of the equipment to be used. 
 

- Perform the wind tunnel P&ID 
 

- Read each computer's data sheet. 
 

 

b) Theoretical sustenment: 

Diagram P&ID 

P&IDs are diagrams that basically contain process equipment, pipes, instruments, 

and process control strategies. A DTI is the most important unique element in the 

drawing for: 

● define and organize a project. 
 

● Maintain control over a contractor during construction 
 

● Understand how the plant is controlled after the project is completed 
 

● Keep track of what was formally agreed and approved for construction. 
 

● Record what was built in the way it was designed with P&IDs. 
 

P&IDs are known by various names, but around the world regardless of how they 

are named they know their value. Here are some of the names by which they are 

known: 

● Dti 
 

● P&ID 
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● Pipe and instrumentation diagrams 
 

● Process diagrams and instrumentation 
 

ISA standards applied to P&ID. 
 
We have the following rules: 

 
● ANSI/ISA-S5.1-1984 (R1992), Instrumentation identification and symbology. 

 

● ANSI/ISA-S5.2-1976 (R1992), Binary logical diagrams for process operations. 
 

● ISA-S5.3-1983, Graphical symbols for distributed control, shared deployment 

instrumentation, logical and computerized systems. 

● ANSI/ISA-S5.4-1991, Instrumentation Loop Diagrams. 
 

● ANSI/ISA S5.5-1985, Graphical symbols for process deployments. 
 

Other rules for instrumentation: 

 
● ASA Y32.11-1961 – Graphical symbols for process flowcharts in the oil and 

chemical (ASME) industries. 

● ASA Z32.2.3-1949 – Graphic symbols for pipe, valve and pipe fittings (ASME) 
 

● ANSI Y14.15.a-1971 Section 15-11 Diagram Interconnection (ASME) 
 

● IEEE Std 315-1975 (ANSI Y32.2 1975) (CSA Z99 1975) Graphic symbols for 

electrical and electronic diagrams (IEEE) 

● ANSI/IEEE Std 315A-1986 (IEEE) 
 
 

 
P&ID SYMBOLOGIES: 

 
 

● All process control diagrams are composed of symbols, identifications and 

lines, for the graphical representation of ideas, concepts and devices involved 

in the process; in turn, they describe the roles to be performed and the 

interconnections between them. 

● Pipes are represented with lines. 
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● The outgoing characteristics of the devices or functions are represented 

simply by geometric figures such as circles, diamonds, triangles and others to 

write characters such as letters and numbers identifying the location and type 

of instrument to be used. 

● Among the symbols of an instrumentation diagram and pipes (P&ID) we have: 
 
 

1. Geometric figures 
 

2. Symbolism of Signals 
 

3. Symbolism of Functions 
 

4. Symbolism of Instruments 
 
 

 
Instrument symbols: 
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Table 2. Instrument symbols 
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Instrument identification 

 

 
 

Figure 8. Instrument identification. 
 
 
 
 

Instrument nomenclature 
 
 
 
 

 
 

Figure 9. Instrument nomenclature 
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Inter-instrument connection lines: 
 

 
 

Figure 10. Instrument connection 
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c) Progress Analysis: 
 
YGC Anemometer Data Sheet – FS Wind Speed Sensor. 

 
YGC-FS wind sensor transmitter cups standard anemometer 5 V power supply 

pulse signal output. 

YCG-FS wind speed sensor structure using three conventional wind cups, 

selection of ABS wind cups Materials, high strength, good start, sophisticated signal 

processing unit can output a variety of signals according to user needs. This product 

has a wide variety, good linearity, easy observation, stable and reliable, and can be 

widely used for meteorology, oceanography, environment, airports, ports, 

laboratories, industry and agriculture, and transportation and other fields. 

 

 

 
 

Figure 11. YGC Anemometer - FS 
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Table 3. Parameters of the anemometer. 
 

 

Name Value Unit Observation 

Measuring range 0 - 70 M/s  

Accuracy ± (0.3 + 
0.03V) 

M/s V - wind speed 

Resolution 0.1 M/s  

Initial wind speed ≤ 0.5 M/s  

Power supply DC-24 Ⅴ  

Output signal RS-485  Modbus Protocol 

Load capacity ≤ 600 Ω(ohms)  

Voltage-based output 
impedance 

≥ 1000 Ω(ohms)  

Working environment 
(Temperature) 

-40 to 80 
℃ 

 

Moisture ≤ 100%   

Certificate of protection IP45   

Nominal cable voltage 300 Ⅴ at 80oC 

Product weight 130 Grams  

Power consumption 50 Mw  

Operating time 10 Ms  

Reset time 5 Ms  

Insulation resistance 1000 Mω  

Mechanical lifetime 2.00E+07  Uses 

Electric lifespan 70000 Times System uses 

Note. Source datasheet manufacturer CALT-electronics 

 
 
 
 

 

Energy Meter Data Sheet 
 

The energy meter used in the project is the Chinese-made PMAC625-Z meter by 

Pilot Technology is shown in Figure 3 of the equipment to be used: 
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Figure 11. Energy meter 
 

 
The power meter has the measurement data in Table 2. 

 

Table 4. PMAC625 Power Meter Parameters 
 

 

 

 
accuracy rate 

Voltage: 0.2% 

Amperage: 0.2% 

Active power: 0.5% 

Active power: 1.0% 

 

Work network 
PMAC625: 3-phase 4-wire 

PMAC625H: 3-phase 4-wire or 3-phase 3-wire 

 
 
 
 

Tickets 

Nominal 
current 

1A or 5A (Secondary CT) 

rated voltage High voltage: 220/ 380V, 

Low voltage: 57.7/ 100V 

Overload Continuous: 120% of the nominal 

Frequency 35Hz to 65Hz 

Entry status 220Vac±25%, 220Vdc±25% 

Output relay 250VAC/5A, 30VDC/5A 

 

Power supply 
Voltage width AC: 85-265V or DC: 80-300V 

loss of power < 2VA 

 

Communication 
Baudrate Supports 4800bps and 9600bps 

Protocol Standard Modbus-RTU 

Force isolation 2000V tested in AC 

Insulation resistance ≥ 50M 

Mtbf ≥ 50000h 

 Temperature: -10 to 55oC 
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Operating environment 
Storage temperature: -30 to 70oC 

Humidity: 5% to 95% 

Dimensions 89.5mm x 89.5mm (+0.5mm) 

 
 
 

 

Delta VFD Speed Drive Data Sheet - B 
 

Drive and turn inverter actively used in three-phase electric motor control, 

Figure 12 shows  an image of the instrument. 

 

 
 

Figure 12. Delta VFD-B frequency drive 
 
 
 

The main parameters of Modbus RTU protocol communication are shown below in 

Table 04: 
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Table 4. Read-only parameters 
 

Content Address Functions 

 
 
 
 
 
 
 

Monitor Status (Read 
Only) 

 
 
 

2100H 

 
 
 

Error code 

0: No errors. 

1: Current (oc) 

2: Overvoltage (ov) 

3: Overheating (oH) 

4: Overload (oL) 

5: Overload 1 (oL1) 

... 

 
 
 

2101H 

State of the drive 

 
 

 
Bit 0-4 

LED: 0: LED on; 1: LED off 

00: Running led 

01: Stop Led 

02: JOG LED (pulse march) 

03: LED FWD (forward gear) 

04: LED REV (reverse) 

 
 
 

Table 5. Write-only parameters 
 

Content Address Functions 

 
Drive 
parameters 

 
 

GGnnH 

GG stands for parameter group, nn means number of parameters. For 
example, the address of Pr 4-01 is 0401H. When the parameter is read by 

the 03H command, only one parameter can be read at a time. 

Writing 
commands 

2000H Bit 0-1 
00: No function 

01: Stoppage 
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   10: March 

11: March to impulses 

Bit 2-3 Reserved 

 
 

bit 4-5 

00: No function 

01: March forward 

10: Reverse 

11: change of direction 

 
 

Bit 6-7 

00B: 1st acceleration/deceleration 

01B: 2nd acceleration/deceleration 

10B: 3rd acceleration/deceleration 

11B: 4th acceleration/deceleration 

Bit 8-11 represents the 16 scheduled speeds 

 

Bit 12 

0: Do not command scheduled 
acceleration/deceleration time 

speeds or 

1: Do not command 
acceleration/deceleration time 

scheduled speeds or 

2001H Frequency  

2002H 
Bit 0 1: EF (External Alarm) 

Bit 1 1: Reset 
 
 
 
 
 

 

Process block diagram 
 

The block diagram provides us with a broad sketch of the process, as well as the 

stages represented by blocks. 
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Figure 13 System block diagram 
 
 
 
 

P&ID diagram of the process 
 
Then, according to the theory studied, the P&ID was made for the wind tunnel process 

where ISA S5.1 standards were applied for its elaboration: 
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Figure 14. P&ID diagram for fim wind tunnel 
 
 
 

d) Problems faced in progress: 
 
- Due to the situation currently being lived, no physical contact could be had with 

the equipment, for their respective calibration and configuration. 

- The preparation of the P&ID was done with the Lucirchard because I had 

problems with the AutoCAD P&ID software libraries. 

 
 
 

 
e) Conclusions: 

 
- Instrumentation is important for this project because it will work with sensors 

and actuators. 

- It was necessary to develop the P&ID in order to understand the wind tunnel 

process. 
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Advance 2: Electrical controls 
 

a) Objections: 
 

- Perform an appropriate study for the realization of the electrical plane of force 

connection and control. 

- Make a design for the electric board with the right standards. 
 

- Verify that the installed drive is correct. 
 
 
 

b) Theoretical sustenment: 

ASINCHRONOS ENGINES 

It is a rotary electric induction machine with short-circuit motor and 3 phases 

housed in the displaced rotor 120o, giving it a rotating magnetic field. 

They are the most used in the industry. These motors have the peculiarity that 

they do not require a magnetic field in the rotor powered by DC current. An AC 

source (three-phase or single-phase) feeds the stator. 

 

 

 
 

Figure 15. Bornes of a three-phase motor 
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Principle of operation 
 

In the three-phase motor (3o) we have a stator with a rotating magnetic field 

(according to Tesla), which cuts some conductors or plates of the rotor through which 

an induced voltage called FEM (Faraday) is generated and that being these 

conductors or short-circuited plates produces by them the circulation of an induced 

current and creates around it an induced magnetic field and these fields create pairs 

of force in the rotor (Lorenz). 

 
 

Figure 16. The 3 phases of the three-phase motor 
 
 
 

The magnetic field created in the rotor will follow that of the stator, but it will never 

achieve it, since if it is reached the lines of the magnetic field of the stator would not 

cut the rotor plates and no induced current would occur and therefore no rotational 

motion force would occur. 
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Figure 17. Phases of the three-phase engine 
 
 
 
 

That's why they're called "asynchronous motors," the speed of the screed field is 

higher than the rotor speed (they are not synchronized). In addition, it is called an 

induction motor because the stator induces a current in the rotor to make it work. 

"Three-Phase Induction Asynchronous Motor". 

��  = �𝑚𝑎𝑥��� (��) 

�� = �𝑚𝑎𝑥��� (�� − 120) 

�� = �𝑚𝑎𝑥��� (�� + 120) 
 

Synceronism speed 
 

The synchronous speed of asynchronous three-phase motors is proportional to 

the feed frequency and inversely proportional to the number of pole pairs in the 

stator. 
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� 

� � 

�� = 60 
� 

= 120 
��

 

�� = �����𝑖�𝑎� �� �𝑖�����𝑖�𝑎 � �� �𝑎��� 

� = ��������𝑖𝑎 

� = ������ �� �𝑎��� �� ����� 

�� = ������ �� ����� 
 

NUMBER OF 

POLES 

 
ROTATION SPEED 

 

 50 Hz 60 Hz 100 Hz 

2 3000 3600 6000 

4 1500 1800 3000 

6 1000 1200 2000 

8 750 900 1500 

10 600 720 1200 

12 500 600 1000 

16 375 540 750 
 

Table 4. Speed ratio based on number of poles 
 
 

 
Number of engine poles 

 
It is directly proportional to the current frequency of the power supply and inversely 

proportional to the synchronization speed. 

�� > �𝑁   (Asynchronous motor) 
� � 

�� = 120 
�� 

→ �� = 120 
�
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��  ≈ �𝑁 

 

nN: Rotor or rated speed (RPM) 

 
Sliding: 

� 

�𝑁 = 120 
��

 
 

It is the rotor delay against the magnetic field expressed in % 

�� − �𝑁 
� = 

�� 

d: slippage. 

 
Efficiency 

It is the ability to convert the absorbed power into useful power, it is also interpreted 

as the amount of power lost in the engine by phenomena such as hysteresis, 

Foucault, friction, ventilation, etc. mechanical. 
 
 
 

 

Nominal torque 

 

  𝑃�� 𝐼𝐿   

𝑃�𝑂�𝐴𝐿 

�� 746 
� =    

√3�����(𝜑) 

 

It is the force for every meter of rotor rotation, expressed inN. m. 
 

𝑀𝑁  = 

���𝐼  60 
2𝜋�𝑁 

MN s rated  torque. 

� 
= 
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Direct start curve of a three-phase engine 
 

 
 

Figure 18. Direct start curve of a three-phase engine 
 
 
 

AI: Starting intensity 
 

IN: Nominal intensity at the work point 

MA:Starter torque 

MB : ACCELERATIONtorque MM>ML 
 

MK:Maximum torque value 

ML: Load torque 

MM: Engine torque (working point) 
 

MN: Nominal load torque 
 

nN: Nominal speed at the work point 

nS: Sync speed 

Active and reactive power of an engine 
 

An electrical device consumes an amount of power equivalent to that delivered by 

the mains to which it is connected. This power is called "active power (P)" recorded by 

the meters and is billed. Watts or watts (W) are measured. In the case of the mill, when 

we work with an electrical device of inductive type, it needs an initial peak of current. 
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That extra energy is not recorded on the meter, but is an energy that the device needs 

to start working. This energy is called "reactive power (Q)" and is measured in VAR. 

 

 

 
 

Figure 19. Graphical representation of the power of an engine 

� = √3�� ��� (𝜑) 

� = √3�� �𝑖� (𝜑) 

� = √3�� 

 
Power Factor (FP) 

This is the relationship between active (P) and Apparent (S) Powers. If the AC wave 

is perfectly sine FP and Cos φ match. If the wave were not perfect S would not only 

be composed of P and Q (Reactive Power), but a third component would appear sum 

of all the distorting powers (D). Suppose there is a high Harmonic Distortion Rate 

(THD) in the installation, because there are harmonic currents. Graphically it would 

look like this: 
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Figure 20. Vector representation of the power factor 
 
 
 
 

𝐹 = 

� � 
=    

� √�2  + �2 + �2 
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Cos φ 
 

It is the cosine of the φ angle that form the active power (P) and the apparent (S) 

in the traditional power triangle, in an electric alternating current system with perfect 

sine waves the decomposition of the apparent power in the sum of two vectors 

results in a right triangle, in which the components are on the axes of the actual and 

imaginary numbers : 

 

 
 

 

Figure 21. Graphical representation of the cos (φ) 

 

𝐹 = 

� � 
=    

� √�2 + �2 

 

Estimate of cos φ: 
 

0 — Pesimo  — 0. 8 —  Regular  —  0. 9 —  Well  — 0. 95 -  Ideal  —1 
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FP correction 

 
It is the compensation of inductive reactive energy by capacitive reactive energy, 

aims to reduce the apparent power and with absorbed current. 
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Figure 22. Power triangle 
 

Qc'  P so φ' − 
 

Capacitor Bank Capacity:  

�(�𝐹) 

= 

�𝐶 106
 

�22𝜋 

Individual  ? C (u) / 3 
 
 
 
 
 
 
 
 
 
 
 
 
 

THERMAL RELAY 
 

They are the ones that identify a failure, and then initiate or access an interrupt 

command from multiple or one computer. The disconnection command is given to the 

pushbuttons of the protected equipment. Protection relays include: 

- Those of over currents: electronic and thermal. 
 

- The differential relay. 
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- Distance relay. 

 

- The surge relay. 
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Figure 23. Differential relay Figure 24. Distance relay 
 
 
 
Definition 

 
It is an electromechanical protection device in cases of overload or blocked rotor, 

which is especially used in electric motors. It acts delayed between 7-12 seconds, 

depending on the current intensity. 

The thermal relay is one of the components that are installed upstream of any 

engine of a certain power and therefore of a certain cost in case of breakdown, 

because as we will see it is a mechanism that serves as an element of protection of 

the engine. But not all thermal relays work for all motors, which is why you have to 

take into account certain basic parameters for your choice and regulation. 

It consists of disconnecting the circuit when the intensity consumed by the motor 

exceeds for a short time, to that allowed by the motor, preventing the winding of the 

motor from burning. This protects engines from overloads, some phase failure, and 

excessive load differences between phases. 
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Parts  
 
 

 
 

Figure 25. Parts of a thermal relay 
 
 

 

Symbology and Terminal Identification 
 

The terminals are named by figures or codes of figures and letters that allow them 

to be identified, facilitating the realization of schematics and wiring work. 

- Main Contacts (Power): 
 

1-2 (L1-T1), 3-4 (L2-T2), 5-6 (L3-T3) 
 

- Auxiliary Contacts (Control): 

95-96 (NC), 97-98 (NO) 

 

 
Figure 26. Identification of thermal relay terminals 
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Principle of operation 
 

The functionality is to disconnect the circuit when the intensity consumed by the 

motor exceeds for a time the intensity allowed by the motor, preventing the winding 

from "burning". 

This occurs thanks to the consisting of three bimetallic sheets with their 

corresponding heating coils that, when traveled by a certain intensity, cause the 

bimetal to warm up and the relay to open. The cutting speed is not as fast as on the 

thermal magnet switch. 

 

 
Figure 27. Thermal relay operation 

 
 
 
 
 
Rating by stress level 

 
Thermal relays can handle voltages within the low and high voltage range. 

 
Low voltage thermal relay: The voltage level is less than 1000 V. 
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Figure 28. Low voltage relay 

 
High voltage thermal relay: The voltage level is above 1000 V. 

 
 

 

Figure 29. High voltage relay 
 
 
 
 
 
 
 

 
Classification by characteristic 

 

- Tripoter Relay: Used for any of the three phases (single phase, two-phase 

and three-phase). 

- Compensated relay: These devices are not affected by changes in ambient 

temperature. (Between -40oC and +60oC). There is a compensation sheet 
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mounted in opposition to the main biláminas that corrects the curvature 

produced by the external temperature, when there is no current. 

- Differential Relay: Detect variations in one of the phases, both cuts and 

imbalances. This type of relay, next to the biláminas, has two strips that 

move in conjunction with them. When there is no current in a phase, that 

bilamine does not deform and the movement of one of the strips is blocked, 

causing the relay to fire. 

 

 
Features 

- Thermal relays can be used in alternating current or continuous. ⎫   After the 
relay is fired, it allows the machine to restart quickly and with less risk. 

 
- They have stop and test function. 

 
- Avoid and reduce production downtime. 

 
- Protects motors by preventing these functions from being weak and prolongedly 

overloaded or overheated. 

- They allow manual re-start, on machines that, for safety or technical reasons, 

require the presence of a qualified operator, or are difficult to access. 

- They allow automatic start-up, when it comes to simple machines. This occurs 

when the bilidamines are cooled, at a certain time. 

 

 
FREQUENCY VARIATORS 

 
Uncontrolled AC motors 

 
The speed of an engine is affected by the load 
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Figure 30. AC engine curve 
 

IA: Starting intensity 

IN: Nominal intensity at the work point 

MA: Starting torque 

MB: ACCELERATIONtorque MM>ML 

MK: Maximum torque value 

ML: Load torque 

MM: Engine torque (working point) 

MN: Nominal load torque 

nN: Nominal speed at the working point 

nS: Sync speed 

 
AC Controlled Engine 

 
- They are motors that have a VDF for operation. 

 
- The term "controlled" means that the inverter can change the voltage and 

frequency as needed. 

- Changing the frequency changes the speed of the engine. 
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Figure 30. Voltage and frequency variation 
 
 

 

VDF block diagram  
 
 
 
 
 
 
 
 
 
 
 

 
Figure 31. Stages of a VDF 

 

VDF Block Diagram: Rectifier 

- Transforms the alternate signal into only positive. 

- The rectified signal contains laughs. 
 

 

 

Figure 32. Full wave grinding 
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VDF Block Diagram: DC Bus 

- Capacitors store voltage from the grinding stage. 

- The delivered voltage is a filtered voltage that eliminates the laughs 
 

 

 

Figure 33. Dc Bus Stage 
 
 

VDF Block Diagram: Inverter 

- The generated signal is pulses via IGBTs transistors in ON/OFF. 

- By modifying the pulse width we can generate an approximate sine 

signal (PWM). 

 
 

 

Figure 34. Investor Stage 
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Pair D.P. V/Hz 
 

- The frequency is increased above the base speed (60 Hz) but the voltage 

and power levels are constant. 

- Above 120 Hz, the torque drops sharply and operation is not recommended. 
 

-  

Figure 35. V vs Hz curve 
 
 
 
Pair D.P. Flow (φ) and Current (I) 

 

 
 

Figure 36. T vs Hz curve 
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Modes of Operation: Scalar and Vector Control 
 

Scalar Control: Does not control torque producing current 
 

 
 

Figure 37. Vector resulting from total current in scalar control 
 
 
 

Vector Control: Controls the torque producing current depending on the load. 
 
The flow-producing current is constant. 

 

 
 

Figure 38. Vector resulting from total current in vector control 
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Application: Types of loads 
 

Vector Control 
 

- Lifting machines 
 

- Conveyor belts 
 

- Crushers and crushers 
 

- Compressors and piston pumps 
 

 
 

Figure 39. Torque equation 
 
 
 

- Winders 
 

- Sheet metal manufacturing machines 
 

 
 

Figure 40. Torque equation 
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Scalar Control 
 

- Centrifugal pumps 
 

- Centrifugal compressors 
 

- Fans and blowers 
 

- Centrifuges 
 

 
 

Figure 41. Torque equation 
 
 
 

- Presses 
 

- Machine tools 
 

 
 

Figure 42. Torque equation 
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Parallel Engine Association 
 

A drive can control the speed of multiple connected motors in parallel. The condition 

is that no connections/disconnections are made while the drive is running. All motors 

will work at the same frequency and it is necessary to incorporate an additional thermal 

relay for the protection of each motor. 

In(Drive )? In(Motor1)  + In(Motor2)  + ⋯  + In(Motorx) 

In: Nominal motor current 
 

 
 

Figure 43. Connecting engines in parallel 
 
 
 
Selecting a VFD 

 
The following aspects need to be considered. 

 
- Type of load 

 
- Type of engine 

 
- Control loop 

 
- Place of installation 

 
- Phenomena to be installed in the installation 

 
- Control interface 

 

- Process safety regulations 
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c) Progress Analysis: 
 
Dimensioning and selecting the frequency inverter 

 
- Flow rate: The flow rate developed by the air fan is calculatedwith the 

speed and output area of the air(acol ector x 1.4 m) 

� = 𝐴�� 

� = 12�/� � 1.54�2   =   18.48 �3/� 
- Static Pressure (Pest): is a manufacturing parameter that in this case 

is 500 Pa. 

�𝑒�� = 500 �𝑎 

- Fan Motor Power (Peje): 

Considering fan efficiency of 60% 

�𝑒𝑗  = 

�𝑒�� � � 
= 

1000 � ɳ 

500 � 18.48 
= 15.5 �� = 21�� 

1000 � 0.6 

According to manufacturer catalogs and assigning a safety factor of 1.2, an 

axial fan with electric power motor is selected on its 25 HP or 30 HP 

shaft. 

 

Then the motor-fan that will have the wind tunnel has the following nominal 

specification: 

- Flow rate: 40,000 CFM (cubic feet per minute). 
 

- Static pressure: 2 in H2O. 
 

- Power to electric motor shaft: 25 HP. 
 

If a 30 HP electric motor is selected, the rated flow rate will be 49,000 CFM, thus 

ensuring a flow rate in the test chamber in the order of 15 m/s. 
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d) Problems faced in progress: 
 

- The proper thermal relé could not be determined because we do not have 

access to the equipment. 

- There is no simulator for the drive being used. 
 

e) Conclusions: 
 

- The electric motor will be long working life because it does not work with high 

loads. 

 

 
Advance 3: industrial networks. 

 
a) Objectives: 

 
- Know Modbus RTU logs to do reading and writing. 

 
- Make a log table for each computer. 

 
b) Theoretical sustaining 

 
COMMUNICATION PROTOCOL. 

 
Being at level 0 of the automation pyramid will require communication between 

devices such as: PLCs, sensors, actuators, and other instruments, so communication 

protocols will be an important part of this project. 

One of the most widely used communication protocols today, but the most widely 

used, is the MODBUS protocol which due to its open protocol nature is ideal for the 

realization of this project, according to ISA CENTRAL SECTION MEXICO, (2019) the 

advantages of the MODBUS protocol are: it is simple, not expensive, it is universal 

and easy to access, it also mentions that this protocol has the advantage that can work 

over any existing means of communication , whether twisted pair cable, wireless, fiber 

optic, Ethernet, telephone modems, phones, cell phones and microwave. 
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MODBUS RTU: 
 
MODBUS is a "slave-master" protocol in which the master communicates with one or 

more slaves, in the case of MODBUS RTU the master is a remote terminal unit, 

MODBUS RTU slaves are often in the field and connect to the master via a multi- 

descent configuration Figure 36, which consists of when a master needs information 

sends a message with the address , the request for the data and a checksum to detect 

errors, the other devices on the network receive the message but only the device with 

the assigned address number answers the message. 

 

 

 
 

Figure 44. Multi-descent configuration 
 
 
 
 
 
 

One of the main features of MODBUS RTU is that the data is binary encoded and one 

byte of communication per byte of data is required, for this reason the networks of type 

RS485 and RS232 are highly compatible with this communication protocol, in addition 

the range of transfer rates or Baudrate is between 1200 and 115000 (ISA CENTRAL 

SECTION MEXICO , 2019). 
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Data frame 
 

A master's communication with a slave in MODBUS RTU consists of messages 

(frames) that have the following format: device address, function code, data, and error 

check, Figure 37, and a description in Table 6 shows the data frame for both the 

master and slave. 

 
 

Figure 45. Data frames for MODBUS-RTU 
 
 
 
 
 
 
 
 

Table 5. Bits per data frame. 
 

Name Length (Bits) Function 

Start 28 Blank boot bits. 

Address 8 Device address. 

Function 8 Indicates the function of the code. 

Data n x 8 Data to be filled in depending on the type of 
data. 

Crc 16 Error check. 

End 28 Blank end bits. 
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The ID is the address of the slave with which the master makes the request, these 

can be from 0 – 247, with 0 being a read address for all slaves and those of 1-247 

slave-specific addresses. 

The function command is the data type of the request and according to Table 7 it can 

be: 

 
 
 
 
 
 
 
 
 

 
Table 6. Function codes. 

 

Comman 
d 

function code 

01 Read coil 

02 Read discrete input 

03 read Modbus internal value loggers 

04 read input recorders 

05 write coil 

06 write recorder 

07 write exception status 

08 Diagnosis 

20th up to 255 functions 
 

 

Modbus function codes 
 
According to the following table obtained modbus.org the main function codes are: 
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Figure 46. Main source function codes: www.modbus.org 
 
 

MODBUS RTU and Micrologix 1400 
 

The project will use a Rockwell-branded Micrologix 1400 PLC which will be 

responsible for controlling all wind tunnel instruments, so it will be important to know 

how the PLC is configured in master mode using the MODBUS RTU protocol, in this 

section you will see the configuration mode based on the Rockwell Automation user 

manual , (2019) for the Micrologix 1400. 

As a first step, the RSLogix program will be used in which the hardware choice 

option will be chosen and channel 0 is configured for this type of communication as 

shown in Figure 39. 

http://www.modbus.org/
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Then as step two you configure the data files to be used. 
 
For the verification of the operation of this protocol we can use different protocol 

simulation software such as Modbus Poll or ModScan 32 which can be used by 

simulating virtual ports connected to each RSLogix as master and the other to the 

simulation program as a slave as shown in Figure 40. 

 
 

Figure 48. Testing the protocol with ModScan 32 

Figure 47. Configuring the protocol in Micrologix 1400 
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c) Progress analysis 
 

Modbus RTU registration table of equipment 
 
 
 

Modbus RTU register for the anemometer: 
 
 

 

Team Wind Speed Se nsor ADDRESS ID  1  

MARK / MODEL YGC-FS-24V-W2 Configuration  9600, 8, N, 1 
 

ITEM 
DESCRIPTION 
OF THE SIGNAL 

MODBUS 
RECORD 

DESC 
TEAM 

PLC 
ADDRESS 

 

Units 
PLC MEMORY 
ADDRESS 

 

Access 

 
 

1 

  

WIND 
SPEED 

 
40001 

Supply: 
24v, 
Output: 
RS485 

 
N40:0 

   

x0.1 
m/s 

 
N7:40 

  
Read 
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Modbus RTU register for The Speed Drive: 
 
 

 

Team Drive ADDRESS ID 2 
MARK /MODEL VFD220B23A Configuration 9600, 8, N, 1 

 
ITEM 

DESCRIPTION 
OF THE 
SIGNAL 

MODBUS 
RECORD 

 
TEAM DESC 

PLC 
ADDRESS 

PLC MEMORY 
ADDRESS 

 
Access 

 
 
 
 
 

1 

  
 
 
 

 
48192 

 
 
 

Bit 0-1 

00B: No function  
 
 
 

 
N40:40 

 
 
 
 

 
N7:57 

 
 
 
 

 
Write 

01B: Stop 

10B: Run 

11B: Jog + Run 

 

Bit 4-5 

01B: FWD 

10B: REV 

 

2 
Frequency 
command 

48193 
  

N40:41 N7:58 Write 

 
 
 
 

3 

  
 
 

 
48449 

 
 
 
 

Bit 0-4 

00: RUN LED  
 
 
 

N40:44 

 
 
 
 

N7:61 

 
 
 
 

Read 

01: STOP LED 

02: JOG LED 

03: FWD LED 

04: REV LED 

4 
Frequency 
command (F) 

48450 
  

N40:45 N7:62 Read 
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Modbus RTU register for power meter: 
 
 

 

TEAM:  Energy meter ADDRESS ID    3  

MARK: Pilot Configuration    9600, 8, N, 1  

 

ITEM 
DESCRIPTIO 
N OF THE 
SIGNAL 

MODBUS 
RECORD 

PLC 
ADDRESS 

  

Units 
PLC 
MEMORY 
ADDRESS 

 

Access 

1 
Line AB 
voltage 

40004 
 

N40:4 
 

x0.01V N7:41 Read 

2 
Line BC 
voltage 

40005 
 

N40:5 
 

x0.01V N7:42 Read 

3 
Line AC 
voltage 

40006 
 

N40:6 
 

x0.01V N7:43 Read 

4 
Phase A 
current 

40007 
 

N40:7 
 

x0.001A N7:44 Read 

5 
Phase B 
current 

40008 
 

N40:8 
 

x0.001A N7:45 Read 

6 
Phase C 
current 

40009 
 

N40:9 
 

x0.001A N7:46 Read 

7 
Total active 
power 

40011- 
40012 

N40:11 - 
N40:12 

  

x0.1Watt 
N7:47 -N7:48 Read 

8 
Total reactive 
power 

40013- 
40014 

N40:13 - 
N40:14 

 x0.1VA 
R 

N7:49 -N7:50 Read 

9 
Total power 
factor 

40015 
 

N40:15 
 

x0.001 N7:51 Read 

10 Frequency 40025  N40:25  x0.01Hz N7:52 Read 

11 
Total active 
energy 

40026- 
40027 

N40:26 - 
N40:27 

 x0.1kW 
h 

N7:53 -N7:54 Read 

12 
Total reactive 
energy 

40028- 
40029 

N40:28 - 
N40:29 

  

x0.1kvarh 
N7:55 -N7:56 Read 
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d) Problems faced in progress: 
 

- There is no software to be able to simulate industrial networks. 
 

- Failed  to  have  direct  contact  with  the  computer  to  be  able  to  configure 

communication parameters. 

 

 
e) Conclusions: 

 
- The Modbus RTU is suitable because it works with the RS485 because it is 

immune to noise. 

- The bus-like topology is best suited for connection between computers. 
 
 
 
Advance 4: Electric board design 

 
a) Objectives: 

 
- Design the board to accommodate the equipment. 

 
- Use the standards for the respective design 

 
 
 

b) Theoretical sustaining 
 

ELECTRIC BOARD 
 

An electrical dashboard is a set of several electrical devices, whether control, 

power, or more, grouped into one or more enclosures that support and mechanically 

protect those devices. 

A board must be mounted in such a way that it meets the requirements specified 

by the different regulations, thus ensuring its good performance and safety, in addition 

it must optimally perform the functions for which it has been designed. As a system it 
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should be considered as a standard component of the installation as well as a 

luminaire, motors, thermo magnetic wrenches, and other electrical components. 

It is worth noting the difference between board which is the set of all components 

mounted in field and cabinet or also called cabinet is only the envelope, figure 41 

shows the distribution of components in a cabinet forming as a whole a control board. 

 

 

 

 
Figure 49. Electric board 

 
 

Rules governing the design of board manufacturing and assembly 
 

A standard is a set of documents approved by agencies specialized in the 

standardization of different topics of technical interest for the improvement of 

processes or services. 

In the case of the design and implementation of boards there are different standards 

which were obtained from Legrand-Peru (2020), and Eissa- Peru (2020), and are 

mentioned below: 
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 IEC 60529 standard related to IP (International Protection) protection 

grades and deals with the protection of instruments against external 

conditions, such as water, dust, shocks, etc. 

 IEC 60695-2-11 related to low voltages. 
 

 IEC Standard 61439-1 
 

 IEC 62208 
 

 IEC 62262 
 

 UL 50 standard related to the manufacture of enclosures, this standard of 

American origin marks the importance of the construction of dust and 

waterproof enclosures. 

 NEMA-250 standard in addition to having dust and water protection also 

include explosion protection, corrosion (NEMA44X stainless steel) 

 Standard IEC 81346-1 This standard was published jointly by IEC and ISO 

and establishes the general principles for the design of a board, this 

standard gives rules and guides for the designation of objects of any board, 

this standard comes and replaces iec 61346 by age and obsolescence. 

 UNE-EN 60439-1: Low voltage device assemblies. 
 

 UNE-EN 60073: Basic and safety principles for human-machine interfaces, 

marking and identification. 

 UNE-EN 60204-1: Machine safety. Electrical equipment in the machines. 
 

 NEMA AB3: Molded box circuit breakers and their application. 
 

 NEMA PB1.1: General instructions for the proper installation, operation and 

maintenance of distribution boards of 600 volts or less 
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Applied standards 

Standards for cables in general 

The following specifications based on the above standards shall be taken into 

account for wiring. 

1. All connections must be guaranteed against accidental loosening. 
 

2. The connection of 2 or more cables in the same terminal is prohibited 

unless the terminal is designed for such connection. 

3. All cables must be properly identified by indelible and unmissable markings 

suitable for the medium in which they are located. Such marks must exactly 

match their corresponding markings in the technical schemes of the 

circuits. 

4. For wiring of external control to the inside of the enclosure must be 

usedterminalconnection or suitable base-pin combinations. 

5. To signal the different circuits, the colour code referred to in Table 8 must 

be used for single-line conductors: 

 
 
 
 
 
 

Table 7. Colors of cables to use 
 

Color Type of circuit 

Light blue Power circuit neutrals 

Black Active conductors of power circuits in C.A. and C.C. 

Red AC control circuits 

Blue DC control circuits 

Orange Control interlocking circuits powered from an external power 

source 

Yellow/green Protective conductors (ground) 
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6. Maximum permissible driver temperatures under normal and short-circuit 

conditions, as shown in Table 9. 

 

 
Table 8. Maximum cable temperature. 

 

Types of insulation Maximum driver 

temperature under 

normal oC conditions 

Maximum driver 

temperature under oC 

short-circuit 

conditions 

Polyvinyl Chloride (PVC) 70 160 

Rubber 60 200 

Crosslinked Polyethylene 

(PR) 

90 250 

Ethylene propylene 

compound (EPR) 

90 250 

Silicone Rubber (SIR) 180 350 

 

 

7. Table 10 of minimum sections to be used in wiring of control and power 

circuits in electrical assemblies within the enclosures (expressed in mm2, 

first the minimum section according to EN 60204-1 and second, in RED 

color, the minimum standardized section among electric frame builders) 

 
 

Table 9. Minimum sections to use per cable type. 
 

 

Application Unipolar Cables Hoses 
 

 Standard Standard Standard Standard 

Power circuit 0.75 1.5 0.75 1.5 

Command circuit 0.2 0.75 0.2 1 

Control circuit 0.2 0.35 0.2 0.35 

Data cables -- -- 0.08 0.2 
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Standards for analog signals 
 

1. All analog signals will always be wired with screened hoses, with the 

corresponding number of wires according to the signal type, putting the 

protective mesh on grounding at only one end 

2. The number of minimum recommended wires and sections to use for 

connecting analog signals is detailed in Table 11: 

 

 
Table 10. Number of wires per hose. 

 

Signal type No 

threads 

Secc.  Min 

L<10m 

Secc. Min. 

10m<L<20m 

Secc. Min. 

20m<L<50m 

4-20 mA / 0-20 mA 2 0.35 0.5 0.5 0.5 

x/1 A (intensity traphos) 2 1.5 2.5 2.5 4 

x/5 A (intensity traphos) 2 2.5 4 4 6 

0-10 V / ±10 V 3 1 1.5 1.5 1.5 

0-5 V / ±5 V / 1-5 V 2 1 1.5 1.5 1.5 

Thermocouple 2 0.5 1 1 1.5 

Thermo probe Pt100, 

Pt1000, Ni 1000 

3 0.5 1.5 1.5 1.5 

Pulses (up to 40 kHz) 2 0.5 1 1 1.5 

 
 
 

 

c) Progress Analysis: 
 

The electrical dashboard was designed in the Eplan Electric P8 software with THE 

IEC standard for the location of the control and force equipment. 

The following image shows the working environment of the Eplan software. 



80  

 

 
 

Figure 50, Eplan working environment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

It can be seen in Figure 51, macros created by the manufacturers of the 

computers used in this project were imported. 
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Figure 51.Execution of the board design 
 
 
 
The board was also sized for future assembly. 

 

 
 

Figure 52. 2D dimensions of the board 
 
The connection plane of the equipment was also developed using IEC standards. 
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Figure 53. Index of the connecting electric stick 
 
 
 
 

 

 
Figure 54. Distribution of 220 VAC ofthe connectionor electrical 
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Figure 55. 24 VDC distribution of the electrical connection plane 
 
 
 
 

 

 
Figure 56. Connecting integrated digital inputs 
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Figure 57. Connecting power elements 
 
 
 
 

 
 

Figure 58. AC-TAB load connection and control 
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Figure 59. Ground terminal connection 
 
 
 
 
 

d) Problems faced in progress 
 

- At the time of installation of Eplan software, there were operating system 

failures due to other design programs and it was sent to the technician. 

e) Conclusions: 
 

- The Eplan software is ideal for electric board design because it has libraries 

provided by manufacturers and works with IEC standards templates among 

others. 
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Advance 5: Programmable Logic Controller 
 

a) Objectives: 
 

- Perform speed control for airflow. 
 

- Make the grafcet diagram for the wind tunnel 
 

b) Theoretical sustaining: 
 

PROGRAMMABLE LOGIC CONTROLLER 
 
Automation: 

 
It is the application of automatic systems in the realization of a process to make the 

system work autonomously without human intervention except in the indication of 

objectives to be achieved. 

 
 

Figure 60. Difference in manual and automatic control 
 
 
 
PLC manufacturers 

 
Behind the growth of today's global industry are PLCs. With tools such as 

increasingly accessible programming languages, machine maneuvers are easier, with 

precise training from operators. Maintenance to machinery is also becoming less and 

less frequently, thus collaborating with efficiency, at the time of the life of the 

machinery. PLCs are the support for a large number of applications in industries of 

very diverse twists. 
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Figure 61. PLCs manufacturers 
 

Definition: 
 

A programmable logic controller (PLC) also known as programmable automaton is 

basically an industrial computer that processes all the data in a machine such as 

sensors, buttons, timers and any input signal. To subsequently control actuators such 

as pistons, motors, valves, etc.... so that you can control any industrial process 

automatically 

 

 
Figure 62. PLCs Siemens 

 
PLC presentations 

Compact: 

They contemplate in a single unit the parts of a PLC: 
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 Power Supply 
 

 Cpu 
 

 I/O modules 
 

 Communication module 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 63. Compact PLCs 

 
 

 

Modular :It is assembled and installed on a rack, contemplating in separate 

modules the parts of the PLC such as: 

 Power Supply 
 

 Cpu 
 

 I/O modules 
 

 Communication module 
 

 
 

Figure 64. Modular PLCs 
 
 
 
 
 
Features 

 
A PLC uses programmable memory to store instructions and implement functions 

such as logic, sequencing, timing, counting, and arithmetic to control processes. 
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 You can implement software changes instead of hardware (relay systems). 
 

 It can be easily expanded by adding new modules to the PLC. 
 

 They are more robust, compact and reliable than relay systems with their 

large number of mechanical components. 

 Requires less maintenance than relay systems. 
 

 It can operate faster than relay systems. 
 
 
 
 

 

 
Figure 65. Feature of a PLC 

 
 
 
 
 
 
 
 
 
 
 
 
 
Difference between PLC Vs. PC 

 
In the table below you can see the main differences between a PLC and a PC 

 

Plc Pc 

Designed for extreme industrial 

environments 

Cannot work in extreme 

environments. 
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It can operate in high temperature, 

humidity, noise, vibrations etc. 

Designed to process and calculate 

data and optimize for speed. 

Optimized for a single task. Multitasking capability. 

Run a simple program in milliseconds Possibly complicated program, often 

time is not critical. 

The goal is to make 0/1 decisions. It can include floating point, 

arithmetic, data manipulation. 

Special  purpose  device,  the  same 

program is repeated continuously. 

General purpose,  possibly  different 

programs. 

No peripherals He needs peripherals. 

Programmed using ladder logic. Programmed using high-level 

language. 

It has greater RELIABILITY. Prone to fail. 
 

Table 11. Difference between PLC and PC 
 
 
PLC Input and Output Unit (IOs) 

 
The IOs on a PLC provides the circuits for the interface between the system and 

the outside world, allowing connections to be made through input channels such as 

sensors and output devices such as valves and motors. Each input/output point has a 

unique address that can be used by the CPU. Input/output channels provide isolation 

(opto-isolator) and signal buffering functions so sensors and actuators can often 

connect directly to them without the need for other circuits. 
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Figure 66. Input and outputs of a PLC 
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PLC outputs 
 

 Relay Type: The output signal uses a relay and can change currents in the 

order of 100 mA in an external circuit. It also isolates the PLC from the 

external circuit. However, relays are relatively slow to operate. Relay outputs 

are suitable for AC and DC switching. They can withstand high overvoltage 

and transient voltage currents. 

 
 

Figure 67. Relay output 
 
 
 

 Transistor Type: Use a transistor to change the current through the external 

circuit. This provides faster change action. However, it is strictly for DC 

switching and is destroyed over current and reverse high voltage. For 

protection, a fuse or built-in electronic protection is used. Opto-insulators are 

used to provide insulation. 

 

 
Figure 68. Transistor-type output 



93  

 Triac Type: With insulation opto-insulators, they can be used to control 

external loads that are connected to the AC power supply and destroyed very 

easily over current. Fuses are almost always included to protect such outlets. 

 

 
Figure 69. Triac output 

 
 
 
 
 
PLC programming languages 

 
4 Programming Languages + Grafcet (SFC) 

 
Graphic Languages: 

 

 Ladder Diagram (LD) 
 

 Functional Block Diagram (FBD) 
 

Literal Languages: 

 

 Instruction List (IL) 
 

 Structured Text (ST) 
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Figure 70. Programming languages 
 
 
 
Types of Signals in PLCs 

Digital Signal: 

It takes discrete values over time. On controllers (PLC, VDF, Soft starter, etc.) these 

signals only take one of the possible values. 

Example: 
 

 

 
Figure 71. Digital signal 

 
Bit: Binary digit φ or 1 Fundamental unit of computing. 

Byte: 8-bit grouping 
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Standard Standard IEC 61131: 
 
This  standard  refers  to  programmable  automatons  such  as  PLCs  and  their 

corresponding peripherals, such as: 

 Programming and debugging equipment. 
 

 The rehearsal teams. 
 

 The human-machine interfaces. 
 

The purpose of this Standard IEC-61131 is to: 
 

 Define and identify the main characteristics that relate to the selection and 

application of PLCs and their peripherals. 

 Specify minimum requirements for functional characteristics, operating 

conditions, construction aspects, general safety and testing applicable to 

PLCs and their peripherals. 

 Define the most commonly used programming languages, syntactic and 

semantic rules, fundamental instruction set, testing, and equipment expansion 

and adaptation media. 

 Give users general information and implementation guidelines. 
 

 Define communications between PLCs and other systems 
 
 
 

The parts of this standard are as follows: 
 

 61131-1: General definition of terminology and basic concepts. 
 

 61131-2: Requirements for electronic equipment, mechanics and verification 

tests for PLCs and associated equipment. 
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 61131-3: Programming languages. Five languages are defined: Stair Diagrams 

(LAD), Sequential Function Diagrams (SFCs), Function Block Diagrams 

(FBDs), Structured Text (ST), and Instruction List (IL). 

 61131-4: Guidance on PLC selection, installation and maintenance. 
 

 61131-5: Software installations required for communication with other devices 

according to the Manufacturing Messaging Specification (MMS). 

 61131-6: Communications through fieldbus software installations. 
 

 61131-7: Diffuse control programming. 
 

 61131-8: Guidelines for the implementation of PLC programming languages 

defined in Part 3. 

RSLogix 500 software 
 

It is a Ladder-like logic programming package created by Rockwell Software 

Automation, compatible with Microsoft Windows environment for PLC 5, SLC 500 and 

microLogix processors. The RSLogix 500 software includes several functions detailed 

below: 

 Project tree where are all the tools for the development of the entire program. 

 Project compiler for error detection and correction. 

 Ladder editor for program development. 

 Tools to backup and edit Ladder program lines, as well as having the possibility 

to perform online editing. 

 Possibility to force I/O of Ladder programs. 

 Communicate  with  any  computer  or  processor  on  the  available  network 

depending on the conditions. 

 Performing the loading and downloading of programs to and from a processor 

and computer. 
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Figure72. RSLogix 500 
 
 
 
 
 
 

SOFTWARE RSLinx 
 
RSLinx is an essential communication tool when we want to communicate with Allen- 

Bradley equipment or networks. When we acquire a computer, a Micrologix 1400 CPU, 

for example, the first question we ask ourselves is how we will program it. We have 

the communication cable and RSLogix 500 programming software. But to link to the 

CPU with our computer, we need an additional tool. This tool is RSLinx. 

Without RSLinx, we won't be able to connect to our computer. 
 

 
Figure 73. RSLinx icon 
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The communication network of our devices must first be configured. To do this you 

must configure the optimal driver that in this case is a network with devices connected 

to Ethernet (Ethernet IP driver) 

 

 

 
 

Figure 74. Software RSLinx 
 
RSLogix Emúlate 

 
It is a software that serves us to check the correct functioning of our programs of 

the SLC 5/xx and Mircologix family of automatons, without connecting to a physical 

PLC, is ideal to get acquainted with plc's programming, ladder language, instruction 

language. 
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Figure 75. RSLogix Software Get In 
 
Plc-computer  connection scheme 

 
As already mentioned it will make use of these two softwares to do programming 

on the PLC,both softwares can be installed on any computer with Windows 7 operating 

system. 

 

 
Figure 76. RSLinx 500 and RSLinx software 

 
 
 

The connection between the PLC and the PC 
 

 

Figure 77.Physical connection between computer and Allen Bradley PLC 
 
 
 
GRAFCET diagram: 

 
GRAFCET consists of several elements in a logical workflow. These elements are 

distributed in stages, associated actions, and transitions, all through sequential 

processes. 
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In a system using GRAFCET, it should always be booted with an initial stage. 

Normal stages or stabilized states can be added immediately. These stage calls refer 

to the state of the automata process, whether it is on or off, as well as appended 

actions. This stage should then have a manager, and that's where the associated 

actions come in. 

The associated actions are what the assigned pre-stage should perform. That is, it 

is the action to be executed. In automata processes this can range from starting a coil 

to connecting or disconnecting an engine. At the same time, there are also actions 

associated with conditionals. Conditionals are equally marked in stages. Actions like 

this can be delayed in execution, paused by conditions or even limited. 

 
Finally, transitions are the evolutionary step from one stage prior to the next. 

Transitions are segments of conditions that the system must overcome to reach the 

next stage. Also called receptivities, these conditions range from simple actions to 

Boolean functions. 

 
To finally establish the entire flow or diagram, the binding lines are used. These can 

be vertical or horizontal and will depend directly on the above elements. 

 
This programming method opens up the ability to work sequential, parallel and with 

many other features. 

 
 
 
 
 
 

 
Advantages: 

 

 

 Ease of programming through a simple and visual system 
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 A language alternative for operators and technicians of various level 

 A method of flows where it is possible to detect faults simply 
 
 
 
 
 

c) Progress Analysis: 
 
GRAFCET  diagram for airflow speed control 

 

 
 
 

Figure 78. GRAFCET diagram for programming 
 
 
 
 
 
 
 
 
 
 

 

Explanation: 
 

This graph diagram consists of 9 states: 
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 State 0 is the start of the process and to move to state 1 you have to press 

the power button. 

 In state 1 we do the action of indicating that we are in operation and then 

there is a transition from an OR that we will be able to choose between 

manual and automatic mode. 

 In state 2 we do the action of indicating that we are in manual mode and then 

there is a transition from an ON VARIADOR. 

 In state 3 we do the action put the drive into operation and then there is a 

transition to set the frequency of the network to be able to operate the fan. 

 In state 4 we put the fan into operation after set the frequency and then there 

is a transition to stop the fan. 

 In state 5 we do the action of stopping the fan after having set the OFF 

VARIADOR and then there is a transition to stop the process with the STOP 

button. 

 In state 6 it does the action of indicating that we are in automatic mode if we 

choose AUTO MODE and then there is a transition from an ON VARIADOR. 

 In state 7 we put the drive into operation and then from SCADA  we check the 

set point or the speed of the airflow. 

 In state 8 once set the set point the PLC does the control action after having 

done the calculation to obtain the PID constants and then there is a transition 

to stop the fan. 

 State 9 we do the action of stopping the drive after we have set the OFF 

VARIADOR button. 

 Then if we want to stop the whole process we press the STOP button and it 

will direct us to state 0 so that we can start the process again. 
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Rs485 communication network wiring: 
 
The following image of the RS485 communication network allows us to get a clearer 

idea of the communication that will take take take part between the teams. 

 
 

Figure 79. Modbus RTU communication network topology 
 
 
 
 
 
 
 
 
 

Programming on the RSLogix 500 
 

In the following image you can see four subroutines for a better understanding of 

the whole process. 
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Figure 80. RSLogix 500 main routine 
 
 
 

In the following subroutine is for the thermal relay. 
 

 
 

Figure 81. RSLogix 500 subroutine 1 
 
 
 

In the following subroutine is for reading and writing to computers by Modbus 

RTU protocol. 
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Figure 82. RSLogix 500 subroutine 2 
 
 
 

In the following subroutine is to do the conversion to the physical drives to get the 

actual value. 

 
 

Figure 83. RSLogix 500 subroutine 3 
 
 
 

In the following subroutine is for air speed control as well as putting the drive into 

operation. 
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Figure 84. RSLogix 500 subroutine 4 
 
 
 
 
 

d) Problems faced in progress: 
 

- You didn't have the PLC in physical, because you had to use a simulator from 

the manufacturer Allen Bradley. 

- The plant model is not known to be able to do PID control tuning, it is expected 

to do so in the future. 

 
 
 

 
e) Conclusions: 

 
- Grafcet is the best programming method for industrial process programming. 

 
Advance 6: SCADA System Design 

 
a) Objectives: 

 

 Monitor and acquire data from the energy generated by the wind turbine. 
 

 Put the wind tunnel into operation. 
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 To be able to make the selection between manual and automatic mode. 
 

 To be able to enter the pid control constants. 
 

b) Theoretical sustaining 
 

SCADA SYSTEMS 
 

Definition 
 

SCADA (Supervisor and Control Data Acquisition) systems are software systems, 

designed with the aim of monitoring-monitoring, as well as controlling processes 

remotely. They are based on reading data from different processes that are in the field, 

and making decisions according to those readings. 

These applications are software specially designed to work on computers in the 

operation control of a plant, providing communication with field devices (autonomous 

controllers, sensors, transmitters, etc.) and controlling the process automatically from 

a Remote Terminal Mejia & Altamirano, (2011). 

Main objectives of an SCADA system 
 

Among the main objectives of an SCADA system are: 
 

 Monitor, save and indicate real-time and reliable information, related to 

field control variables, e.g. sensor reading take control actions, etc. 

 Execute control actions indicated by the operator, i.e. take action on 

different actuators in the field such as valves, motors, gates, etc. 

 Clearly alert the operator to changes in plant variables, as well as keep 

informed of any possible problems that may occur in the field. 
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Figure 85. Basic scheme of a monitoring and control system 
 
 

Signal processing by SCADA system: 
 

The processing of information in a SCADA system is shown below: 
 

A conversion of the variable to be measured, be it pressure, temperature, etc. by 

means of a sensor and or a transducer, is made for the reading of the system. 

Sensors and/or transducers perform an adequate escalation of the variable to be 

measured according to the specific communication protocol, they can be 4-20ma, 0- 

10v, 0-15PSI, whatever the signal must be standard so that it can be understood by 

the computer that performed the monitoring and control action. 

Once the reading variable has been obtained in the SCADA system, the operator 

can take the action to be performed according to the actions required by the operator.  

Dynamic Data Exchange (DDE) Protocol 

Dynamic Data Exchange is a Windows-implemented protocol for communication 

between programs that share information within the operating system in real time. 

This communication protocol can be used in a large number of applications in real 

time, for example, the exchange of data for constant updating of communication 
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modes between applications, however, one of the applications that interests us most 

in this project is that given to scientific instruments or process control. 

The DDE protocol is based on the client-server architecture, so when talking about 

a data exchange through DDE it is said that two applications are in a DDE 

conversation, in which the client makes a request to the server. Windows has built-in 

Dynamic Data Exchange and Management Library (DDEML), which includes a 

number of functions, for its best implementation Zhu, et al, (2011). 

A typical DDE communication consists of the following steps: 
 

 First, the client application starts the conversation and the server 

application responds. 

 Applications then exchange data using one or all of the following. 
 

Methods: 
 

1. The server application sends data to the client at the request of the 

client. (cold data link) 

2. The client application prompts the server application to notify the client 

each time a data item (hot data binding) changes. 

3. The client application prompts the server application to send data 

whenever the data changes (active data binding). 

Finally, the client or server application ends the conversation. 
 

The following image graphically shows the communication modes in the DDE 

protocol: 
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Figure 86. DDE Protocol Operation Scheme. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Intouch 
 

For the development of this stage was available the tutorials of the Intouch 2010 

R2 software used in this project. It was possible to learn how to manage the resources 

that the software provides us such as, the visualization of information, graphical tools 

and databases. This activity is of great importance for the development of the project, 

with the knowledge that was acquired the SCADA system could be developed using 

the Intouch software. 



111  

 

 
 

Figure 87. Logo del software Intouch 
 
 
 
Implementation of monitoring screens: 

 
This chapter details the design of the screens, as well as the communication 

between the lacquer and the automation. 

 

 
Description of the development platform: 

 
As the operators are responsible for monitoring and taking action in any 

circumstance, a design of screens is established that allow the monitoring of the 

records of the variables of the whole system related to the acquisition of data of the 

main parameters of the energy generated and the control of the speed of the airflow. 

To design the SCADA Intouch 2010 R2, mainly because it is from the Wonderware 

family. 

 

 
Intouch 2010 R2: 

 
The intouch 2010 R2 software version for industrial process monitoring and control 

offers outstanding ease of use, creation and configuration of graphs. But let users 

create and launch applications for real-time information capture. The package 

basically consists of two elements: Windowmaker and Windowviewer. 

 Windowmaker: It is the development system, it allows all the functions 

necessary to create animated process windows, input of the process variables 
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to be controlled connected to the external I/O system or other Windows 

applications. 

 Windowviewer: This is the runtime system, the real-time variables used in 

the application created with windowmaker are displayed. 

For the design of animated windows and the display of variables in real time, the 

Run Time license (installed directly on the CPU) will be used. 

 

 
Connectivity: 

 
Intouch 2010 R2 can be connected to almost any control device due to hundreds 

of existing I/O controllers and OPC servers designed for connection to Wonderware 

products. Its list of controllers is the largest on the market. 

Wonderware servers deliver data to Intouch applications through Microsoft DDE 

(Dynamic Data Exchange) communication, Wonderware Suitelink protocol, or OPC 

technology. Other manufacturers use the Archestra DAS (Data Access Server) Toolkit 

for creating servers that incorporate one or more of the above methods. 

c) Progress analysis 
 

Program design at Intouch 2010 R2 
 

After analyzing each of the processes, it was decided that the Each one to be 

developed would allow the following functions to be performed: 

 Monitor the proper functioning of all main equipment and elements involved 

in the process of controlling and acquiring data such as the energy meter, 

speed inverter, anemometer, PLC, etc. 

 Being able to make the selection between manual and automatic control 
 

 Monitor the air speed measured by the anemometer. 
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 To be able to put the wind tunnel into operation with the start and stop 

buttons. 

 On a screen you can set the PID constants to be able to do the tuning. 
 

 Display the graphs of the main parameters of the energy generated such as 

voltage, current, power, energy, etc. 

 

 
Screen processing sequence in Intouch 2010 R2 

 

 Home screen: it will be a splash screen to the scada where there will be 

buttons to go to other windows. 

 Fan operation display: On this screen you can start the fan such as stop 

buttons, gear, turn selection, manual and automatic mode selection, etc. 

 Power meter operation display: This display will display graphs of 

electrical power parameters generated such as voltage, current, active and 

reactive power, active and reactive energy, power factor, etc. 

 Screen for PID control tuning: Pid constants will be entered on this screen 

if we are in automatic mode or if we want to change the plant response. 
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Screen flowchart in Intouch: 
 

 
 

Figure 88. Screen flowchart 
 
 
 
 
 
 
 
 
 
 
 
Intouch Item Settings: 

 
In order to read data in the PLC from Intouch, it is necessary that the data be 

defined as a TagName type I/O (discrete, integer, real, string, etc.). 

In addition, an Access Name must be created which is associated with each of the 

Intouch I/O TagName which in this case is "TUNEL". Access Name is the one that 

contains the application name information, and the topic name. The Name Application 
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corresponds  to  the  name  of  the  application  with  which  the  Intouch  is  to  be 

communicated, in this case the name is "rslinx". 

 
 

Figure 89. Configuring the Access Name 
 
 
 
 
 

The Topic Name is the generic name of the application, for this case 

"TUNEL_VIENTO". As figure x shows, it is equal to the Access Name of the dialog 

box and must also be equal to that defined in the configuration topic Definition on the 

I/O server. 

Then the protocol to be used in this case "DDE" is selected and accepted as shown 

in the following figure 
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Figure 90. Protocol configuration 
 
 
 

. To indicate the memory address of the data to be read in the PLC is placed in the 

Item box of the next window shown in Figure 91. 

The TagName in this example is "INDICADOR_GIRO", the data type is "I/O 

Discrete" and the Access Name is "TUNEL" as mentioned above and the Item is 

"N7:57/4" which is the memory address of the variable in the PLC. 
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Figure 91. Setting up the TagName and the Item 
 
 

 

Use of Intouch 
 
To start the software proceed as follows. First it is necessary to open the RSLinx 

program that allows you to communicate the PLC and Intouch as shown in Figure 92. 

 
 

Figure 92. RSLinx program home screen 
 
 
 
Then we go to the DDE/OPC tab 

 

 



118  

Figure 93. DDE/OPC tab on RSLinx 
 
 
 
And we set up a topic "DDE/OPC Topic Settings" and give it a name 

"TUNEL_VIENTO" as shown in Figure 94. 

 
 

Figure 94. Setting up the topic 
 
 
 
And once the program is opened, we proceed to open the Intouch software as 

shown in Figure 95. 
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Figure95. Ingreso to Intouch 
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Figure 96. File selection window in the Intouch 
 
 

 

Screen design 
 
In the home window you will have a presentation screen of the Wind Tunnel, and 

also some buttons that will direct us to other windows to be able to operate the 

process in an orderly manner. 

 

 

 

 
Figure 97. Home screen 
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In Figure 98 which is the fan window you will have the pushbuttons that will put the 

wind tunnel into operation as well as make the selection between manual or 

automatic operation and also be able to clean the existing faults in Speed Drive. 

 

 

 

 
Figure 98. Fan display in manual mode 

 
 
 
Figure 99  is available for automatic mode and  with the FWD turn selector 
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Figure 99. Fan display in automatic and FWD mode 
 
 
 
A window was also designed to be able to enter the PID constants, this is not to 

modify the code that is in the PLC. 

 

 
Figure 99. PID control display 

 
 
 
Figure 100 created another window so that you could view in real time the graphs 

and values of the energy generated by the wind turbine and also be able to store 

those values in an Excel file. 
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Figure 100. Energy meter display 
 
 
 
To be able to store in excel  will show us a  dialog tab that will allow us to open the 

Excel application 

 

 
Figure 101. Open Excel 
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d) Problems faced 
 

 You couldnot verify the operation of theCADA S designed in a real process 

because you did not have a PLC in physical, it only appears with a virtual 

PLC. 

 There were problems with installing the Intouch software because you did not 

have the necessary files for installation. 

 A license could not be obtained for Intouch so the amount of Tag is very 

limited. 

 There were problems with script programming because the language is low- 

level. 

 

 
e) Conclusions 

 

 Intouch software runs very well on Windows operating systems. 
 

 Scripting makes program operation much more efficient. 
 
 
 

XII. FINANCIAL AND ECONOMIC REPORT 
 
 
 
Financial report. 

 
Different components were used in the project, between equipment and work 

materials, which is why a project cost report is required in order to budget for the 

realization of this project, then a table with the materials used and their cost is shown. 

 

 
Table 2. Table of materials and costs. 

 

Item Description Cost 

Anemometer YGC-FS wind speed sensor S/59.66 

VFD-B 220V 23A Frequency drive S/1,249.00 
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PMAC-625 Energy meter S/80.00 

MicroLogix 1400 Allen Bradbrand PLClaw S/1,439.00 

1783 -hms4C4CGN Switch for Allen Brad brand networklaw  

S/70.00 

1606 XLS24Vdc Source of 24Vdc Allen BradLaw S/651.00 

3RV2021 Motor guard S/159.00 

Pc compatible Computer equipment S/700.00 

Other Different lower-cost materials S/500.00 

  
total cost 

 
S/4,807.66 

 

 

In addition, a study of the work is also carried out by dividing it into stages for its 

greater 

Stage 1: Information lifting. 
 

The first stage consists of the information survey, this stage will be carried out in 3 

weeks in which the work will be divided into functions such as: 

 

 
Table 3. Calculation of estimated hours in stage 1 

 
 

Function Description Time in hours 

Search and study team manuals 25 

Study of the conditions of the place 30 

I am a 

student. 

Study of electrical, mechanical, 25 

instrumentalist, etc. 

Total hours stage 1 80 

Stage 2: Mounting the instrumentation. 

This stage is the most extensive and most complex, and is divided as shown in 

the table: 
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Table 4 Calculation of estimated hours in stage 2 
 
 
 
 
 
 
 
 
 
 

30 
 
 
 
 

 

Stage 3: Development of the SCADA system and testing. 
 

Stage 3 consists of the development of the SCADA system and the final tests on 

the fan and is divided according to the table 

 

 
Table 5. Calculation of estimated hours in stage 3. 

 
 
 
 
 
 
 
 
 
 

5 
 
 

 

Finally, according to the study carried out the total cost of the project would be: 
 

 
S/4,807.66 + 265 hours man 

Function Description Ti me in hours 

Equipment Installation and assembly of equipment. 80 

Board Mounting the electric board. 30 

Control 

room 

Assembly  of  the  equipment  in  the 20 

control room. 

Total hours stage 2 1  

 

Function Description T ime in hours 

Scada Design and implementation of the 40 

SCADA system 

Tests Conducting the final tests 15 

Total hours stage 3 5 
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APPENDIX A 

 
 

ENGINEERING STANDARDS APPLIED IN THE PROJECT  

 

The following engineering standards have been applied in the project: 

 

 

Standards on Instrumentation 

 

 ANSI/ISA-S5.1-1984 (R1992) 

Instrumentation identification and symbology. 

 ANSI/ISA-S5.2-1976 (R1992) 

Binary logical diagrams for process operations 

 ISA-S5.3-1983 

Graphical symbols for distributed control, shared deployment instrumentation, 

logical and computerized systems. 

 ANSI/ISA-S5.4-1991 

Instrumentation Loop Diagrams. 

 ANSI/ISA S5.5-1985 

Graphical symbols for process deployments. 

 IEC 61131 

Standard used for the use of programming in Ladder language. 

 IEC1131 

Standard related to programming languages and GRAFCET diagrams of the 

process. 

 

 

Standards on Electronic Board Design and Assembly 

 

 IEC 60529 

Standard related to IP (International Protection) grades. It deals with the 

protection of instruments against external conditions and agents, such as water, 

dust, shocks, etc. 

 IEC 62208 

This standard specifies general definitions, classifications, characteristics and test 

requirements of enclosures to be used as part of switchgear and control gear 
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assemblies the rated voltage of which does not exceed 1000 V.a.c. or 1500 V.d.c., 

and suitable for general use for either indoor or outdoor applications. 

 IEC Standard 62262 

International numeric classification for protection level provided by enclosures of 

electrical equipment against external mechanical impacts. It provides a means of 

specifying the capacity of an enclosure to protect its contents from external 

impacts. 

 UL 50 

Standard related to the manufacture of enclosures, this standard of American 

origin marks the importance of the construction of dust and waterproof 

enclosures. 

 NEMA-250 

Standard in addition to having dust and water protection also include explosion 

protection, corrosion (NEMA44X stainless steel) 

 IEC 81346-1 

This standard establishes the general principles for the design of electronic 

boards, it provides rules and guides for the designation of general-purpose 

board. 

 UNE-EN 60439-1 

Electromagnetic compatibility for low voltage device assemblies. 

 UNE-EN 60073 

Basic and safety principles for human-machine interfaces, marking and 

identification. 

 NEMA AB3 

Molded box circuit breakers and their application. 

NEMA PB1.1: General instructions for the proper installation, operation and 

maintenance of distribution boards of 600 volts or less. 
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APPENDIX B 
 
 

PROJECT CONSTRAINTS AND RESTRICTIONS 
 

For the development of the project, the following constraints and restrictions were 

considered: 

 

Geometric and Weight Restrictions 

Given that the wind tunnel has a fixed geometry and mechanical structure, the 

automation system has been designed so that all their components fit inside the wind 

tunnel and does not interfere with the experimentation process. Also, the weight of all 

components of the automation system has been determined so that they do not affect 

the mechanical structure of the wind tunnel, and they do not add vibration to the tunnel. 

  

Availability of devices and components   

Some devices and components are not easy to find in the market so that equivalent 

devices and components have had to be used. They were tested to verify their 

applicability, and range of operation. The devices settings were modified to adjust them 

to the actual operating conditions of the wind tunnel. 

 

Schedule 

The project must be completed in one academic semester. It is estimated the project 

requires an average of 150 hours of teamwork with 4-5 students per team. Considering 

that, besides the senior design project course, students are enrolled in 3-4 additional 

courses in the academic semester, students have to plan ahead in order for identify all 

required activities, distribute the tasks among all team members and, finally, integrate 

all partial tasks to configure the final system for testing it in real working conditions. 

 

Environment and Safety 

Selection of mechanical and electronic components, as well as electronic board 

construction are carried out using environment-friendly materials and processes. The 

project was developed based on R-R-R principle: Recycle, Reuse, Reduce for 

promoting environment sustainability.  

 


