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1. Introduction

Generating electricity from wind power is one of the fastest growing methods in the world.
The kinetic energy of the moving air is converted into electricity by wind turbines that are
installed in places where the weather conditions are most favorable.

Wind turbines can be used individually, but are often grouped together to form wind parks
also called wind farm. Electricity generated from wind parks can be used to meet local needs
or to supply an electricity distribution network for homes and businesses further away.

Energy obtained from the wind can also be converted into hydrogen and used as transport
fuel or stored for subsequent electricity generation. The use of this form of energy, reduces
the impact of electricity generation on the environment as it does not require fuel and does
not produce any pollutants or greenhouse gases.

Wind energy is growing significantly and since 1994 the world market has grown by around
30% per year. The installed capacity worldwide rose from 17,400 up to 650,560 MW
between 2000 and the end of 2019. In the European market, which concentrates most of the
world's wind farm, Germany remains the leader with almost half of the total capacity. Spain
recorded the strongest growth in the last three years with an annual growth rate of 28%.
Europe also concentrates industrial and technological activities: Eight European
manufacturers are among the top ten in the world, with 70% of devices sold in 2018.

Windenergie International - Zahlen und Fakten

Welt: Entwicklung der installierten Leistung bis 2019

Stand: 31.12.2019

Megawatt

2002 2004 2006 2008 2010 2012 2014
Jahr

Figure (1.1): Development of power through wind energy; Source: www.wind-energie.de
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2. Wind turbine

2.1. The most important components of a wind turbine
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Figure (2.1): Scheme of a wind turbine; Source: https://de.wikipedia.org/wiki/Windkraftanlage

Generate electricity using the energy of the wind passes through the installation of a wind
generator, and each element of the latter is essential to produce energy in an efficient and
safe way.

In practice, the blades of the wind turbine, located at the top of the mast, are powered by
the wind. Their movement drives the generator, also placed at the top of the mast. It is that
generator that produces electricity (current alternative electric). The mast carries the blades
and the generator. The electricity produced is then converted by a regulator with integrated
rectifier (which also prevents surges and which can switch to sensors photovoltaic or solar
panels in case of under voltage) and routed to the batteries. The energy is thus stored so
that it can be returned to needs.

Before being able to use the direct current redistributed by the batteries, it is necessary to
however transform it into alternating current thanks to an inverter. Several choices are then
available for connection to the electrical network (parallel, temporary or autonomous).
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2.1.1 The mast

In order to be efficient, a wind turbine should be able to pick up relatively strong winds. To
do this, it is necessary to place it high enough. Thus, the blades and sometimes the
generator, are located at the top of a mast whose height varies from 10 to 35 metres. Two
types of mast can be distinguished: A classic mast and a pylon.

Classic mast

Figure (2.1.1.1): Representation of a mast; Source: own recording

A classic mast is a vertical rigid element, generally reserved for horizontal wind turbines.
Resistant, it must not bend under the wind, and its structure must not be able to be attacked
by rust, fungus, mould,...etc. This is why two types of materials are commonly used:
Aluminum or a rust resistant metal. During the design, it should be decided whether the
mast will be installed on foundations or not: If the generator is located at the top,
foundations are essentials. In other cases, they are strongly recommended, as they allow to
ensure its good anchoring in the ground. Thus, the wind turbine will not risk being uprooted
by the wind. For even greater safety, the mast can be fixed by shrouds, or metal cables that
start from the mast and reach the ground. The strength of the mast is then reinforced.

Pylon

A pylon is an assembly of vertical elements, serves to support the wind turbine, whether
horizontal or vertical. Just like the mast, it must be fine anchored in the ground to resist
winds. Aluminum turns out to be a material of choice for its construction, because it is
resistant and does not rust. The negative point of this technique concerns high-rise industrial
wind turbines, as the fact that the pylon is not aesthetic, especially when it’s high. if opted, a
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pylon should be installed on a site clear of all elements liable to be damaged within a radius
equal to the height of the wind turbine.

Figure (2.1.1.2): Representation of a pylon; Source: own recording

2.1.2 The generator

Figure (2.1.2): Generator from ENERCON GmbH; Source: https://www.igwindkraft.at

Determinant element of a wind turbine, since it produces electricity, the choice of generator
is crucial. A dynamo which produces a direct current, can also be used as a generator. But
this solution is not preferred, because transporting a direct current implies large losses. The
generator of a wind turbine is an alternator, in other words, it produces an alternating
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electric current. Its operating principle relies on setting in motion of a magnetic field created
by magnets, thanks to the rotation of blades. So the stronger the magnetic field, the more
electricity will be produced.

Two placements are possible depending on the type of wind turbine. For a vertical wind
turbine, the generator is most often located at the bottom of the pylon or mast. For a
horizontal wind turbine, it is generally installed at the top, directly behind the blades. It is
then necessary to convert the alternating current into direct current with a regulator
incorporating a rectifier before storing it in batteries. From there the direct current will be
converted again in alternating current output, thanks to an inverter, and will be ready to be
used in the house.

2.1.3 The gear box

Figure (2.1.3): Gear box for wind turbine; Source https://www.maschinenmarkt.vogel.de

The gearbox also called multiplier transforms the power at low speed and high torque
produced by the rotor of the wind turbine, into high speed power and low torque used by
the generator. The frequency of rotation is related to the diameter of the rotor and it
decreases as the diameter increases. The blades rotate at a relatively slow speed, in the
range of 5 to 15 revolutions per minute. The slower they are, the larger the blades are.

Most of the generators need to turn at a certain speed, from 1000 to 2000 revolutions per
minute. To keep a good performance it is necessary to increase the frequency of rotation
obtained with an engine. That way of increasing the performance is achieved by using a
multiplier which is a gear train. In the case of the gearbox of a wind generator, a gear system
is generally used consisting of toothed wheels of different diameters with a different

9
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number of teeth. The ratio of the rotational speeds (w) of the input and output shafts is
equal to the ratio of the diameters of the toothed wheels.

The efficiency is variable depending on the power transmitted with an average of 97%. For
large, fast-moving wind turbines, the rotational speed is less than 50 revolutions per minute.
A speed multiplier with a large ratio is needed (ratio greater than at least 750/50 = 15)
except in the case of the use of a synchronous electric generator with permanent magnet
and large diameter where the multiplier is reduced or removed, thus offering the advantage
of avoiding this efficiency and reducing the weight of the nacelle.

The gear box is a heavy and expensive component but it allows to have a rotor connecting a
slow shaft to a slowly rotating multiplier (30 to 40 revolutions per minute) and to be coupled
to an inexpensive generator. The gear box also allows a rotor which turns 40 to 50 times
faster, to be connected to a multiplier by a fast shaft.

In cold countries, gearboxes must be warmed up. Lubrication of the multiplier can be done
by splashing or by forced oil injection. Since gears and bearings are sensitive to particles and
moisture, it is necessary to add an oil filter to continuously remove water, wear particles and
oxidation products.

The multiplier is mounted on elastic pads (rubber pads) to damp vibrations and limit the
transmission of vibrations to the supporting structure. It can also be “floating” to withstand
torque surges.

The multipliers operate non-stop and are subject to heavy and variable loads causing wear,
which requires preventive and corrective maintenance. Like bearings, industrial gears and
axles are designed for a limited life.

The maintenance include the following points:
- Changing oil
- Endoscopic inspection
- Checking the teeth of the gears
- Checking of bearings and almost systematic exchange
- Axis check
- Crankcase check

10
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2.1.4 The battery

__T:Generator

B: Blade— Torque
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Angle

P,: Battery Power

Power Converter

Figure (2.1.4): Integrated battery; Source: Publication [1]

The role of the battery is to store the electricity produced by the wind turbine, then to
redistribute it as needed. The battery thus serves as a buffer stock between the wind turbine
and the electrical circuit of the house, and provides a current constant at exit despite wind
variations. Batteries can only store direct current. However a wind turbine produces an
alternating current, except in very rare cases where the generator chosen is not an
alternator, but a dynamo. The current must therefore be converted via a rectifier. At the
same time, to protect batteries against wind variations, a regulator is also essential. The best
choice is therefore to opt for a regulator incorporating a rectifier. It then plays several roles:
It transforms the current alternating to direct current so that it can be stored in the
batteries, and it protects the batteries by injecting a constant charge.

In addition, if the wind turbine produces too much current, the regulator will prevent
overvoltage in the batteries by regulating the intake. On the contrary, if the intake is too low,
it will interrupt the charge, or even compensate the lack if it is connected to a photovoltaic
solar panel (it must then have a photovoltaic input). Still with the aim of protecting the
batteries, the regulator also avoids an overload by cutting the supply when they are loaded.
Conversely, when they are about to be completely discharged, it supplies the batteries to
prevent them from being completely empty.

Constant charged batteries and deep charged batteries are the two options in term of
industrial wind turbines. Constant charged batteries are created to deliver a maximum of
electricity in a short period of time, but the main problem is that they are quickly discharged.
In order not to create any irreversible damage, this type of battery must not be discharged
by more than 2 to 5%. In other words, they must be recharged continuously, as the charging
and discharging phases cause significant damage. In fact, this solution is strongly not
recommended for an Industrial wind turbine, because its lifespan rarely exceeds three
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months. Deep charged batteries (lead or gel) are the most suitable for a private wind
turbine, because they support perfectly the multiplication of charge and discharge cycles.
Lead-acid batteries are less expensive, but discharge if they are not used and they can also
induce risk of gas emissions or acid leaks. The more expensive gel batteries are more
waterproof and present very little risk of acid leakage. In addition, their composition does
not create any danger of gas emissions. Finally, they are as efficient in slow as in fast
charging, and the unloading is faster.

2.1.5. The inverter

[

Figure (2.1.5): Inverter, ABB GmbH; Source: https://www.braun-windturbinen.com/products/wind-inverter/

Before being used, the direct current distributed by the batteries must be transformed into
usable alternating current (220 V) thanks to an inverter. Thicker and suitable cables are then
necessary, in order to withstand overheating due to direct current.

Part of the Industrial wind turbine and placed between the batteries and the power grid, the
inverter has the function of converting the direct current stored and distributed by the
batteries into alternating current. This step is essential because the power supply of a house
operates on alternating current. Also the inverter makes a noise due to the presence of a
fan. For a domestic wind turbine, the inverter models range from 75 W to 10 kW. It is then
advisable to choose a power little higher than the needs and not to overload it. For example,
a 750 W inverter is ideal for a consumption of 500 W. Be careful however of overheating:
The normal power of use, as well as the peak power are mentioned on the packaging and
the user should be careful not to exceed them.

12
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On the other hand, an inverter consumes electricity not only in use, but also when it is on
standby. Finally, the cables connecting the batteries to the inverter must withstand direct
current. For the risk of overheating, it is necessary to use thicker cables suitable for the
number of carried amperes.

2.1.6 The blades

Figure (2.1.6.1): Representation of blades; Source: own recording

The blades of the wind turbine are attached to the top of the mast, whether it is a vertical or
horizontal model. Driven by the wind, their movement activates a generator which thus
produces electricity. The blades of a wind turbine must offer performance, in order to
capture as much wind as possible, and safety so that it remains firmly attached with no risk
of falling. Every details matter, from size to number including fixing. The blades must
therefore combine several qualities: Aerodynamics, lightness and balance.

When it comes to wind turbine blades with vertical axis, there are many possibilities.
Savonius wind turbine is the easiest to make and consist of two half-cylinders fixed in
staggered rows one in front of the other, or two similar opposing profiles that create a wave
shape: The wind rushes in and produces the rotation. This type of blade is most often used
for pumping water, as its limited speed still poses performance problems in electricity
production today. However, it works with very light winds and offers good resistance to high
winds. Darrieus wind turbine is more efficient, but also more complicated to make. They are
vertical plates with an aerodynamic profile and which turn thanks to the wind. As for the
blades of a horizontal axis wind turbine, they must capture the air, and thus turn to put the
generator in motion. For this, the models are most often modeled on the wings of an
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airplane. An angle of attack is carefully made at the ends: Between 3 and 6 ° at the end, and
between 16 and 25 ° at the start. Of course, these numbers vary depending on the model
and the force of the wind. It is also possible to opt for blades with flat shapes, made of light
wooden planks or thin aluminum sheets, with an attack angle of 18 °. This solution, although
much simpler to implement since it does not involve sculpting the blades, is also less
efficient. By the way, most often, an industrial wind turbine consists of three blades, but it
all depends on climatic conditions. In fact, the fewer blades there are, the faster the wind
turbine will turn. On the other hand, the more there are, the more the wind turbine will be
able to pick up weak winds. Already mentioned, the wind turbine blades must be securely
fixed to avoid any fall or vibration.

Most wind turbine blades are made of composite materials. The construction of very large
wind turbines in particular those for offshore wind farms, are pushing researchers to design
increasingly efficient materials. Two words are enough to qualify the materials necessary for
the construction of wind turbine blades: Lightness and strength. And the longer a blade is,
the more resistant the materials necessary for its manufacture must be.

The materials chosen to build the blades for offshore wind turbines must also be resistant to
corrosion. The composite materials used in the manufacture of the blades are blend of
fiberglass, carbon fiber, polyester resins or epoxy resins.

Research efforts are now focused on the development of increasingly light and resistant
materials. The lightness and strength of these new materials make it possible to
manufacture longer blades, to produce more electricity. For example, researchers at the
American University of Case Western have developed a composite material made of
polyurethane reinforced with carbon nanotubes. Blades constructed from this material are
advertised as being eight times stronger than traditional composite blades, while being
lighter.
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Figure (2.1.6.2): Growth in the size of blades; Source: UpWind 2011
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2.2. Types of wind turbines

2.2.1. Horizontal axis wind turbine

This type of wind turbine is the most widespread. It uses the lifting force of the wind applied
to the blades, like the wings of an airplane, to power an electric generator or a pump.

Figure (2.2.1): Representation of blades; Source: own recording

2.2.2. Vertical axis wind turbine

- Savonius type

Made up of half-cylinders connected to a vertical axis, this type of wind turbine uses the
drag force of the wind, on the principle of windmills. Its efficiency is lower than the one for
wind turbines which use the lift force, but this type of machine makes it possible to exploit
lower wind speeds.

Small in size and quieter than other wind turbines, Savonius wind turbines are ideal for
integration into an urban environment.

15
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Figure (2.2.2.1): Savonius wind turbine in Tokyo, Japan; Source: https://de.wikipedia.org/wiki/Savonius-Rotor

- Darrieus type

With vertical, parabolic or helical blades, Darrieus wind turbines use the lifting force of the
wind, like conventional wind turbines. However, their smaller footprint is an advantage in
terms of landscape and architectural integration.

Figure (2.2.2.2): Darrieus turbine (classic) in Germany; Source: https://de.wikipedia.org/wiki/Darrieus-Rotor
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Figure (2.2.2.3): Darrieus turbine in the USA; Source: https://en.wikipedia.org/wiki/Darrieus_wind_turbine

- Quick overview of the types of wind turbines

own representation | Type Advantages Disadvantages
| Horizontal | Yield economic - Less resistant to strong
F . (99% of the market) winds
i - Engine brakes
- Generator in the nacelle
- Orientation in the wind
direction
f_., Darrieus | - Withstands strong winds | - Low yield
1B (220km / h!) - Difficult start
' |/ - Silent - Additional cost of
# - Ground level generator manufacturing the blades
- - Reduced surface
Savonius | - Works with light wind - Very low efficiency

- Ground level generator
- Silent

- Sinusoidal torque
- Rotor mass
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2.3. Offshore wind turbine

Wind power at sea makes it possible to use strong and regular sea winds to produce
renewable energy without CO2 (carbon dioxide) emissions, and has effectively contributed
to the diversification of the European energy. Located several kilometers from the coast,
offshore wind parks generally consist of several dozen wind turbines which have the
particularity of being more powerful than the models used on land.

The primary objective of any designer of floating offshore equipment is to provide the
greatest possible stability to their product. When a floating platform undergoes oscillations
due to a swell, it exerts a traction followed by a relaxation on the anchoring devices and on
the components which connect it to the mainland (pipes or electric cables). Such alternation
causes materials fatigue, which degrades much more rapidly than supporting a constant
force (permanent traction or compression).

Materials fatigue in the case of floating wind turbines, increases due to vibrations linked to
the rotation of the blades. These vibrations occur as soon as the axis of rotation comes out
of a strict alignment with the direction of the wind. They can be observed on all wind
turbines, including the ones on land during turbulent winds. In the case of a floating wind
turbines, in addition to wind fluctuations, any movements of the float can cause a pivoting
around the vertical axis including a rocking back and forth or from port to starboard.

Two technologies now make it possible to harness the energy of the wind at sea:

Landed offshore wind turbines are the most common. These are wind turbines whose
foundations are installed on the seabed. This technology can be installed in shallow or
moderately deep water (5 to 40 meters deep).

Floating offshore wind is an emerging solution. These are wind turbines resting on floats
anchored to the seabed by cables. This technology is developed to set up wind parks in deep
areas. A pilot project was developed in the Mediterranean: Provence Grand Large located in
France.

Figure (2.3): Offshore wind farm in the north sea; Source: https://en.wikipedia.org/wiki/Offshore_wind_power
18
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2.4 Investment costs of a wind turbine

When we talk about the price of a wind turbine, it is important to differentiate the price of a
domestic wind turbine, totally adapted to the individual, from the cost of an industrial wind
turbine, such as those seen on roads in Germany.

The domestic wind turbine, or small wind turbine, is ideal for domestic use. It is capable of
producing enough energy to supply a household with electricity. It is an efficient solution for
supplying isolated buildings with electricity.

Industrial wind turbines, also known as large wind turbines or giant wind turbines, are
mainly used to generate energy for resale. Its installation is therefore an interesting
investment. This type of equipment can reach a height of over 150 metres and is held on the
ground by a concrete base measuring 15 to 20 metres in diameter.

Domestic and industrial wind turbines are obviously offered at different prices. Logically, the
price of a giant wind turbine is higher than the one of a small wind turbine.

Regarding the cost of installing a wind turbine, it may varies depending on the following
points:

e The type of installation to be carried out: On the roof, on an isolated mast, on
land, at sea.

e The work to be done: Earthworks, laying, connection, installation of a solar
panel in addition.

e Use of the wind turbine: Connection to the network or battery storage.

e The installer price: It varies from one professional to another and depending
on the geographical area of intervention.

The following table gives roughly the cost of these two types of wind turbines as an
indication to essentially get an idea on how much are they worth it.

Domestic wind turbine (on mast): Between 10,000 and 55,000 € (installation and
supply)

Industrial wind turbine (onshore farm): Between 1,4 and 1,6 million Euros per MW
(installation and supply)
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3. Matlab / Simulink

3.1. Matlab

Matlab is a digital calculation software marketed by the company MathWorks. It was
originally developed in the late 1970s by Cleve Moler, professor of mathematics at
University of New Mexico and then Stanford, to allow students to work from a high-level
programming tool and without learning Fortran or C.

Matlab stands for Matrix laboratory. It is a language for scientific computing, data analysis,
visualization and algorithm development. Its interface offers, on the one hand, a window
interactive console style for command execution, and on the other hand, an integrated
development environment (IDE) for programming applications.

Matlab finds its applications in many disciplines. It is a digital powerful tool for modeling
physical systems, simulating mathematical models, designing and validating (simulation
testing and experimentation) of applications. Basic software can be supplemented with
multiple toolboxes. These are libraries of functions dedicated to particular domains. We can
cite for example: Automation, signal processing, statistical analysis, optimization, ...etc.

When starting Matlab, the following interface appears:
4\ MATLAB 7.5.0 (R2007b) I el | - |

File Edit Debug Distributed Desktop Window Help

Dt | & B9 o |8 B | @ | curentDirector: | CrlsersAmenDocument\MATLAE + | (] B
Shortcuts [#] How to Add  [#] What's New

Current Directory w O 2 x Workspace Command Window “0oax

B @ @ Newto MATLAB? Watch this Video, see Demos, or read Getting Started, x
All Files Type Size Date Modified Desd [ 5>
« (I | 3
Command Histary wOoa x
R -
B-%-- 10.07.20 21:12 --%
L-guide
%-- 10.07.20 22:27 --%
%$-- 11.07.20 15:36 --%
Bs-—- 11.07.20 15:37 ——%
“oguide
B-%-- 18.08.20 17:26 --%
qui
—— 1B.08.20 17:28 —— -
“GUT
qui
giu
GIU
%-- 18.08.20 17:32 --%
%-- 04.01.21 21:46 --% o
Resdy OVR.

Figure (3.1): Matlab’s Interface ; Source: own installed software (Matlab R2007b)
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The software offers a real working environment made up of multiple windows. We can
distinguish four blocks:

Command window: At the ">>" command prompt, the user can enter the
instructions to be executed. This is the main interface window.

e Current directory: Allows to browse and view the contents of the user's current

directory. User programs must be located in this directory to be visible and therefore
executable.

e Workspace: Allows to view the defined variables, their type, the size occupied in
memory,... etc.

e Command history: History of commands the user has executed. It is possible to drag
these commands to the command window.

The command window is the central window of the interface. It is from there that the user
will be able to launch the commands interpreted by Matlab. The principle is simple and
intuitive, the trick is to know the appropriate functions and to respect their syntax.

3.2. Graphic representation

Matlab libraries offer a very large number of functions for manipulating graphic objects. We
present here only some basic principles, useful for the visualization of curves. If we focus
particularly in this section on the 2-dimensional graphic representation, it is possible to go
much further: 3D graphics (curves, meshes, surfaces ...), GUI editing (graphical user
interface), animations, ...etc.

Let us plot the cosine function in the interval [-1t/2, t/2] with a step of 0.06.

| Command Window
0 Mew to MATLAE? Watch this Video, see Demos, or read Getting Started.

=» ¥ = —pif2 @ .06 @ pifa:
x> ¥ = cosix):

== ploti=,¥)

=5 |

Figure (3.2): Command window ; Source: own installed software (Matlab R2007b)
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Figure (3.2.1): Cosine function in interval [-1/2, /2] with a step of 0.06 ; Source: own installed software

3.3. Simulink

Simulink is a software with a graphical interface for modeling, simulation and analysis of
dynamic systems. Being integrated with Matlab, the two environments are perfectly
compatible and the various functionalities are then directly accessible. Simulink is based on a

graphical interface that allows easy and user-friendly construction of block diagrams. Each
block making up the system is selected from a set of predefined libraries.

Simulink can be launched from the Matlab environment by clicking in the toolbar on the

button & or by typing simulink in the command window. The following window (Simulink
Library Browser) appears:
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W& Simulink Library Browser @_Ig

| File | Edit View Help

O & 44 ¢4 |
" Commonly Used Blocks: simulink/Commonly
|sed Blocks
‘- g Simulink s [ -
----- 2+ Commoenly Used Blocks ;fsgd AR Commonly Used Blocks
..... | Continuous
----- # Discontinuities | E E Cortinuous
----- y hscrete = A
----- 2+ Logic and Bit Operations : ': Discontinuities
----- | Lookup Tables (] et
..... 2+ Math Operations : Discrete
..... y Model Verification =| [E
----- | Model-Wide Utilities &% =| Logic and Bit
----- | Ports & Subsystems Il =| Operations =
----- ] Signal Attributes
----- y Signal Routing E ; : Ponluig el
=
----- 2+ Sinks
..... # Sources : I " Math Operations
----- % User-Defined Functions 2
Eﬂ"'y Additional Math & Discrete : % Model Verfication
- W Aerospace Blockset (] -
- B Communications Blockset || mise | Model-Wide Utilties
----- ¥ Control System Toolbox I=
- B Fuzzy Logic Toolbox JL F —
..... B Model Predictive Control Toclbox & P e
- B Neural Network Toolbox 2
L RF Blockset : Signal Attributes
- : - Eﬂ
Eﬂ---ﬁ] Real-Time Workshop SR |
Eﬂ---ﬁ] Real-Time Workshop Embedded ¢ | E Signal Routing
..... &l Rennrt Generator sl &
< i | S &

Ready

Figure (3.3.1): Command window ; Source: own installed software (Matlab R2007b)

The left column lists the available libraries. They are arranged by disciplines (Automatic,
Aerospace, Communication, Signal processing, Fuzzy Logic, Real-Time,... etc.) and grouped
together a set of functional blocks linked to a particular category of functions. When
selecting a library, the blocks that compose it are displayed in the right part.

A new model is created by clicking on the blank sheet icon O or on File => New => Model
menu. An empty window appears, it will serve as a support to build our model.
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B untitled = | B -
| File | Edit View Simulation Format Tools Help

D E| tB2BR|E= 4|52 » jm.ﬂ | Normal Ral
Ready 100% : : loded5

Figure (3.3.2): Model menu ; Source: own installed software (Matlab R2007 b)

The interface is intuitive and easy to use, a model is built from the functional blocks by drag
and drop. The blocks are then interconnected by arrows drawn with the mouse (click and
hold on a block’s entry/exit and then release on another block’s entry/exit). Each block can
be edited (settings of its parameters) by double-clicking over it. This last action opens a
dialog window in which a description of the block and configurable fields are given.

[ MATLA 750 (R20075) : I
Filef 9

ol B Simulink Library Browser_ = =) . —

ume : |

[ File Edit View Help 5 B untitled * = ]
Shal -

IRy - File Edit View Simulation Format Tools Help

ul d

& Abs:y =l d O & =B |E> 4|22 r m 100 | [Nomal ~|| B &
AL | B @l Simulink & o - Bsd |5

5] Commonly Used Blacks
| Continuous
% Discontinuities
~. 2] Discrete
- 2] Logic and Bit Operations
. 28] Lookup Tables
.. 2] Math Operations
... 2] Model Verification
2| Model-Wide Utilities
2 Ports & Subsystems
% Signal Attributes
. 2| Signal Routing

Dot Product

Gain —

Magnitude-Any
Complex

Math Function

Matrix Concatenate

m

MinMax

@IE@EHVDE

4 - 23] Sinks &
- 2] Sources
£ . ; MM Runing 9
. .. 2| User-Defined Functions LMy | a9 Sine Wave Integrator Scope
H A
=] @2+ Additional Math & Discrete
|| 8 acospaceocisa e
54 [ 61 B Communications Blockset R A
B Control System Toolbox i —
- B Fuzzy Logic Toolbox olF)
. ]| Model Predictive Control Toolbox
=11 | - B Neural Network Toolbox Product
- B8l RF Blockset |
- | Real-Time Warkshop Product of Elements
E7- ] Real-Time Warkshop Embedded ¢
B
14 B Report Generator ‘:}_ Real-Imag to Complex 3 Ready 100% | oded5
B T Robust Contral Toolbox
- BBl Signal Processing Blockset = W
RS S A G ) Reshape
4 mn " - -
Ready AE

Figure (3.3.3): Blocks drawn per drag and drop ; Source: own installed software (Matlab R2007b)
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Some blocks like Sine Wave can be set by clicking twice over them. After running the

simulation, the response of the whole system can be observed by double-clicking over the
oscilloscope.

- CUnE N W s T e e
i B untitledl * = B8] %
File Edit View Simulation Format Tools Help
D SEHE %2R =24 |22y 8o [Nomal - &
E Source Block Parameters: Sine Wave =
Sine Wave

Output a sine wave:
0Oft] = Amp*Sin[Freqt+Phase) + Bias

Sine type determines the computational technique uged. The parameters in the bwo
tppes are related through:

Samples per period = 2*pi / [Frequency * Sample time) >D>
Number of offset samples = Phase * Samples per period /# [2*pi] Gam

Use the sample-bazed sine type if numerical problems due to unning for large times
(.. overflow in absolute time) ocour.

m

Parameters

[
i Sine type: | Time bazed |z| u
Sine Wave Integrator Scope
1 Time [t): Use simulation time |z|

; Amplitude: nScope == i:h‘
NI GEPLL ABE BAET -

Biaz:
0

Frequency (rad/sec):
1

Y| Phase [rad} L
¥l o
f Sample time: odeds
g n - s
l akK ] [ Cancel ] [ Help ]
AT——

Figure (3.3.4): Scope representation: own installed software (Matlab R2007b)
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4. Simulation of a wind turbine using Matlab

4.1. Operational management of a wind turbine

Wind turbines and wind farms are not only a comprehensive, but above all a long-term
investment. The maximum vyield can only be achieved during a certain period of time if
smooth, perfectly and coordinated operation is guaranteed. A technical operator therefore
takes all measures that serve to optimize and reduce costs in all areas, from the conclusion
of contracts with insurers and maintenance companies to the permanent monitoring of the
wind turbines including the commissioning of regular repair work. The quality of the
technical operations management services is therefore the basis for the highest possible
availability of wind turbines.

The remote monitoring of wind turbines, plays an essential role within the operator's
portfolio. All system data relevant to the operation as well as yield data and details on the
system status are recorded and evaluated. Regular inspections also provide a tangible on-
site overview. The technical operations management also initiates and monitors all
measures for troubleshooting. A careful comparison of target and actual data as well as
error details also makes it possible to identify potential for improvement and to make the
best possible use of wind turbine.

As already described, technical operations management is primarily about taking measures
that guarantee a technically perfect condition of wind turbines and thus their highest
possible availability. Technical operations can be summarized as follows:

e Care of wind turbine/wind farm around the clock.

e Coordination of repair and service measures as well as their monitoring.

e Regular reports to the operator of the wind turbine/wind farm.

e Maintenance and inspections at regular intervals.

e Long term organization and planning of the replacement of system components.

e Condition monitoring and documentation

In order to be able to make the right decisions as a technical operator, it is important to
correctly interpret and evaluate malfunctions and fault reports. Their analysis provides initial
information about the availability of wind turbines. Fault messages can be classified
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according to fault groups, so that the different messages can be clearly interpreted. The
classification takes place, for example in fault groups such as hydraulics, pitch, operator stop
or brake. The type and duration of the respective malfunctions are documented and are
used to investigate the causes of the malfunction and to assess availability. Of course,
maintenance and repair times also have an impact on the availability of wind turbines. Since
downtimes mean a loss of yield, precise information on downtimes and their causes is
extremely important: They not only reveal possible optimization potential, but also provide
the operator with precise data on whether his wind turbine/wind farm is being operated
economically.

| | Anlagenprifung -— Stop '-'I | Netabschaltung
L = L A

Stillstand | SA --| Slillsatzan |

= i

Sh -

| SA - Anfahran -

S - Wartesteliung

(S \— Hochfahren | -

o i

L
| BA - Vollastetrieh

Figure (4.1): Structure of an operational management; Source: Literature [2]

When in operation, a wind turbine is fully functional. In this state, the automatic mode is
switched on, the wind turbine is ready for use, works in the manner intended for it and has
no malfunctions.

There are two types of operating states:

e Temporary operation: This state is limited in time and monitored. An error message
occurs after a defined time has been exceeded.
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e Stationary operation: No state is monitored. This operation is achieved when all
normal operating conditions are met.

Anlagenpriifung or system testing

After the operational management has been put into service, the wind turbine must be
subjected to a system test. Different states of the operational sequence are queried and
they are concluded with messages. If all messages are positive, the operational management
can switch to standstill.

Stillstand or standstill

In this operating state, the rotor is in a stationary position and the brakes are activated. The
electrical generator system is switched off and no current is flowing. This prevents switching
to the start-up mode. A system check then runs and if all conditions are positive, it is
possible to switch to start-up.

Anfahren or start up

When starting up, the wind turbine runs without load at rotor speed defined by the
operational management. The conditions for stopping and waiting speed are checked. As
soon as the waiting speed has reached the minimum, the waiting mode is switched on.

Wartestellung or waiting mode

In this state, all components of the wind turbine are ready for operation. The generator
system is still switched off and there is still no current flowing. The conditions for starting up,
shutting down and stopping are checked. If the waiting mode becomes too long, an error
message appears. A change to the next operating state takes place after a positive check.

Hochfahren or drive up

If the speed of the wind is high enough, the rotor speed of the wind turbine can be increased
to a certain value. Once the value has been reached, the generator system can be connected
to the supply network. During drive up, all conditions are checked and if they are all positive,
it goes to the next operating state.

Teillastbetrieb or partial load operation

The generator system feeds electricity into the supply network. The rotor remains limited by
speed control. Even in partial load operation, all conditions for the next operating state are
checked.

Volllastbetrieb or full load operation

The change from partial load operation to full load operation only takes place via wind speed
when this has reached a certain value. The termination conditions and messages are
constantly checked.
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4.2. Simulation using Matlab

The Graphical User Interface Development Environment (GUIDE) is used for the creation of a
Graphical User Interface (GUI) for a Matlab program. GUI allows the user to interact with a

Matlab program, thanks to different graphic objects (buttons, menus, check boxes,...etc). By
saving GUIDE two files occur:

The figure file or FIG-file with the suffix .fig describes the layout by giving graphical
information.

e The code file or M-file with the suffix .m which contains Matlab functions and a

number of subfunctions. This file enables the functionality of GUI and controls its
behaviour.

How to start the simulation with GUIDE

Open up Matlab . Go to the command window, type in guide and press the enter Key.
Cammand Window

0 Mew to MATLAB? Watch this Video, see Demos, or read Getting Started.

»» guide

2. Choose the first option Blank GUI (Default) and click OK.
B GUIDE Quick Start L= o e

Create Mew GUI | Open Existing GUI

GUIDE templates

<\ Blank GUI (Defaull)

. GUIwith Uicontrols

ol GUIwith A2 s and Menu
@k mModal Guestion Dialog

Freview

BLANK

[] Sawve on startup as: '.C:IUSErSWmeIIDncumentSIMATL&EIluntitled.ﬂg

] ” Cancel ” Help
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3.

The following GUIDE window appears.

-
ﬁ untitled.fig

File Edit View Layout Tools Help

DS H| immo | aEhd 0%

k Select

Push Button

[T Edit Text

El Listhax
& Toggle Button

[&] Panel

"% Button Group
ZX ActivelX Cantral

| Current Point: [14, 200] | Position: [520, 380, 560, 420]

GUI objects can be created by using the buttons on the left (see GUIDE window above):

Push Button:

Slider:

Radio Button:

Check Box:

Edit Text:

Static Text:

Pop-up Menu:

Listbox:

A button being activated when the user clicks on it.

By adjusting the position of the slide a number can be entered.

Can be selected/unselected to change state.

By ticking on the Box its state can be changed.

Allows the user to type text into the window.

Displays items to get labeled.

Gives the user the possibility to select options.

Lists items that can be selected and scrolled.
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Toggle Button: Once pressed, it’s possible to switch between options.

Axes: A Surface used to display 2- or 3- dimensional graphics.

Panel: Visually controlled groups.

Button Group: Enables Radio Buttons or Toggle Buttons to act together by just

selecting one each time.

ActiveX Control: Allows a windows program to insert an ActiveX.

4. Add and adjust GUI objects per drag and drop onto the GUI figure.

ﬁs untitled.fig
File Edit Wiew Layout Tools Help

DEE s BB~ aBhd D% »

k Select 4/
Push Buttan Push Button

Puzh Button

Push Button
axes

Push Button

Puzh Button
%] Panel

i

[*8] Button Group

= 7 : Static Text Puzh Button
=X Activer Control

Puzh Button

Pop-up Meru | v

gty |

Push Button

Curent Point: [172, 1] |Positi=:|n: [50, 115, 201, 201]

If necessary the Push Buttons can be aligned firstly by pressing Strg, clicking over them and
secondly by selecting on the menu bar Tools => Align Objects.

Align Objects allows to set the space between Push Buttons vertically and horizontally as
seen in the figure below.
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ﬁ untitled.fig

File Edit View Layout Tools

Help

DEE | {BR > | &BHhes B »

k Select
[5&] Pysh Button

== Fop-up Menu
=l Listhox
[ Toggle Button

(%] Panel
[*¥ Button Group
EX ActiveX Contral

i Align Objects

Wattical
Align

Distribute

Horizontal
Align

Distribute

Set spacing pixels

Ssatﬁpa-:ingpixeis

Push Button

l ]
Push Buttan I

[ ' [ 1
Push Button I

Push Butt

| |
Push Button I

L]
Push Buitt

[ ' [ 1
Push Button I

[ ok

“ Apnply ][ Cancel J

"
Push Butt

[
DHI

]Current Point: [22, 339]

JPosi'tion: [MULTL MULTL MULTL MULTI]

5.

| Position: [431, 70, 65, 23

™

Double click on Push Buttons, select String and assign a new value to the existing one.
ﬁ untitled.fig (= | =l | 23
File Edit View Layout Toole—tal
DEE | % B’ o @Inspector: uicontrol [p[ == iﬂj
k Select | |
[ Push Eutton FaregroundCalor | . Start
= Slider HandleVisibility an = |
i HitTest b g
@& Radio Button [EAR an T
M Check Box BE— Harizontal&lign... center e
7 Edit Text Interruptible an x |
Puzh Buttan
T Static Texd KeyPressFen &
ListhoxT 1.0 &
=3 Fap-up Menu r\: ki = 5
=l Listhax . : push Button |
Min 0.0 - g | [
et Toggle Button 7= |
Pasition [86 28,385 13,8... .
Push Buitt
SelectionHighlig... an = u? =
= SliderStep [0,010,1] |
L]
T ETE) o s
ZX ActiveX Contral Style pushbutton = _ |
Tag pushbutton? & Push Button
ToaoltipString &
UIContextMenu <Naone ¥
Units characters = Pu#h Eiuttnn!
| UseData H 0 doust.. 2| |l | l
I | Value @ [0.0] i

32



Simulation of the operational management of a wind turbine using Matlab/Simulink

-
ﬁ untitled.fig

= | B S |

File

Edit View Layout Tools

Help

DEd i @B~ |[sEBhd B2 »

k Selact

=] Push Buttan t
amm Slider |
_G' Radio Buttan i
[ Check Box |
el Edit Text .
! Stillstand
T Static Text 1
axes
=2 Pop-up Menu
Anfahren
Wartestellung
[ Button Group |
=X ActiveX Control Static Text Hochishren
=X ActivelX Contro |
Teillasthetrieb
|P0p-up Manu

Volllzsthetriek

JCurrent Paint: [78, &

| Pasition: [520, 380, 560, 420]

6.

Matlab functions peaks, membrane, sinc to replace the value with the word Pop-Up.

ﬁ untitled.fig

= 3

P

™

File @ Inspector: uicontrol (p.. /= | EI L % '1

r

Y P mt
e | LA

String

It

B ForegroundColor 8] I

HandleVisibility
HitTest

Harizontal&lign..

Interruptible

KeyPressFcn

ListboxTop

Max

Min
Position

SelectionHighlig...

SliderStep

on
on
center

on

1.0
10
0.0

4

B 0% % %

[50,8 3,769 19,...

on
[0,010,1]

popupmenu T

Style

Tag
TooltipString
UIContextMenu
Units

UserData

Value

Wisible

popupmen.., &

&
<MNone > &
characters 5
[0 doubl.. &

[10]

on

-

peaks

5inc|

membrane

m

Ok ” Cancel
Static Text Hochiahren
Teillasthetrieh
[Pop-up Menu [+ |
Volllasthetrieh

-

Current Paint: [307, 61]

]Position: [255. 50, 55, 20]
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7. Pop-up menu to be labeled as Select Data.

ﬁ untitled.fig (= | Bl % |
File 2 Inspector: uicontrol [t.. | = | & | 2§ Suing M
O B | L Select Dat|
[E T ForegroundCaolor A TN

HandleVisibility an T
HitTest an hi
HarizontalAlign... center hi
Interruptible an i
KeyPressFecn &
ListboxTop 1.0 &
Max 1.0 &
Min 0.0 @
Pasition [59,4 9,077 10,.., [ ok ][ cance
SelectionHighlig... an -
SliderStep [0,010,1] Wartestelung
EO ) s |
Style o T Ltatic Texd Hochfahren
Tag textd @ |
TooltipString & - :
UIContexthenu <Mone > o Rasteticy
k:
Units characters o |pea = vl ‘
UserData ﬂ [0x0 doubl.. & wollastbetrieb
Value & [0 | | ] |
Visible on [y
| Current Paint: [125 159) JPc-s'rtiDn: 258, 119, 53,19
8. Saving the GUI to a file.
Freigeben fir - Brennen Meuer Ordner
- —
Marme Anderungsdaturmn Typ Grofe
tl Simulation 28,01.2021 00:29 MATLAEB Figure 5KB
U Simulation 25.01.2021 00:29 MATLAE M-file 6 KB

GUI can be saved under any file name and Matlab generates automatically two files with
extension .m and .fig.
e The .fig-file contains all the geometric information and all the properties of every
GUI object put in the frame.
e The .m-file contains all the code for the GUI. That code creates and executes the GUI
tool being made.

GUI stores the two files in the Matlab folder and loads them into the Matlab editor.
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- ~
ﬂ’ Simulation.fig " E =B = |
File Edit View Layout Tools Help
DEEH| iR o | 2aBHhd %>
k Select |
Push Button Start
e Slider |
® Radio Button Anlagenpruefung
[ Check Box ‘
[ElF Edit Text )
= Stillstand
[T Static Text
Y axes] N
EZ Pop-up Menu
Listhox Anfahren
& Togale Buttan |
k‘.‘:AXES Wartestelung
[Tl Panel |
T
—°| Button Graup Hochiahren
ZX Activex Cantral
Select Data Teillasthetrieh
peaks -~
Wollasthetrieh
|Current point: (5, 221] | Position: [520. 320, 560, 420]

Fig-File; Source: own installed software (Matlab R2007b)

T Editor - C:\Users\Armel\PersonelE-Dipl. Ing\W52020-21\Simulation der Betriebsfilhrung with GUN\Simulation.m

File Edit Text Go Cell Tools

Debug Desktop Window Help

-

Dﬁﬂl%%@o_olglu«»ﬁj

2|88 - 2 ;*I%%%%Io

3. ijkunctlon varargout = Simulatlontvararginj

2 fds SIMULATION M-file for Simulation.fig

3 5 SIMULATION, by itself, creates a new SIMULATICN or raises the existing

4 5 singleton®.

3 5
& 5 H = SIMULATION returns the handle to a new SIMULATION or the handle to

7 % the existing singleton®.

g %

9 % SIMULATICN (' CALLBACE' , hUbject,eventData, handles,...) calls the local
10 % function named CALLBACK in SIMULATICN.M with the given input arguments.
alad %

12 5 SIMULATION{'Property','Value',...) creates a new SIMULATION or raises the
13 % existing singleton*. Starting from the left, property value palrs are
14 3 applied to the GUI before Simulation OpeningFcn gets called. An

15 % unrecognized property name or invalid wvalus makes property application
1& % stop. All inputs are passed to Jimulation OpeningFen via varargin.

17 5

18 % *%ee GUI Options on GUIDE's Tools menu. Choose "GUI allows only one
19 5 instance to run ([singletonj)™.

20 5

21 -% See also: GUIDE, GUIDATA, GUIHANDLES

22

23 % Edit the above text to modify the response to help Simulation

24

25 % Last Modified by GUIDE v2.5 28-Jan-2021 00:29:48

28

27 % Begin initialization code - DO NOT EDIT

28 — gui_Singlston = 1;

2O = gui_State = struct('gui_Nams', mfilenams,

30 'gui_Singleton', gui_Singleton,

31 'gui_OpeningFen', @Simulation_Openinchn,

32 'gui_CutputFecn', ESimulation_Outputhn,

33 'gui_LayoutFecn', Bl =

34 ‘oui Callback' I3

M-File; Source: own installed software (Matlab R2007b)
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After having saved the files, GUI can be launched by selecting Tools => Run or simply by

clicking on the green icon ™ seen on the GUIDE editor below .

rf Simulation.fig =RACN X

File Edit View Layout Tools Help
DFE i@~ | 2B EH%

GUIDE displays the following dialog box. To continue click on “Add to Path “

1

GUIDE

i) MATLAB cannot run this file because
(J C:\...olbox\signal\signal\@dfilt\simulation.m shadows it in the
MATLAB path.

To continue activation, you can either change the MATLAE current directory or
add its directory to the MATLAE path,

Change Directory |’ Add to Path H Cancel ” Help ]

At this stage the simulation is not responding/working. To have it functional, multiple codes
should be added to the m-file.

-
u Simulation I. =] ihj

Start

1 Anlagenprusfung
08¢t Stillstand
06
04r

Wiartestellung
02
0 . ) Hochfahren
0 05 1
Zelect Dats cillastbetrich
peaks v'
Yallagtbetriek
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To generate the graphic to be plotted a code should be added to the opening function
immediately after the line 53 “% varargin command line arguments to simulation” and
before the line 66 “% Choose default command line output for Simulation”.

=~ Editor - C\Users\Armel\Personel\JE-Dipl. Ing\W52020-21\Simulation der Betriebsfilhrung with GUR\Simulation.m*
File Edit Text Go Cell Tools Debug Desktop Window Help
NAE @9 oS |dawf B 8880 8| sudsms -

2(BBIE| -0 |+ |11 |x|@HaH| O

48
47 %5 ——— Executes -"just before Simulation is made wisible.
48 function Simulation OpeningFen(hCbject, sventdata, handles, wvarargin)
49 % This Ifunction has no output args, sSee ODucpuctFcn.
50 % hObject handle to Eigure
il % ewventdata resgserved - to be defined in a future version of MATLAE
2 % handles structure with handles and user data (see GUIDATA)
53 % varargin command line arguments to 3imulation (see VABARGIN)
54
55 % Create the data to be plotted.
Sh — handles.peaks=peaks (35);
Sl e handles.menbranse=m=mbrane;
SH = [%,7] = meshgrid{—B8:.5:8):
S = ro=sgrt{x."Z2+yv."2) + eps;
&0 — sinc = ginfr)./r:
Bl handles.sinc = sinc:
a2 % Set the current data value.
b3 = handles.current data = handles.peaks;
a4 — surf (handles.current_data)
65
ba % Choose default command line output for Simulation
BT~ handles.ocutput = hibject;
BB
689 % Update handles structure
Pl = guidata (hCbdect, handles):
71
2 % UIVAIT makes Simulation wait for user response (see UIRESUME)
73 % uiwvait (handles.figurel) ;
74
Code for plotting a graphic; Source: Literature [3]
hObject: Every GUI object (Push Button, Slider, Pop-up Menu, Axes...etc) is
represented by a “handle” variable.
handles: Coded structure of a GUI object and containing data stored in it.
handles is used to communicate with the GUI object through the
commands get und set.
varargin: “variable argument input” can be used to send in a different number

of arguments for different function calls.
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eventdata: Is empty for most callbacks but for some it gives more information
about what triggered the callback.
By running the simulation the following graphic can be created:

ru Simulation I. =

=)

Start

Anlagenprusfung

Stillstand

Anfahren

Wartestellung

Hachfahren

Select Dats cillastbetrich

peaks -

Yollasthetriek

To activate each Push Buttons, a Callback is to be selected for each of them as seen below:

4\ MATLAB 7.5.0 (R2007b)
File Edit Debug Distributed Desktop Window Help

= &) Pg

DA BB 2 o |80 E | @ | curentDirectory: | CAlsers\AmeNDocuments\MATLAE ~ | [] )
Shorteuts [ Howto Add [# What's New - =
Current Directory w O A % Workspace | & Simulationfig (= | o] oA x
BEH| @ - File Edit View Layout Tools Help x
Al Files Type s DS H BB~ (BB B~
) untitied. mat MAT-file 2KB  Select T T T T

—_— . . char' .

Push Button St |

—T— cut
= Slider
Copy

@ Radio Bution Arisgerene pgte

[ Check Box e

G Edit Text it Dusiicais

i Siatic Text " e

EEC

T | Bring to Front

Sl Listbox | | _anfeh| SendtoBack
< T | I Toggle Button Property Inspector

Wartestell  Object Browser

Command History — :
iUy - SIH(R] 1-file Editor
s iesCon) '8 Buton Group IS Vicw Calivacks »[ calback
E-%-- 04.01.21 23:02 --% R

X Activex Control

{obex = -pif2 i .06 : PL/2;
Loy = cos(x);

CreateFcn

Select Deisl Teilastoetrich] el

i teplot(x, vl T T T ButtonDownFcn
i peaks v
Pe3-- 04.01.21 23:47 —-% sdaiie— e
Es-- 05.01.21 10:2 s Yolllasthetrieh b
i beguide T
E%-- 10.01.21 15:22 —-%
i eguide
i%-- 10.01.21 15:26 --% [Cunent Point: (473, 322 Position: (421, 370, €8, 23]
B-%-- 10.01.21 15:32 —-%

Leguide
BE%-- 27.01.21 10:58 —-% L4

eguide -

4 Start
_—

1815
02.022021

DE L jme Ll s

38



Simulation of the operational management of a wind turbine using Matlab/Simulink

By selecting the Callback for Start, the Cursor will then take us to the following code block.
~1 Editor - CA\Users\Armel\PersonelE-Dipl. Ing\W52020-2145imulation der Betriebsfiihrung with GUT\Simulation.m
File Edit Text Go Cell Tools Debug Desktop Window Help

: S —
NAH $2B9 0 & Aasi|B-E8%8 88 E 8 | sedbase |

2|83 38| -.lﬂ o B

87 % ——— Executes on button press in pushbutton?.

88 Hifunction pushbuttonZ Callback (hObject, eventdata, handles)

B8g =% ‘hibject handle to pushbuttonZ (see GCBO)

=ln| % eventdata reserved - to be defined in a future wversion of MATLAERE
91 % handles structure with handles and user data (see GUIDATA)

9z

After the line 91 “% handles structure with handles....” the following code is to be added:

93 % Display start plot of the currently selected data|
94 — -start (handles.current data);

And the same procedure should be repeated for the remaining Push Buttons.
=] Editor - CAUsers\Armel\PersonelE-Dipl. IngyW52020-21\Simulation der Betriebsfihrung with GUDN\Simulation.m*

File Edit Text Go Cell Tools Debug Desktop Window Help
Nt E B9 S| e iR -8 8 0B 8| sec b -]

D888 - [+ ]+ | x|k |O
87 % ——— Executes on button press in pushbuttonz.

a8 —“|function pushbuttonZ Callback(hObject, eventdata, handles)

Ba % hobject handle to pushbuttoni (see GCEQ)

20 % eventdata reserved — to be defined in a future wersion of MATLAB
91 -% handles structure with handles and user data (see GUIDATA)

892

93 % Displav start plot of the currently selected data

g4 — Start (handles.current data);

g5

=) % ---— Executes on button press in pushbutton3.

87 —|function pushbutton3 Callback(hObject, eventdata, handles)

o8 % hObdject handle to pushbutton3 (see GCEQJ)

g9 % ewventdata reserved — to be defined in a future wversion of MATLAB
100 % handles structure with handles and user data (see GUIDATA)

101

102 % Displav start plot of the currently selected data

183 - Anlagenpruefung (handles.current data);

104

105 % —-—--— Executes on button press in pushbuttong.

10& function pushbutton4 Callback({hCbject, eventdata, handles)

hObject handle to pushbuttond (see GCED)
eventdata reserved — to be defined in a future wersion of MATLAEB

E

handles structure with handles and user data (see= GUIDATA)

107 _I:I-'|

108

109

110

111 % Displav start plot of the currently selected data

1132 Stillstand (handles.current_data) ;

113

114 % —---— Executes on button press in pushbuttons.

115 E%functicn pushbuttonS Callback (hObject, eventdata, handles)

11e -1% hObject handle to pushbutton5 (see GCEQ)

117 % ewventdata reserved - to be defined in a future wersion of MATLAB
113 % handles structure with handles and user data (see GUIDATA)

119
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To activate the Pop-up Menu a Callback should be selected as follow:

4\ MATLAB 75.0 (R20075) . =] b3
Fil: Edit Debug Diswibuted Desktop Window Help

DA & M9 o | &0 B | @ | curentDirectory: | cusers\amenDocumentswmatLAe ~ [

Shorteuts [#] Howto Add [#] What's New

Current Directory 1w O a x| Workipace | Command Wind + 0 oA x
r :
EERIEE £f Simulstionfig - [E=TE=> x
All Files ~ Type Size Date Modifl | File Edit View Layout Tools Help B
) untitled. mat MAT-flle kBN S H| f @B~ S ERES |-
K Select |
Push Buttan Start
= Sidler |
® Radio Button &
[ Check Box Capy
I Edlit Text PR
) Gtatic Tt i i
axes
=3 Pop-up Menu EEED
< i Euatbux Bring to Front
Command History [H Togale Button Sendto Back
i i fues
L-plotiksg) g Property Inspector
B-%-- 04.01.21 23:02 --% — Object Browser
{obex = -pifz @ .06 : pi/2: "8 Buttan Group H-fle: Editor
Loy = cosin); [ Autivest Control am—
3 S e View Callbacks v| calback |
fe%o— 04.01.21 23:47 —-% Select DS b ronery Edior CrealeFen
&x-- 05.01.21 10:27 —-% poaks iz aiaac DeleteFcn
i teguide ButtonDewnFen
G-3-- 10.01.21 15:24 --% vellstoer i
i loguide | a

b%-- 10.01.21
E-%-- 10.01.21
Leguide
BErs—- 27.01.21

Cguide Ell>> &
4 Start
P

[Curent Poine: (339, 55] | Posiion: [251. 50, 55, 20]

20:57
02.022021

DE o mr il s ¥

And a code should be added to the M-file.
~T Editor - C\Users\Armel\Personel\E-Dipl. Ing\WS52020-21\Simulation der Betriebsfiihrung with GUD\Simulation.m
File Edit Text Go Cell Tools Debug Desktop Window Help

Dﬁﬂ|¥a%ﬁ"§'@'|@|ﬁ##ﬁa m'aﬁ@ﬁ@@|ﬁack:gﬂase v:

2 FBE] - |+ ]+ [x |20

158

159 % ——— Executes on selection change in popupmenul.

160 Blfunction popupmenusd Callback (hCbject, eventdata, handles)
161 E]% hlbject handle to popupmenuZ (see GCBO)

162 % ewventdata resgserved - to be defined in a future wversion of MATLAE
1e3 -% handles structure with handles and user data (see GUIDATA)
1=4

165 % Determine the selected data set.

leb — str = get [hlbgect, "String"):

1ET = val = get (hObject, "Walue!'}:

1&g % Set Current data to the selected data set.

ThEE = syitch stri{wval}:

170 — case 'peaks' % User selects peaks.

150 B handles.current data = handles.pesaks;

1 e case 'membrane' % User selects membrane.

T handles.current_data = handles.menbrans;

174 — case 'sinc' 3 User selects sinc.

ETS = handles.current _data = handlss.sinc;

116 — end

177 % Save the handles structure.

178 — -guidata{hCbject, handles)

Code for the activation of Pop-up Menu; Source: Literature[3]
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At this stage the expectation is to have the graphic (page 38) changing its structure by
clicking on one of the Push Buttons (Start, Anlagenpruefung etc...). Unfortunately the
activation of the Push Buttons isn’t working and there are multiple errors appearing onto the
command window as seen in the interface below.

Command Window

o Mew to MATLAE? Watch this Video, see Demas, or read Getting Started.

gui mainfcn(gui_ State, varargin{:});
??? Error while ewvaluating uicontrel Callback
?7?7 Reference to non-existent field 'current data'.

Error in ==»> Simulation>pushbuttoné Callback at 13&

Wartestellung (handles.current data);

Error in ==> gui mainfen at 98

feval (varargin{:}):

Error im ==> Simalaticon &t 42

gui mainfen(gui State, wvarargin{:}):
727 Error while ewaluating uwicentrel Callback
777 Reference to non-existent field 'current data'.

Error in ==> Simulationzpushbutton? Callback at 145

Hochfahren (handles.current_data) ;

Error in ==> gui mainfcm at 9&

feval (varargin{:}):

Error in ==> Simulation at 42

gui mainfen(gui State, wvarargin{:}):
?77? Error while ewvaluating uwicentrol Callback

i

The reason for these errors is that the Push Buttons are not defined and not represented by
a “handle” variable also called hObject. To fix the problem the Push Buttons have to be
stored in the handles structure.

Unfortunately the remaining time doesn’t allow me to look further into the code and to
conclude this simulation successfully.
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