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Design and Research of Computer Model of Wind Turbine Using
LabVIEW

Streszczenie. Problematyka modelowania przeptywu wiatru i elektromechaniki turbiny wiatrowej cieszy sie duzym zainteresowaniem. Praca dotyczy
projektowania | badana modelu turbiny wiatrowej. Wyniki badan dynamiki elektryczno-mechanicznego ukfadu opracowano za pomocg
oprogramowania LabVIEW. Opracowany model komputerowy turbiny wiatrowej umozliwia prowadzenie badan jej dynamiki przy stochastycznej
zmianie predkos$ci wiatru.

Abstract. The issues of wind flow modeling and wind turbine electromechanics are of great interest. The work concerns the design and testing of a
wind turbine model. The results of the study of the electro-mechanical dynamics of the system were developed using the LabVIEW software. The
developed computer model of the wind turbine enables the study of its dynamics with stochastic changes in wind speed. (Projektowanie i badanie

komputerowego modelu turbiny wiatrowej z wykorzystaniem LabVIEW).

Stowa kluczowe: model komputerowy, przeptyw wiatru, turbina wiatrowa, zintegrowane srodowisko programistyczne LabVIEW.
Keywords: computer model, wind flow, wind turbine, LabVIEW integrated development environment.

Introduction

The development of wind power engineering requires
the constant improvement of both technology and
converting the wind power usually into electrical energy,
which is not possible without a deep study of
electromechanical processes occurring in a turbine. To
minimize the costs and time for development and
improvement of the design of wind turbines as well as
systems of their control, the methods of computer
simulation are used. This modelling can be implemented

using up-to-date mathematical apparatus, methods of
investigation, and applied software. Traditionally, the
technology of computer simulation is realized in

MATLAB/Simulink [1-3], less often using other software [4—
7]. Apart from the design and improvement of the
construction of a wind power turbine, one of the objectives
of computer simulation is forecasting power generation with
existing turbines [8-9].

One of the possible ways of computer simulation is the
use of virtual tools in the LabVIEW software environment
made by National Instruments. This software has several
advantages, in particular: the programming is based on the
means of graphic G-programming, which is close to the
nature of the activities of scientific and engineering
personnel; user-friendly and informative user interface; the
features of using the external data input/output devices, etc.
Due to this, we applied this software.

Simulation of wind turbines can be performed using a
continuous signal of input data on wind speed from
anemometers or using a computer model of stationary and
variable wind flows. The first of them is not convenient due
to weather conditions, i.e. it is uncontrolled. The second one
allows us to perform the research within a wide range of
wind speeds, both stationary and stochastically variable.

Therefore, two models are used in the simulation - the
model of the electromechanical part of the wind turbine and
the model of the wind flow which is the main input
parameter.

The issue of modelling the wind flow and the
electromechanics of the wind turbine has attracted

significant attention, as evidenced by a significant number
of publications [8-11]. In particular, in the work [12] a
simplified model of a wind turbine operating in low winds is
considered. In the article [13] in the Matlab/Simulink, the
computer model of a wind turbine for research of its control
system is developed. It is characteristic that the incoming
wind flow is formed in the form of flutter-driven perturbation.
A similar problem in the Matlab/Simulink is solved in the
article [14], where the wind flow model is presented in the
form of a submodule, the development of which was
presented in [15].

Wind Flow Model

To generalize empirical dependences and convenience
of their processing by methods of probability theory, the set
of experimental values of wind flow @ within the full range
of velocities from 0 to V,, is approximated by a similar
analytical dependence @(V) (usually by a two-parameter
function of the Weibull distribution) [16—18]:

o w5 -]

where: k is the curve shape parameter; ¢ is the scale
parameter close to the average velocity.

However, based on statistical estimation of wind flow
velocity using the laws of its distribution, it is not possible to
carry out a dynamic estimation of wind flow velocity, and
accordingly the dynamics of wind power turbines.

Therefore, the need arises to construct mathematical
models of wind flow dynamics, which are usually based on
two main methods — concerning time [8] and concerning
spectral characteristics [10, 19-22]. In addition, there are
models of wind flow, which are formed taking into account
such meteorological conditions as ambient temperature,
humidity, atmospheric pressure, etc. [9, 23-26].

The value of the wind velocity in its simulation can either
be applied as constants or as given within certain dynamic
ranges of change. This allows the simulation of wind
turbines in static and dynamic modes. The wind velocity can
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be written as the sum of the average and variable wind
velocities [24].

We took an approach based on the spectral method as
a methodical basis for the development of the mathematical
model of a wind flow. Applying the spectral method of wind
flow modelling, in which the spectral density of wind power
Yw =f(S) in the entire frequency range depends on the
degree of wind turbulence [27].

We have adapted the mathematical model implemented
in [27] in the Mathcad for use in the LabVIEW software
package. The front panel and block diagram of the
computer model of wind flow implemented in the LabVIEW
are given in figures 1 and 2.
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Fig. 1. Front panel of the computer model of wind flow implemented
in the LabVIEW
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Fig. 2. Block diagram of the computer model of wind flow
implemented in the LabVIEW
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Fig. 3. Block diagram of the Mount Dynamic submodule (Sub VI).vi
of the computer model of wind flow
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Fig. 4. Block diagram of the Hour Dynamic submodule (Sub VI).vi
of the computer model of wind flow
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This model includes the submodules of additional
dynamic components that reflect the daily change (Fig. 3)
and seasonal change (Fig. 4) in the average wind velocity.

The dynamics of changes in the average wind velocity in
the daily and seasonal cycles are shown in Figures 5 and 6.

Wind Power Turbine Model
The dynamics of changes in the average wind velocity in
the daily and seasonal cycles are shown in Figures 5 and 6.

@

Fig. 5. Front panel of the computer model of wind flow in the mode
of switching on the Hour Dynamic submodule (Sub VI)

Fig. 6. Front panel of the computer model of wind flow in the mode
of switching on the submodule Mount Dynamic (Sub VI)

An autonomous low-power wind turbine is a complex
electromechanical system. It consists of a wind turbine,
which receives the energy of the translational wind flow and
converts it into a rotating motion of the main shaft of the
turbine, which is connected directly or through the
transmitting device to the generator. Usually, to agree on
the kinematic characteristics of the wind turbine and the
generator, a multiplier is used, the expediency of installation
of which is determined based on functional and cost
analyses [28-30].

To ensure the high efficiency of wind energy application
by the wind turbine and the stability of its operation, it is
necessary to ensure the consistency of the input energy of
the wind flow with the extraction of energy produced by the
wind turbine. First of all, it is necessary to provide a mode of
energy extraction from the wind turbine, in which the
operating point on the wind turbine characteristic would be
to the right of the maximum value of wind energy
consumption at a certain distance due to the wind flow and
load dynamics.

The agreement on the parameters of the individual
structural elements of the wind power turbine can be
performed based on modelling its operation in the entire
range of changes in the influencing factors.

The issue of modelling wind power turbines, in
particular, the development of computer simulation models
allowing carrying out the simulation research of complex
systems attracts considerable attention. The development
of computer models allows carrying out the development of
control systems for operating modes of wind power turbines
[15, 16].

The structure of the developed model of wind power
turbine includes the following subsystems: input parameters
of wind flow; determining the current value of the wind
turbine torque; determining the current value of the angular
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velocity of the wind turbine; modelling of parameters of the
electric generator; determination of the current power of the
wind turbine; parameters of the multiplier; modelling the
characteristics of the wind turbine (Fig. 7).

7

O

Fig. 7. Block diagram of autonomous wind power turbine: 1 — wind
turbine; 2 — braking subsystem; 3 — subsystem of wind turbine
orientation on wind and its output out of the wind; 4 — multiplier; 5 —
electric generator; 6 — rectifier; 7 — battery charge controller; 8 —
rechargeable battery; 9 — inverter; 10 — electricity consumers

The developed model allows carrying out modelling of
operating modes of wind power turbine, and also to carry
out archiving of the generated databases.

Visualization of the current values of the researched
parameters is provided by virtual devices (oscilloscopes,
digital displays, controllers), which are mounted on the
virtual front panel (Fig. 8).

The load at the output of the generator was changed
manually by changing the load resistance using a virtual
device (Pointer Slide). The rhythm of the research was
given using a virtual device (Wait Until Next ms Multiple).

The theoretical basis of the developed model of the wind
rotor subsystem of a wind power turbine is the equation of
the moment it develops by receiving the wind flow [18]:

= (Rayv= (Rag2p-y2
(2) M= fro am fro Amr*p e T dr
The solution to this equation is the expression
2
2 1_r_0 l_r_()
3) M=tele 1-2 2y IR R R3ﬂ[V(t)]
Zl+e| R 30z, 2

where ¢ is the airflow inhibition coefficient (e = v,/); v, is the
velocity caused by the action of the torque of the wind
turbine blades, m/s; v(¢) is the wind velocity, m/s; Z is the
modularity of the wind turbine (Z = wR/); r, is the radius of
the beginning of the working area of the blade, m; r is the
wind turbine radius, m; x is a parameter corresponding to
the inverse of the blade quality ratio (x = C,/C,); C. and C, is
the resistance of the blade in its plane and the lifting force,
respectively; z, is the modularity corresponding to a certain
radius of the wind turbine bracket; p is the air density, kgm'3.
The theoretical basis for modelling the generator of wind
power turbine is the following system of equations

(di(e)/dt = 1/Lo (€1 - 0(2) = (Ro + Ri(®) - (1))

@ MO =c1
U=C-w(t)+ Ry +Ri(6) )
\e=k-de

where i(z) is the momentary value of the current in the
armature circuit of the generator, A; dt is the increase in
time, s; Ry and R;(z) are active resistances of the armature
winding and load, respectively, Q; w is the angular velocity
of the generator armature, rad/s; L, is the total inductance of
the electric circuit, H; C, and C, are the structure constants
of the generator; ¢ is the final value of the integration time, s.
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Fig. 8. Fragment of the front panel of the computer model of the wind power turbine

The subsystem of the wind turbine dynamics is
modelled by the following equation:

do
(5) JZ=M-M,

where J is the moment of inertia of the wind turbine and the
rotational mass of the transmission transmitted to the main
shaft, kgm?; M is the moment developing the wind rotor
transmitted to the main shaft, Nm; M. is the moment of
resistance on the generator shaft (electromagnetic moment)
transmitted to the main shaft and the moments of friction
resistance, Nm.

The basis of the subsystem for the formation of the
characteristics of the wind turbine was the empirical
equation for approximating the curve of the coefficient of
consumption of wind energy from the velocity turbine by a
polynomial of power 4 in the form:
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(6)[1 C=0.0029z" — 0.05452° + 0.30812% — 0.5045z +
0.2488

The block of diagrams of the computer model of the
wind power turbine is given in Figure 9.

Summary

The computer model of wind flow adapted for LabVIEW
software has been improved with the introduction of daily
and seasonal non-uniformity of its change, which brings it
as close as possible to the real wind flow.

The developed computer model of wind electric turbines
allows carrying out the research of its dynamics by the
stochastic change of wind speed.

The use of switches of the wind flow formation modes
allows us to study the behaviour of the wind power turbine
in statics and dynamics.

The long-term study of the developed computer model
of wind flow may provide for its improvement using
correcting the elements based on comparison with the data
of meteorological measurements of wind speed.

The developed computer model of wind power turbine
can be considered as a basis for its further improvement by
introduction of additional submodules, for example, a
system of storage of the electric power; the independent,
network or hybrid inverter; PVM and MPPT controllers; a
system of the orientation of the rotor on wind and output out
of it, etc.

Another direction that would allow for a broader
presentation of results (e.g. 3D maps) seems to be
interesting, which would be possible by implementing a
dedicated graphical interface as used in the work [31].
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