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Abstract. Modeling of wind power plant is the basis for studying the influences that wind power has
on electric power system. Based on the characteristics of wind power generation, this paper
summarizes some common modeling methods, and puts forward the research prospects of wind
power modeling.

1. Introduction

In recent years, with the deterioration of global environment and the shortage of energy, wind
power generation, as the representative of new energy, has developed rapidly. It has also been widely
concerned by scholars all over the world. It is foreseeable that the proportion of new energy power
generation will gradually increase in the future so we must understand the impact when it is connected
to the power grid. Due to the greater volatility and uncertainty, wind power generation is so different
from the general thermal power plant and gas power plant. Only after we establish a new scientific
mathematical model and have a comprehensive grasp of its operating mechanism, a reasonable
scheduling is possible. Also, it will help us eliminate the harmonic pollution on the grid and improve
the efficiency of the entire power system at the same time. In view of this problem, scholars have
carried out a lot of research work and put forward a lot of relevant theoretical models. These models
have their own advantages, disadvantages and the scope of use. To a certain extent, they have all been
demonstrated by the practice. This paper mainly focus on the research of mainstream wind turbine
and wind farm model. Finally, we have also put forward the future development of wind power.

Wind power generation can be divided into two types: off-grid and on-grid. Off-grid wind power
generation is small and mainly used to solve the problem of electricity shortage in remote rural areas;
on-grid wind power generation is the main way to use wind resources and under the compensation
and support of the large-scale power system, it can make wind energy resources to be more fully
developed. Also, it is the major research direction of wind power all over the world so in this paper
we will mainly discuss it.

2.  Wind speed modeling

The power of turbine is from wind energy, and wind speed is the major factor that affects wind
power output. The wind speed model is independent from the wind turbine so it must be studied in
order to make the characteristics of wind turbulence more accurately. Generally speaking, the existing
theories are as follows: four-component model of wind, probability model, fuzzy model and interval
model.

2.1 The four-component model of wind

After a lot of research and analysis, it is generally accepted that the natural wind consists of four
components, namely, the basic wind, gust, gradient wind and random wind. They are explained as
follows:

The basic wind: the stable component of wind which can maintain the same level of speed. Wind
power station can record the changes of wind speed and draw it from the mathematical expectations
of the Weibull distribution.

Va:AxF(1+%) (1)
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Where A is the scale parameter of the Weibull distribution, K is the shape parameter, and the
algebraicTl’ (1 + %) is the Gamma function.

Gust: This component describe the characteristic that wind speed may suddenly change. It is
expressed as follows:

( 0 (t < tgs)
Vy = G %ﬁ:tq” (tgs <t <t;) )
\ G(t—t,,) (t >t;,)

Where G, t,, and t,, represent the maximum wind speed, the start time and the end time of the
gust, respectively.

Gradient wind: This component is to reflect the steady changes of wind energy. It represent the
process that wind speed changes gradually with the passage of time. Gradient wind can be used to
indicate that wind speed can change with the time gradient.

( 0 (t < tyss t> tjs + At)
v, = % (trs <t < tj) 3)
\ C (t;s <t <tj5 +At)

Where t,, tjs, At represent the start time, the end time, and the duration of the gradient wind,
respectively. C is the maximum wind speed value obtained by the gradient wind.
(1) Random wind: Usually it can be expressed as the noise of wind. The expression is:

Vg =230, /Sy(w)Aw cos(w; + ¢;) “4)
In this expression
|{ w; = (l - %) Aw
{Sv(wi) — M (5)

In the above two formulas, w; is frequency of each frequency segment, ¢, is a random variable in
the range of 0~2m, Ky is the surface roughness coefficient, F is the random wind variation range, p
Is the average wind speed at the relative height. N is the number of sample points collected.
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Fig.1 Four Different Component of wind
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Based on the four wind speed components proposed above, the equation for simulating the actual

wind speed is as follows:
V=1,+V,+V.+V, (6)

2.2 Other models of wind speed

There are three other models to describe the uncertainty of wind speed: probability model, fuzzy
model and interval model. The probability models of wind speed include Weibull distribution,
Rayleigh distribution, Inverse Gaussian distribution and LogNormal distribution. Among them, the
two-parameter Weibull distribution is one of the most widely used distributions. The two parameters
(scale parameters and shape parameters) of the distribution can be calculated by analyzing the
historical wind speed data. Common methods include maximum likelihood estimation, mean and
variance estimation, least squares and so on. The fuzzy model of wind speed is based on the fuzzy
mathematics theory, and the triangular fuzzy number and trapezoidal fuzzy number are used to
describe the uncertainty of wind speed. It is mainly applicable to the case where the wind speed does
not have statistical properties. The interval model of wind speed is based on the interval number
theory, and using the interval number to characterize the uncertainty of wind speed is mainly used in
situations where the wind speed prediction result is not accurate but accurate within a certain range.

3. Mathematical model of wind turbine

3.1 Wind turbine and shaft model

The energy transfer process of the wind turbine can be described as follows: the wind works to
produce a pneumatic torque on the wind wheel to drive the shaft system. The shaft system then
transmits the torque to the generator. In this process, the generator generates the reaction torque and
acts on the wind wheel. Finally, the wind wheel speed reaches a balance value and complete the
conversion of wind energy to mechanical energy.

Because of the complex mechanism of pneumatic, mechanical and other aspects, it is very difficult
to obtain the accurate model of the wind turbine. Therefore, building a simplified wind turbine model
to meet the research needs is the main method of wind turbine modeling.

Some scholars built the horizontal axis wind turbine aerodynamic performance model based on
the slice theory. This model takes into account the influence of wind shear, yaw, structure parameters
and installation parameters of the wind turbine. Also, we use the loss of the blade, the loss of the hub,
the cascade theory and the failure of the momentum theory in the stall condition to amend this model.
Another theory is to use the equivalent mass method to establish the equivalent model of wind
turbine’s three mass block which consider both the bending flexibility of the wind turbine and the
drive shaft twist flexibility between the generator and the turbine. This model can be used for transient
stability analysis; In addition, by using universal dynamic wake theory for wind turbine aerodynamics
calculation and analysis, we can take into account the influence that structural deformation of wind
turbine has on pneumatic performance and transmission performance. Using MATLAB/Simulink to
carry out coupling analysis of vibration performance can also help set up corresponding models. Some
scholars also pointed out that the input and output data of the experimental system can be used to
build the multi-in and out stochastic model of the horizontal axis wind turbine system. By analyzing
and testing it, we can find out the advantages and disadvantages in the design of the wind turbine
control system.
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Fig.1 A Wind Turbine Simulation System

3.2 Generator model

At present, there are three types of wind turbine: constant speed wind turbine, doubly fed variable
speed wind turbine and permanent magnet direct drive wind turbine. It involves different power
generation control technologies such as constant speed constant frequency, variable speed constant
frequency and variable speed frequency conversion. Universities such as the University of Aalborg
in Denmark, the Danish Technical University, the University of Manchester, the Swedish Chalmers
Technical University, and the University of Duisburg have conducted in-depth studies on wind
turbine models. In addition, some countries have already developed a number of commercial power
system analysis software, such as the PSCAD/EMTDC electromagnetic transient simulation program
developed by the Manitoba High Voltage DC Research Center in Canada, the power system
simulation program PSS/E developed by Siemens PTI Corporation and the PSLF power system
analysis procedures developed by the United States General Motors.

4. Wind farm model

The wind farm model is usually used in the planning scheduling and optimization control of wind
power system. It mainly describes the relationship between the output power of the wind farm and
the wind speed. Due to the large number of wind turbines in the wind farm and the position effect of
every unit, it’s very difficult to establish an accurate wind farm model.

In general, the focus of various studies is the overall output characteristics of wind farms.
Therefore, at present, the study of the output power of wind farms is largely simplified and the overall
characteristics of wind farms are neglected. The existing research methods include: equivalent
expansion of the output of different types of wind farm units; equivalent treatment of wind speed, and
then calculate the output of the entire wind power.

5. Discussion on the research direction of wind power modeling

At present, the study of wind turbine characteristics and wind power modeling mostly aims at
different kind of orphan problems so we haven’t establish the essential link yet. Considering the
reality that wind turbine itself is a more complex nonlinear system and contains a variety of variables
and different time constant, it’s a multi-time scale model system. So | believe that the modeling of
wind power system should be able to reflect the impact of the following dynamic process.
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5.1 The electromagnetic transient model determined by the dynamic process time constant of
the converter

Most modern large-capacity wind turbines have introduced flexible power electronic devices to
improve the running performance, but the anti-interference ability of the power electronic devices is
weak, and the wind turbines are mostly operated with constant power factor control. So when the grid
voltage drops seriously, the turbine doesn’t have the ability to withstand low voltage. In fact, when
the grid voltage drops seriously (such as the occurrence of short circuit), in order to maximize the
protection of turbine safety, the protection action will make the wind turbine off grid immediately.
When the grid is large scale wind farm, this will intensify the degree of disturbance. To this end, in
the study of this type of problem, we should pay more attention on that.

5.2 Electromechanical transient model determined by the time constant of energy conversion
process

The fluid nature of the air determines the continuity of the wind speed, and the continuous change
of the wind speed causes the wind power fluctuation to be continuous. When the wind speed is too
large, it will lead the entire wind farm power shedding, which will cause a significant power impact
to the power system. Especially, when the wind power is concentrated on a large-scale regional power
system that use thermal power unit to adjust the frequency, the sudden changes of wind power may
make the whole system exceed the response capacity. This is likely to cause the system frequency
fluctuations and will even threaten the operation safe of the system.

We should consider the conversion process between the mechanical energy and electricity when
we try to find how wind power will influence the grid. The wind power model should be able to
reflect the electromechanical transient process under a certain time scale.

5.3 Steady model of long-term dynamic process of wind energy fluctuation

The output of wind power has strong random and large fluctuations so it’s difficult to predict
accurately. In order to study the influence of wind power on peak regulation and even grid planning,
the model should be able to describe the fluctuation characteristics of the output power for a long
time, such as the fluctuation range of wind power, fluctuation changes and other statistical indicators.
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