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The Modeling of Wind Speed Based on Matlab
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Abstract: Wind is access to the source of the wind turbine energy, due to the nature of the wind speed, wind direction is changing, it must
be considered all sorts of wind conditions in the running process may appear during build wind turbines model wind turbines, in this way
can the result of the simulation can be reliable and perfect. Wind speed simulation is an important link in all kinds of wind power system
simulation, wind speed model which can reflect the natural wind not only can provide the accurate source to the system ,but on the
analysis of the influence of wind power generation system for grid voltage fluctuation. Wind speed combination model built up by using
Matlab/Simulink, the simulation results show that the model could reflect the real wind speed ideal.
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1. Introduction

Into the 1990s,environment pollution and climate change has
caught people's attention gradually. Wind power ,as a clean
and renewable energy, has benn appreciated by many
governments. With the rapid growth of wind power installed
capacity, its dynamic performance and the impact on the grid
has increasingly become a major topic in the field of the
technology™*..

In wind power simulation system, if the wind speed can reflect
the actual wind conditions really, has a great influence on the
performance of detection for the whole power generation
system™. Therefore, the accurate wind speed model become
an important part of wind power system simulation. Figure 1 is
the basic module diagram of wind turbine, it can be seen that
the wind speed model is the source parameters for wind power
research.
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Figure 1: The basic module of wind turbine

2. The Wind Speed Model

To simulation the actual output characteristics of wind turbine
in the laboratory without wind, the first thing is to establish the
mathematical model of wind speed. In order to describe the
characteristics of randomness and intermittent of wind, the
natural wind speed can be divided into basic wind speed Vwb,
fluctuating wind VVwn, gust Vwg and gradient wind \Vwr4 parts
based on the mathematical model of the combination of wind
speed™®),

Vw =Vub +Vun +ng +Vwr (1)

Each part can be calculated easily, and shows the
characteristics of wind speed in short time , test the
performance of wind power generation system fully,

especially when the change in wind speed Suddenly, the
anti-interference of the whole system!”.

2.1 Basic wind speed

The Basic wind speed in the whole process of operation of
wind turbines, reflects the change of mean wind speed,and
determines the size of rated power of wind turbines to the
system as well.

Vwb =0.1+ O.824N1'505 2)

In this type, Vwb is the average wind speed of n-tier wind
(m/s); N is the series of the wind.

We can get the average wind speed if we have known the wind
series N . And we can get the maximum wind speed of N level
wind, Vwbmax, its formula is

Vubmax = 0.2 +0.824N*® +0.5N *°° 3)
The minimum wind speed of N level wind,Vwbmaxis
Vwbmin = 0.824N 1505 —-0.56 (4)

Generally considered the basic wind speed does not change
with time, thus can take constant, this paper take 8 m/s.

2.2 Fluctuating wind speed

To describe the stochastic characteristics of wind speed and
changes in specified relative height, can use fluctuating wind
to simulate. Fluctuating wind is random changes, when the
atmosphere is relatively stable, can put the fluctuating wind
speed as a stationary random process, with samples at one
point for a long time observation to represent the statistical
properties of fluctuating wind.

Fluctuating wind is the difference between combination of
wind speed and average wind speed, gust of wind and gradient
wind , as a result, the average time is 0.

1 et2
an = —I andt = O
At 1 (5)
Probability density function of fluctuating wind is very close
to the gaussian distribution. So the probability density function
of fluctuating wind can be expressed as.
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O(Van) = 1 exp ~ Van
o217 257

o isaR.M.S of Vwn.

(6)

2.3 Turbulence intensity

The turbulence intensity is used to describe the degree of
changes, reflect the relative strength of a fluctuating wind. The
turbulence intensity ¢ is defined as the ratio of the square root
value of fluctuating wind and the the average wind speed.

\/(uz + Vi + WZ%

Vb ©)

E =

u,VWN, w is the component of fluctuating wind at three
orthogonal directions.

The three directions are defined as, u is the component of
average wind speed at mean direction, also known as vertical
turbulence intensity ¢ u; VWN refers to a vertical component
with u at the horizontal direction; W refers to the upright
direction. In engineering, the vertical turbulence intensity ¢ u
is main.

2.4 Gust of wind

To describe the characteristics of suddenly change of wind
speed, Gust of wind are available, and wind speed with cosine
characteristics within the time, in power system dynamic
stability analysis, especially on the analysis of the influence of
wind power generation system for grid voltage fluctuation, it is
often use to assess the dynamic characteristics in the case of
large wind speed change (characteristics of voltage
fluctuation).

In the design, definit G is gust factor. G refers to the ratio of
gust wind speed and the average wind speed, it is related to the
intensity of the turbulence. The greater of the turbulence
intensity is ,the larger of wind coefficient; the longer of the
gust wind last , the smaller of G.

G(r)=1+o.4zgu|n@

(8)

ng :Vwa (T) (9)

T is the last time of gust wind.
2.5 Gradient wind

The gradient wind is used to describe the gradient change
characteristics of wind speed.

0 t<T1rEJit>T2r+Tr
Vwr: Rmaxt_—-r1I TlrStSTZr
T2r—Tlr
R max Toa<t<Toa+T:
(10)

Rmax is the maximum for gradient wind; T1r is the starting
time; T2r is the over time; Tr is the keep time for gradient
wind.

In conclusion, the mathematical model for wind speed can be
established by(4),(5),(9)and(10).

Vw =Vwb +Vn +ng +Vuwr (11)

2.6 Wind turbines modeling

Wind power system modeling is the basis for wind turbine
system to control and optimization , wind turbine is the most
main components to accept, as well as the most basic and key
components. The turbine simulation model can be established
by following mathematical relationship.

Pi= %pAVw3Cp = %pRSVW3Cp
_2mR_ R

60Vu  Vu

Pt T 2 3 1 pﬂ' 2
Te=— =2 RVWCy—=Cr P2 RY

@ 2 10 2
==

)
T-T,=192

dt
[ 72(4-3)

Co (4, B)=044-001678sin “%=3) | 000184713
RPARTERRHETE |

(12)
Pt output mechanical power for wind turbines, kW; p is air
density, kg/m2. R is radius for the rotor, m; Vw is wind speed,
m/s;Cp is wind energy utilization coefficient; A is tip speed
ratio; wtis the rotor angular velocity omega, rad/s. Tt is wind
turbines mechanical torque, N *« m; CT is the torque
coefficient; Tg for generator load torque, N » m; J is the
equivalent moment of inertia for wind turbines, kg « m2.

3. Modeling and simulation combination of
wind speed and wind turbines by
Matlab/Simulink

Using Simulink to establish the mathematical model to
simulation wind speed™. Figure 2 is the simulation waveform
of mathematical model for the combination of wind speed .
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Figure 2: The combination of wind speed simulation curve

In wind turbines simulation model, the unit is fixed pitch, rotor
radius is R = 27.657 m; Air density o = 1.225 kg/m2. As
shown in figure 3 is output curve which simulate actual wind
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turbine. Given the basic wind speed of 4 m/s, because of
stochastic and the gradient component of the wind speed
model, causing the change of wind speed within 3 ~ 5 m/s,
power output and torque fluctuation.
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Figure 3: actual turbine output curve of wind speed
(Note: from the top, in turn, is power, torque and speed curve)

To observation and analysis facilitately, definite the wind
speed as basic wind which has given, Vw = 10 m/s ,as shown
in figure 4. First make the turbine no-load, do not load the
generator until the rotor speed is stability(t = 1400 s) . When t
= 2000 s, the wind speed from 10 m/s mutated into 15 m/s.
From figure 4 you can see, when the wind speed increases, the
turbine power output and torque increase, due to the load is
constant, turbine output torque back to the original level.
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Figure 4: mutation turbine output curve when no-load. load

and wind velocity
(from the top, in turn, is power, torque and speed curve)

4. Conclusion

To research wind power technology in experimental
conditions which does not have wind environment, only can
we do the theory analysis and computer simulation, which the
more important part can not be achieved. In this paper, through
the Matlab/Simulink to modeling combination of wind speed
of the model, the results describes the regularity and
randomness of wind speed well. The analysis of wind turbines
simulation carried out in accordance with the no-load . load
and wind velocity mutation respectively, get and analysis the
wind power , torque curve and wind turbines output properties
under different wind speed.The results responses the practical
operation of wind turbines of the fixed pitch realistics. It
provides a good foundation for wind power simulation system
in laboratory research.
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