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Abstract. Wind power generation is one of the most mature and most developed conditions for power
generation in new energy generation technology.Large capacity and long distance offshore wind power is
the trend of future wind power development.Wind power generation is one of the most mature and
commercialized power generation methods in the field of renewable energy utilization.Due to the rich
characteristics of offshore wind resources and the urgent need for offshore wind power development
projects all over the world, the transmission and interconnection of large-scale offshore wind farms has
become a hot topic in the development and research of wind power.This paper focuses on the analysis of the
reactive power compensation methods for offshore wind farms, and provides a reference for the
construction of offshore wind farms.

1 Introduction
With the rapid development of the global economy, the
demand for energy is increasing.The fossil energy is
drying up, and the global environmental pollution is
becoming more and more serious.The search for new
renewable and clean energy has become the most
important issue in twenty-first Century.Wind energy, as a
clean renewable energy, has received worldwide
attention in recent years, especially in the field of wind
power generation[1].Various countries have stepped up a
variety of policies to promote the development of the
wind power industry.Wind farms can be divided into two
types of land and sea.The development of the world's
offshore wind power is mainly concentrated in
Europe.The sea wind power has been developed in
Europe for more than 20 years.In recent years, the basic
development of land wind power resources in Europe,
especially in Britain, Denmark, Germany and other
countries has been completed.The development of
marine wind power has been put on the agenda again, as
the demand for reducing greenhouse gases and increasing
the proportion of renewable energy.It is noteworthy that
the European Union formulated the goal of renewable
energy to account for 20% of the total demand and
energy in 2020, and put forward the goal of offshore
wind power installed capacity of 40 thousand MW by
2020[2].With the rapid development of coastal wind
power resources in China, the offshore wind power
industry has made substantial progress.The total installed
capacity of offshore wind power in China is expected to

reach 15 million kW in 2015, and it is expected to reach
30 million kW in 2020, which is equivalent to the total
installed capacity of wind power in the country.

2 Modeling of offshore wind power system
2.1 Wind power generation system
According to the classification of wind power generation
system, the constant speed and constant frequency refers
to keep the generator's speed unchanged during the
process of wind power generation, thus obtaining a
constant frequency [3].
It is generally used to use the wind energy coefficient
Cp to show the efficiency of the wind turbine converting
wind energy into mechanical energy.It is the function β
of the tip speed ratio λ and the pitch angle of the blade
paddle
It is known from the wind energy utilization factor of
a typical wind turbine that when the pitch angle is fixed,
the β wind energy utilization coefficient CP can only
reach the maximum value CPmax .
Under the change of wind speed, Cp obviously
cannot be kept at the best value, which leads to low
utilization of wind energy.
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Figure 1. Typical wind turbine Cp−λ curve
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2.2 The composition of the offshore wind power
system

Figure 3.Block diagram of each modeling module of sea
wind power system

At present, the offshore wind farms have been built up
and are being built in the world.
The composition of the marine wind power system
can be obtained
As shown in the following figure:

The large size and complex structure of the large
wind turbine bring difficulties to the research work of the
wind
power
generation
system.Through
the
establishment of the mathematical model of the wind
turbine, it is an effective method to make use of
computer simulation to study the wind turbine.In general,
the modeling method of mechanism modeling is used to
model the large variable speed variable propeller wind
turbine system.
First, the sub model of each component of the wind
turbine is obtained by the mechanism analysis method,
and then the mathematical model of the whole unit is
synthesized.

Figure 2. A schematic diagram of the composition of the
offshore wind power system

3 The Sea Wind Model

From the above diagram, we can see that the main
components of offshore wind power system are as
follows: wind power stand-alone system, offshore power
station, distance transmission and shore power plant.
The various components of the offshore wind power
system are very important.
No matter which problems occur, the system can not
operate normally or even destroy the stability of the
power grid.
The prototype of offshore wind turbines is adapted
from land based wind turbines. In addition to the great
changes in the usage environment of wind turbines, the
electrical principles of wind power generation are the
same.
The modeling of the offshore wind power system can
be referred to the land wind power system.The
composition of the offshore wind power system includes
the wind power generation single machine system, the
power collection system, the sea boost station, the
submarine cable and the upland boost station.
According to the composition module of the offshore
wind power system, the energy transfer relationship of
the wind power generation is combined.
The following schematic diagrams are used to
represent the modules that need to be modeled:

Wind energy is a kind of energy with low energy density
and poor stability[4].
In the process of wind movement, there are both
kinetic energy changes and potential energy changes.The
continuous change of wind speed is random in a certain
time and space.According to the total and long term
statistical results, the change of wind speed still has a
certain distribution law.In order to simulate the variation
of wind speed over time on the wind wheel, it is very
important to establish a reliable wind speed model [5].
1）Basic wind
The basic wind exists in the normal operation of the
wind turbine.It determines the input power rating of the
wind turbine to the system, which basically reflects the
change of wind power average wind speed.It can be
approximately determined by the Weibull distribution
parameters obtained from wind power plant wind power
measurement.
 1
V = A 1 + 
 K

（1）
In the formula：V is the basic wind speed s；A is the
scale parameter of Weibull distribution；K is the shape
parameter of Weibull distribution; Г (*) is a gamma
function.
For the basic wind speed model, it is not necessary to
consider the distribution of the actual wind speed in the
laboratory simulation. Only considering the average wind
speed acting on the wind turbine, the basic wind model
specifies a specific mean wind speed.
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2)Gust of wind
In the process of wind speed change, the
characteristic of sudden change of wind speed is
described, which is usually expressed in gust.A gust of
wind component VWG can be superimposed on the basic
wind.

4 Wind turbine model
For a variable speed constant frequency wind power
generation system, the mechanical energy absorbed by
the wind turbine is directly converted into electrical
energy or temporarily transformed into the kinetic energy
of the blade.It is stored in a wind turbine in the form of
kinetic energy and then converted to power[6].The
utilization factor of wind energy utilization directly
reflects the utilization ratio of wind power system to
wind energy.How to maintain the highest utilization
coefficient of wind energy in the changing wind speed is
one of the targets of the control of the variable speed
wind power generation system[7].The wind is acting on
the blade of the wind wheel at a certain speed and angle
of attack, so that the blade rotates with a rotating
moment.The wind energy is converted into a mechanical
distance that acts on the hub and drives the generator
directly or through the transmission mechanism.
According to the air characteristics of the fan blade, the
utilization coefficient of wind energy is a function of the
blade tip speed ratio and the pitch angle.That is:
Cp=Cp(λ,β)
（10）
The utilization efficiency of the wind power
generation system can be represented by the wind energy
utilization coefficient Cp of the wind turbine.The
coefficient of utilization of wind energy is the ratio of the
mechanical energy absorbed by the wind turbine to all
the wind energy that is rotated through the wind turbine.
The kinetic energy contained in the air of a rotating
surface of a wind turbine is:
1

P = AVw3 = D 2Vw3
2
8
（11）
The mechanical energy that the wind turbines capture
from the wind is part of the kinetic energy of the air.
The mechanical output power of the wind turbine is
as follows:
1

Pr = AVw3 C p = D 2Vw3 C p ( ,  )
2
8
（12）
In the formula:ρis the density of air;A represents the
swept area of the wind wheel.
D represents the diameter of the wind wheel;VW is air
velocity;Cp is the coefficient of wind energy
utilization;For a fan, the wind energy absorbed depends
on the wind energy utilization coefficient Cp and the
wind speed VW.

0, t  T1G

VWG = Vcos , T1G  t  T1G + TG
0, t  T + T
1G
G


（2）
Vcos =

 t − T1G
max G
[1 − cos 2 
2
 TG


]



（3）
VWG is gust wind speed;TG is a cycle;T1G is the
starting time of gust.maxG is the Maximum gust
3）The gradient wind
The gradient characteristics of the wind speed can be
simulated with the gradual wind, and a gradient wind
component VWR,it can be superimposed on the basic
wind:
VWR

0, t  T1G

Vramp , T1R  t  T2 R
=
max R, T2 R  t  T2 R + TR
0, t  T + T
2R
R


Vramp

（4）

t − T2 R
= max R[1 −
]
T1R − T2 R

（5）
In the formula:VWR is gradient wind speed;maxR is
the maximum value;T1R is the starting time;
T2R is the terminating time;TR is the holding time
4）Random noise wind speed
In order to reflect the randomness of wind speed
change, the wind speed simulation can be used to
represent the wind velocity components of random noise.
A random wind volume VWN can be superimposed on the
basic wind
VWN = 2

N

[SV (w i )]1/ 2 cos(wi t + i )
i =1

（6）
 1
w i =  i −  • w
 2

SV (w i ) =

（7）
2



2 K N F wi

 2 1 + (Fwi / u )2



4

3

（8）
In the formula:φi represents a random variable of
uniform distribution.
KN is the surface roughness coefficient;F represents
the range of disturbance;u is a relatively high average
wind speed;N can take a value of 50;U is the average
velocity of the relative height.
Four kinds of wind speed components are combined
to simulate the wind speed of the actual effect on the
wind turbine:
VW = VWB + VWG + VWR + VWN

5 Analysis of simulation results
PSCAD simulation diagram of the scheduling algorithm
for each equivalent fan:

（9）
VW represents the wind speed on the wind turbine
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From the above analysis, the output voltage and
current phase of the fan are equal, and the output reactive
power of the equivalent Multimachine System is zero.
The output active power and reactive power of a
single chain Multimachine System satisfy the system's
performance with maximum active power output.
When the system is running in this state, the diagrams
of the power flow voltage, current and power of the main
branches are shown below. (taking branch 3 and branch 4
as examples, the other branches are similar).
Figure 4. PSCAD simulation diagram of the equivalent fan
scheduling algorithm

Figure 7.The electrical quantity waveform of the 3 and 4
ends of the equivalent multi machine single chain system

Figure 5. Main circuit diagram of PSCAD simulation for
offshore wind power system

From Figure 7, we can see:The power and reactive
power loss (including positive and negative) will be
involved in the transmission of active and reactive power
when the system passes through the system.From the
above drawings, it can be seen that the range of the
voltage is within the range of 1.0-1.05, all of which meet
the requirements of the grid standard.

The relationship between the output voltage, current,
and power of a single chain winder equivalent system is
shown as follows:

6 summary
New energy generation has become a hot spot of research.
The technology of wind power generation is becoming
more and more mature, and the development of
large-scale offshore wind power is of certain significance.
It can be used as a distributed power supply for
residential area. In this paper, a mathematical model for
the development of offshore wind power is established
and the wind speed is modeled.It has a certain theoretical
guiding significance for the development of offshore
wind power.
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