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Abstract

This paper proposes a ramping coordinated control strategy
which considers the temporal and spatial difference of wind
farm group and the AGC ability of wind farms. According to
certain grouping principles, wind farms in wind farm group
are divided into several joint power generation units, to which
the dispatching centre distributes its scheduling plan, while
wind farms in each joint power generation unit coordinate to
split the dispatching plan. In order to improve the control
ability of wind farms, a new kind of wind generation
automatic generation control strategy is proposed in which
response speed is promoted. Simulation results show that the
proposed strategy can improve the output characteristics of
wind power.

1 Introduction

Wind ramping, the event that wind power changes in short
time and large scale, can cause great impact to the power
system safety and stability, as well as power balance ™29,
The wind ramping can be dealt with by the regulation of
conventional units which will increase the operation cost of
conventional cost and reduce the efficiency of power system.
In order to reduce the pressure of conventional unit and the
harm of the wind ramping, research on the coordination
control among wind farms is urgent to develop.

As wind farm group has a wide distribution area, wind farms
in this group have great output differences in time and space
dimension. The complementary output of wind farms has laid
a good foundation for the coordination control among wind
farms ®1. The wide area also reduces the wind power forecast
error, makes the system scheduling plan more reasonable and
easier to be completed.

Advanced doubly fed induction generator (DFIG) and
permanent magnet synchronous generator (PMSG) have
quick regulation below the maximum power and better
control performance to track the reference instruction, which
technically increase the possibility for wind farm to
participate in automatic generation control (AGC) B412,
Currently the main control methods of wind farms are output
limitation control, smooth control, ramping rate control and
automatic generation control 2°*3311 Jiuquan wind power
base in northwest China mainly adopts the output limitation

control #5*€ in which the wind farms hold their output power
below the output limitation scheduled by the dispatching
center. Through this method, wind farms can be involved into
system dispatching. However, wind farms with good potential
cannot be fully used to cope with wind ramping and this
method limits the output power of wind farms that have better
wind speed condition and control performance.

Considering the temporal and spatial difference of wind farm
group output and the AGC ability of wind farms, a ramping
coordinated control strategy is proposed. According to certain
grouping principles, wind farms in the group are divided into
several joint power generation units, to which the dispatching
center distributes its scheduling plan, while wind farms in
each joint power generation unit coordinate to split the
dispatching plan. In order to improve the control ability of
wind farms, a new kind of wind generation automatic
generation control strategy is proposed in which response
speed is promoted. This method can improve the output
characteristics of wind power and develop the control
potential of wind farms which have better control
performance.

2 Ramping coordinated control strategy

In order to improve the output power characteristics of wind
ramping, the ramping coordinated control strategy is
presented. Considering the temporal and spatial difference of
wind farm group output, wind farms are divided into different
joint power generation unit to be given a more reasonable
scheduling plan. Considering the control ability of advanced
wind turbines and the characteristics of wind ramping, a new
kind of automatic generation control strategy is proposed.
Through joint power generation unit and automatic generation
control strategy, the coordination between different wind
farms is realized.

2.1 Ramping coordinated control method

The dispatch centre formulates scheduling plan for the joint
wind power generation unit according to wind prediction and
the load of power system!”. The joint wind power generation
unit gets the output regulation of wind farms according to the
scheduling plan and real-time output power, and at the same
time formulates the maximum ramping rate according to the
requirement of power system®. Wind farms respond to
output regulation immediately based on wind speed and send
regulation error to joint power generation unit. Figure 1
shows the flowchart of coordinated control.
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Figure 1: Flowchart of coordinated control

In the process of control, in order to avoid excessively low
output of wind farms, leading too much tripping and reducing
self-regulation speed, the minimum technical output is set up,
below which wind farms can refuse to regulate!”).

2.2 Joint power generation unit

Wind farms grouping has several schemes, the main three are
as follows.

Scheme 1. Wind farms that aggregated into one bus station
formed as a joint wind power generation unit, shown as
Figure 2.

L

)
&

\

-
=/

@)

{ | J

N

N
-/

p )
L

-

Figure 2: Wind farms that aggregated into one bus station

This kind of grouping is simple, easy to dispatch the
scheduling orders, convenient for power system to check the
information such as the limits of power delivery and consider
the system operating status.

Scheme 2. Wind farms that have lower output correlation
formed as a joint wind power generation unit, shown as
Figure 3.
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Figure 3: Wind farms that have lower output correlation

This kind of grouping analyses the past output characteristics
of wind farms in a unit according to historical data, chooses

the wind farms which have lower output correlation,
improves the output complementarity, so as to improve the
completion of the scheduling orders.

Scheme 3. Wind farms that have the same state classification
formed as a joint wind power generation unit, shown as
Figure 4.
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Figure 4: Wind farms that have the same state classification

This kind of grouping divides wind farms through unit state
classification. Wind farms in the same state have similar
control performance and output characteristics, competition
between which can be more fairness.

In the proposed ramping coordination control strategy,
scheme 1 and scheme 3 are combined to get a composite
grouping, because that unit classification is based on the
developing direction of meteorological conditions, leading to
higher probability of that wind farms aggregated into one bus
station also have the same state classification. Through unit
state classification, wind farms that have similar control
performance and output characteristics are divided into one
group, then, in this group, wind farms aggregated into one bus
station can be selected, which fully develops the advantage of
both scheme 1 and scheme 3.

3 Wind generation automatic

control strategy

generation

In order to improve the control ability of wind farms, a new
kind of wind generation automatic generation control strategy
is proposed in which response speed is promoted. Different
coordinated control method is presented according to wind
speed, in which wind speed is divided into two type——Ilow
wind speed and high wind speed based on rated wind speed.
In low wind speed, optimal output of wind turbine is
estimated first and execution wind turbine of wind farms is
chosen based on optimal output and current output.

In high wind speed, wind turbine control method presented is
different from traditional control method based on variable-
pitch control. Variable-speed control is introduced in high
wind speed in order to improve the response speed. Execution
wind turbines are chosen on the basis of the relationship of
current rotation speed and upper or lower rotation speed

The followings are given the detailed wind generation
automatic generation control strategy.



The wind turbines output power P, consists of two parts: the
mechanical energy Ppecn captured directly from wind energy
and the kinetic energy P,q,r from the variation of rotor.

R = Brech + ARotor 1
The wind farm’s regulation is calculated from the following
equation:

AP; = iAP, (2)

where AP; is the regulation of wind turbine i.
In the strategy, the control aims are to reduce the number of
execution wind turbine in order to reduce the control price.
The control objective is shown as equation (3):

min N ?3)
In low wind speed, when the wind farms intend to increase its
output power, the regulation of wind turbine i is calculated by
the following equation.

AR = Biech (wopt ,0)+ ARior (a)opt - wo) — Precn (a’o ) :BO) (4)
where wqy is the optimal rotor speed; wy is the initial rotor
speed; By is the initial pitch angle.

When the wind farms intend to decrease its output power, the
regulation of wind turbine i is calculated by the following
equation.

AI:)I = Pmech (wmax ! O) +API’0IOI’ (wmax _a)O) - Pmech (%’O) (5)
where wnmay IS the upper rotor speed.
In high wind speed, the optimal rotor speed is larger than the
upper rotor speed, and wind turbine operates around upper
rotor speed (point C), as shown in Figure 5. In this situation,
the variable-speed control cannot come into role and the
output of wind turbine can be regulated only by variable-pitch
control which decreases the response speed of wind turbine.
In order to improve the response speed, a new control method
in high wind speed in presented. The operation point is
moved from point C to point D, in order to give the wind
turbine the up and down regulation space. Through this
strategy response speed is promoted in high wind speed.
Based the control method presented in high wind speed, the
followings give the way to determine the regulation of wind
speed.
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Figure 5: Variable-speed control scheme in high wind speed

When the wind farms intend to increase its output power, the
regulation of wind turbine i is calculated by the following
equation.

AR =min {Pmech (@max s Bo) + AProtor (Omax — @)
- F)mech (a’o , ﬂo)v I:>max - I:)mech (600 ) ﬂO)}

When the wind farms intend to decrease its output power, the
regulation of wind turbine i is calculated by the following
equation.

AI:)i = I:)mech (wmin 1180) + AProtor (wmin - 0)0) - Pmech (wo ' :BO) (7)

4 Simulation

The simulation contains three wind farms. Each wind farm
has an installed capacity of 198MW. The initial output power
of wind farms is 170MW and in the end it reaches around
20MW. The technical output power of wind farms is 10MW
and the forecast error of wind generation is 10%.

The maximum power point (MPP) and forecast power of each
wind farm and joint power generation unit is shown in Figure
6 and Figure 7 separately. According to wind forecast power
and the operation states of power grid, dispatching centre
makes scheduling plan of joint power generation unit. The
joint power generation unit calculates the total power
regulation and basic regulation and sends them to wind farms.
The three wind farms respond to power regulation actively as
shown in Figure 8. At the beginning of wind ramping, every
wind farm has a certain reservation and can increase its output
power as quickly as possible which makes the output of joint
power generation unit in accordance with scheduling plan. At
the time point of 100 second, the output power of wind farm 1
falls rapidly and largely which makes the joint power
generation unit new power regulation, but the wind farm 2
and wind farm 3 still have reservation and they coordinate
with each other to regulate their output immediately. Through
coordination, it guarantees that the output of joint power
generation slightly differs from the scheduling plan as shown
in Figure 9.
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Figure 6: MPP and forecast power of wind farms
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Figure 7: MPP and forecast power of joint power generation
unit
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Figure 8: MPP and real output power of wind farms with
control
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Figure 9: Scheduling plan and real output power of joint
power generation unit with control

5 Conclusion

This paper proposes a ramping coordinated control strategy.
According to certain grouping principles, wind farms in wind
farm group are divided into several joint power generation
units, to which the dispatching centre distributes its
scheduling plan, while wind farms in each joint power
generation unit coordinate to split the dispatching plan. In
order to improve the control ability of wind farms, a new kind
of wind generation automatic generation control strategy is
proposed in which response speed is promoted. The simulation
results shows that the proposed coordinated control strategy
can well improve the characteristics of wind generation and
make the wind farms respond to dispatching plan from power
grid actively. Wind generation automatic generation control
strategy promotes the response speed of wind farm to
guarantee the wind farm to respond to scheduling plan.
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