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ABSTRACT

Wind is random and intermittent. With the increasing proportion of wind power in
power system, large-scale wind power will aggravate the imbalance of the active
power output in power systems and influence power quality. This study analyzed
the natural wind characteristics and broke down the active wind power fluctuation,
combined with wind power generation plan. A control method of the active power
fluctuation was presented based on energy storage technology. Storage technology
and PWM converter technology were applied flexibly, according to the technical
rule for comnecting wind farm to power system which can bi-directionally
adjustthe active wind power fluctuation rapidly and accurately and at the same time
eliminates the influence of the fluctuation outside the range of active power. The
experimental results verify the correctness of the control strategy. It is an effective
solution for regulating and controlling wind power fluctuation which can not only
improve the quality of active wind power but also save the capacity of the storage
system.
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INTRODUCTION

Wind is a green, clean, renewable energy, will be used
more widely in the world (Diaz-Gonzalez et al, 2012;
Luickx et af., 2009). The uncertainty and the intermittent of
wind power will impact to power grid, result in bad
quality of electric energy and unstability of the power system
(Aagner et al., 2012; Hadjipaschalis et al., 2009; Zhang et al.,
2010).

The random fluctuation of wind speed lead to the
inaccurate forecast of wind power. The active wind power
fluctuation can be defined as the difference between the wind
power prediction and the actual wind power value, it’s
reasonable but fluctuate greatly (Li ef af., 2010). In order to
obtain the natural wind energy, wind power generators usually
work in the maximum power capture mode (Barker and de
Mello, 2000). So in the wind power generation process, the
power system have to absorb the active wind power
fluctuation.
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In order to reduce or even eliminate the influence of large
scale wind power accessing to the grid, many researchscholars
provide solutions from different angles. Such as, from the
point of wind power prediction, strengthening the accuracy
and credibility, building the platform of wind power energy
for the active power generation; from the point of power grid
dispatching, adjusting the active power of conventional
generator, rationally coordinating the hot standby machine,
reducing the effects caused by the intermittency and
uncertainty of wind power (Ibrahim et al, 2008,
Teleke et al., 2010); from the point of wind farm, in the
maximum power capture mode, adding the auxiliary power
control system reducing the impact. The auxiliary power
control system bases on energy storage technology. The
reference (Muyeen et al., 2009) controls the wind power
fluctuation by ideal battery system, requesting high recycling
rate, deal with high fluctuation. The reference
{Domachovski and Dzida, 2002) regulates the target value by
weighted index method, solve the problem of unbalanced
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Fig. 5: Control strategy of the wind power fluctuation
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Fig. 6: Simple model of RC series circuit

voltage of the capacitor 1s controlled by the AC/DC inverter,
so the wind power flow between the super capacitor and the
grid. In the active wind power control strategy, the default
control value of passive power is zero. In this case, the super
capacitor canbe controlled by buck/boost converter toregulate
the charge and discharge power. With the two part’s
coordination, can make the active wind power fluctuation
regulate according to the control instruction.

The control strategy of super capacitor energy storage
system: The super capacitor’s energy density and power
density is increasing, it makes the application of the energy
storage technology be possible in power system. In order to
simplify the analysis, this study adopts a series of RC model
for super capacitor, as shown in Fig. 6. In the model, C is the
ideal super capacitor, Ry, is the equivalent series resistance.
In the process of charpge and discharge, the R, not only
reflects the heat loss within the super capacitor but also
reflects when the super capacitor discharge to the load
with the change of the current, the voltage of the R, is
different, so the R..; 1s binding on the maximum discharging
current.

The transfer function is obtain from the small signal model
of the energy storage system shown in Fig. 4, for charge and
discharge mode. U, represents the voltage of capacitor
simplified and U, represents the voltage of inverter; C,
represents the value of the super capacitor and C, represent the
capacitor in the inverter DC side; U, represents the voltage of
the super capacitor and U, represents the DC voltage of the
inverter; U ,, represents the imitial value of the super capacitor;
R, represents the internal resistance of the super capacitor and
R,, represents the internal resistance of the inverter, I,
represents the initial current value of the inductance, D
represents of the duty ratio of PWM.

When the energy storage system release power:

Uy = U, U = U,
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Fig. 7: Current closed-loop control block diagram of DC-
DC Buck/Boost converter

the transfer function Gid of control variable D to the inductor
current I; as followed:

B (Clels + 1)[UC20 (CZR52 s+1)+ ILO R52 (1-D)]
- M (s) (1)

Gig

When the energy storage system absorb power:
Up=Ue. U =1,

the transfer function Gid of control variable D to the inductor
current I, as followed:

(GR s+ D[Uc (CoR, s+D+ I R, (1-D)]
G[d = Cl 1 CZEI 21'\’1 (ZS) LEI 2 (2)

M(s) =LOCR, Ry 8 + (LCR, + LCyR, )8 +[L+

€

CiC3R, (1-DY’+ CC,R, s+ Ry + R, (1-Dy

In hidirectional power control, the transfer function of
controlled variable D to I, is the same, Some control system is
used to make power double-flow. The control system take the
current single ring structure, using PI controller. As shown in
Fig. 7, CR represents current controller, the PWM controller
transfers the control variable to pulse sequence. The averaged
switch model 1s approximately linear, so it can simplify the
PWM control to proportional component, the proportional
coefficient 1s Ky,

Using DC-DC Buck/Boost converter to control the power
of the super capacitor, mainly embodied in the control of the
inductance current.In a scheduling period, when the active
wind power fluctuation 1s out of range, the converter absorb
the extra power AP, by control the inductance current. At this
time, the super capacitor i1s charging; Conversely, the
converter release the power AP,, the super capacitor is
discharging at this time. The specific method is monitor the
voltage of the super capacitor U_,,. The objective control value
of the inductance current is:

Lopjesine=NPa Uy

objective
When the DC/DC buck/boost converter is in working state, it
needs to make the U, in normal range, to make sure the super
capacitor to have the ability to provide the difference of active
wind power fluctuation, to make sure the wind farm in

working state or dormancy state; If there is abnormal situation,
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Fig. 8: Experiment structure of active power control

timely removal of network and reports to the dispatching
department, ensure the normal operation of the grid and the
safety use of the super capacitor.

Physics experimental structure: The physical experiment
model is divided into three parts, as shown in Fig. 8. A: wind
power generator(generate power fluctuation), B: AC bus, C:
control system for power fluctuation including super capacitor,
DC/DC converter and inverter.

Parameters as follow: wind power generator: rated voltage
380 V, rated power: 5 kW; the isolation transformer 5 KVA,
380v/35 v; inverter: inductance on AC side 3.5 mH, capacitor
on DC side: 470 pF, DC/DC converter: inductance on DC
side, the rated voltage of the super capacitor is 33 V
(normal voltage from 20-80%).

RESULTS AND DISCUSSION

Experimental results: The voltage of inverter DC side 1s
stabilized at 170 V as shown in Fig. 9. It ensures that the real
time power of the energy storage system accurately transfer to
AC bus.

Simulating reciprocating wind power fluctuations in the
experiment as shown in Fig. 10. When the wind power
fluctuation power is too high, active power regulating system
absorbs active power, when the wind power fluctuation power
istoo low, active power regulating system releases the vacant
active power.

The current
function 1s:

control uses PI controller, its transfer

G (s) = Kp+Ki/s, Kp = 0.01, Ki = 0.03

The response time 1s 20 msec in the simulation,
conversely, the control strategy on changing the pitch angle of
the blade is in second class, sometimes it can’t make sure the
power fluctuation can be accepted by the grid. Therefore, the
controller designed by this study can realize fast regulation of
wind power.

When the active wind power fluctuate, the energy storage
system works. The power transfer to the AC bus 1s shown in
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Fig. 9: DC-side voltage curve of the PWM inverter
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Fig. 10: Simulative curve of the active wind power fluctuation
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Fig. 11: Regulated curve
AC-bus

of active power injected to

Fig. 12: A-phase voltage and current injected to AC-bus {rom
the high-voltage side of the step-up transformer
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