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Abstract: Transient stability improvement with electrical braking and reactive compensation has been
proposed and analyzed in this paper. For this purpose model for a wind farm has been considered
including aerodynamical, mechanical and electrical features of the system. The stability of the system
has been examined by carrying out some simulations using DIgSILENT software under different
levels of compensation also delay time of circuit breakers operation following the gird fault
conditions. Computer simulation results show that the combination of braking resistors and reactive
compensation can significantly improve the stability of wind turbines. A comparison has been
accomplished between the application of speed and voltage signals process in order to select one of
them which is more applicable for processing of switching operation as well.
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INTRODUCTION

Keeping wind farms stable has a high degree of importance in power networks during disturbances also
voltage sags. According to regulations authorized in some countries, wind farms are permitted to be connected
to the grid provided being stable in case of disturbances also voltage sags. The stability of such power stations
is significantly vulnerable against voltage dynamic oscillations in case of short circuit faults and serious voltage
sags caused by induction generators following the essential necessity to reactive power as well as magnetizing
current. Wind turbines stability is important as far as repetitious grid connection and disconnection of the
turbines due to instability could diminish power quality in addition to the unit’s life. It also could disturb the
balance between generation and demand especially in small local or isolated grids. Some accomplished studies
confirm the higher sensitivity also instability of these turbines compared to conventional power stations, though
it increases the system damping during disturbances (A.R. Katancevi¢, 2003; Chen Yu; 2011).

Several methods have been proposed and analyzed to improve the stability of wind farms. In some efforts,
decreasing the mechanical power by changing the blades angle has been proposed and studied (V. Akhmatov,
2003; Erlich, 1., 2009; K. rajambal, 2005; Causebrook, A., 2007). This method limits to be applied just for
turbines whose blades angles are changeable. This method is not efficient enough due to slow mechanical
response (K. rajambal, 2005). In some others such as (V. Akhmatov, 2003; Erlich, I., 2009; Camm, E., 2008)
and (A. Arulampalam, 2006) respectively the application of SVC and STATCOM have been studied. Using
SVC, improves the stability through decreasing dynamic voltage oscillations; however, a great amount of
reactive power is needed (V. Akhmatov, 2003). One of the most effective methods is to increase the resistance
of rotor through fixing an external resistor in its circuit. The relevant resistance is normally bypassed via a
circuit breaker and comes into operation immediately when a failure occurs. Although its applications limits to
wired rotor generators. In ref (W. Freitas, 2004) the usage of braking resistors for improving a grid-connected
induction generator has been analyzed.

In this paper using of braking resistor for a wind farm included some induction generators is studied. In this
regard it is required to take into account the whole electrical elements of the grid, turbines also the mechanical
mode oscillation due to shaft nonrigidity. Based on such accurate modeling, studies indicate how switching
speed and the amount of reactive power compensated by capacitor banks can be important from viewpoints of
generators behavior in case of using of braking resistor. Finally the using of both speed and voltage signals for
time processing has been analyzed and compared.

The Grid Under Study:
To implement the studies, a grid has been considered as shown in Fig.1. This wind farm includes ten 660
kW fixed wing turbines altogether reach to 6.6 MW. Each turbine is connected to grid via a 0.69/20 kV
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transformer. Capacitor banks compensate 70% required reactive power. The rest required reactive power is
provided form the grid. Modeling has been implemented in DIgSILENT software. In order to take into account
both generator and grid transients during the simulations, the EMT mode of the software has been applied. The
specifications and parameters of the grid elements considered during the simulations have been brought in
appendix.
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Fig. 1: Single diagram of the grid under study.

Modeling of the Turbine:
To model the turbines, a fixed three blades type with horizontal shaft has been considered. The output
power of the turbine could be obtained form the equation below.

1
Ruing = EcppﬂR2V ’

Where the V,R, p and C, introduce the wind speed, the density of atmosphere and aerodynamic efficient

coefficient. The coefficient C, related to three blades turbines can be calculated considering the equations
below; (Guizhen Tian., 2010).
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Where the @ and [ respectively introduce the speed of rotating angle and the angles of blades which has

been considered zero in this work because of their fixed angles. The equations above wholly have been applied
in shape of a block in DSL area of the software.

Modeling of the Shaft and Gearbox:

For the purpose a two-mass model has been applied (Li, H., 2006).

In the model, the complex of turbine and gearbox has been considered as one of them and the relevant
accessories as another one. According to Fig (2) the equations could be obtained as follow:
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Fig. 2: Mechanical model of the wind turbine shatft.

Where then indicates the gear ratio of modeled gearbox. The quantities in the side of low speed shaft
(turbine shaft) have been transferred to the high speed side of the shaft (generator shaft) as marked with”. All
the equations included those related to both shaft and gearbox has been collected into a block diagram as shown

in Fig. 3.
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Fig. 3: Block diagram of the complex model of shaft and gearbox.

Generator Modeling:
To model the generator, It has been used a model of induction generator existing in DIgSILENT as shown

in Fig (4). The model includes the transients of both rotor and stator circuits. The parameters of the generator
have been brought in appendix.
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Fig. 4: Equivalent circuit of an induction generator.

Modeling of the Grid and Related Components:

For the grid and relevant components such as transmission lines, transformers, loads and capacitor banks,
the existing models in the software have been applied. The pertinent parameters have been brought in the
appendix.

The Wind Power Station Without Braking Resistor:

At the first step, the behavior of power station has been analyzed without using the braking resistor. The
generators are at their rated power capacity, a three phase short circuit occurs at t= 0.5 s which last 400 ms. As
shown in Fig.5, due to the fault the system goes to be unstable and generators speed up instantly.

It is thanks to the lack of voltage recovery caused by the grid weakness in addition to a high amount of
reactive power demanded by the wind farm after fault clearing.
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Fig. 5: Instable behavior of the generator in unit 1 during the fault.

The Wind Power Station With Braking Resistor:

To preserve the generators in a stable condition, a braking resistor connected via a main circuit breaker to
the main bus immediately after the fault occurs. At the same time the wind farm gets separated from the grid so
that the generators accelerating are prevented through power losing in the braking resistor. Immediately after
clearing the fault, the procedure is done reversely accordingly the braking resistor is separated from the grid and
the wind farm connected again. The lost power in the Resistor is equal to the rated power of the wind farm. A
delay time 20 ms has been considered for circuit breaker to operate. Fig.6 and Fig.7 indicates the variations
related to voltage, speed, active power and the current of one of the generators.

According to Fig (6), during the wind farm is separated form the grid due to the shortage of reactive power,
active power and current of the generator is lower than its rated amount. These differences have caused some
transients in current and output power while reclosing as shown in Fig (7).

The behavior of the generator voltage for both compensation levels of 100% and 130% has been analyzed
as shown in Fig (8). According to Fig (8), at compensation level of 130%, the voltage increases gradually while
in 100% it almost has remained constant.

Levels of Compensation:
The Influence of the Beaker Interruption Speed:

The simulation results for 40 ms and 60 ms have been indicated in Fig (9). According to the Fig (9) the
faster circuit breaker operates the less transients and oscillation system has.
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Fig. 6: The preserving of the generator stability using braking resistor in state of braking time at t=20 ms and
compensation level of 70%.
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Fig. 7: Variation of the reactive power and current of the generator in state of using braking resistor for
braking time at t=20 ms and compensation level of 70%.
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Fig. 8: The graphs of voltage and current of the generator for two.

Assuming a breaker with immediate operation at level of 100% of compensation, a simulation has been
implemented as shown in Fig. 10.

1605



Aust. J. Basic & Appl. Sci., 5(11): 1601-1608, 2011

0.0 1.0 2.0 s] 3.0
—— G1: Voltage (pu) - Breaker Operation Time 40 ms
------- G1: Voltage (pu) - Breaker Operation Time 60 ms

oo 1.0 20 [s] 30
—— G1: Generator Speed (pu) - Breaker Operation Time 40 ms
------- G1: Generator Speed (pu) - Breaker Operation Time 60 ms

Fig. 9: The Graphs of voltage and current of the generator for t=40 ms and t= 60 ms.
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Fig. 10: variations of the voltage speed of the generator assuming the breaker operates immediately in state of
compensation level of 100%.

Using the Speed Signal to Command the Breaker:

Here is a analysis about if it would be possible to apply the signal of speed instead of voltage for reclosing
commands processing. This issue has been analyzed in (Arulampalam, A., et al., 2006) and stated that both
methods are the same from viewpoint of efficiency, however because of simplicity, using of voltage signal has
been preferred. In this paper, using of signal speed is not recommended for two reasons. The first returns to
rotor inertia which cause some time it takes the speed of generator reaches to the least amount set for
commanding to close. The other is that it may take a long time the speed reaches to initial point or may not
reach at all accordingly causes some problems commanding the main circuit breaker to close.

Here when the speed passes from 1.03 pu, relevant breaker is commanded to open and when the speed
decrease to 1.05 pu, breaker is commanded to close. 20 ms time delay in operation at compensation level of
70% has been considered. According to Fig.11 it is obvious that due to the much delay in open command causes
much oscillation in generator speed leads to instability.

Conclusion:

In this paper the feasibility of using braking resistor in wind farms has been studied via modeling a whole
wind farm. Some points arose from the study stated in three general inferences as follows:

1. Using braking resistors in wind farms is more complicate also difficult comparing to conventional power
stations. More problems in wind farms as mentioned before chiefly originate from the presence of induction
generators in the plants and their essential necessity to reactive power.

2.  While the wind farm is separated from the grid to preserve the stability; both factors of breaker operation
duration and the level of compensation affect significantly the behavior of wind farm. While the units are
connected again to the grid, it happens some transients also overcurrents that must be noted. Although such
transients could be prevented via the appropriate compensation level as well as increasing the speed of
switching.

3. To evaluate the time of switching, application of speed signal is not recommended.
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Fig. 11: Voltage and speed of the generator while switching based on speed signal.

Appendix:
Capacitor Bank (70%) : Generator :
250 kVAr P=660 kW
PF=0.91
Transformer 0.69/20 kV : V=690 V
S=800 kVA Rs=0.0064 pu
X=0.04 pu Xs=0.049 pu
Rr=0.006 pu
Transformer 20/132 kV : Xr=0.0589 pu
S=30 MVA Xm=2.88 pu
X=12 pu Jg=29 kgm®
Transmission line : Hg=05s
Turbine :
V=20 kV
Short Lines: R=23.5m
R=0.08 Q «x=0.1 O P =1.225 kg/m’
Long Line: Dt=100 Nms/rad
R=5.4 x=6.9 Q) Jt=22000 kgm’
H=15s
Load : Shaft and Gear box :
Load 1=5 MW, 2 MVAr Dm=1000 Nms/rad
Load 2=30 MW, 10 MVAr Ks=4330000 Nms/rad
n=52.6
Grid:
V=132 kV
Ssc=450 MVA
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