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A B S T R A C T 

The increasing penetration of wind energy into power systems has pushed grid operators to set new 
requirements for this kind of generating plants in order to keep acceptable and reliable operation of the 
system. In addition to the low voltage ride through capability, wind farms are required to participate in 
voltage support, stability enhancement and power quality improvement. This paper presents a solution 
for wind farms with fixed-speed generators based on the use of STATCOM with braking resistor and 
additional series impedances, with an adequate control strategy. The focus is put on guaranteeing the 
grid code compliance when the wind farm faces an extensive series of grid disturbances. 

1. Introduction 

The increasing penetration of wind energy into power systems 
has pushed grid operators to set new requirements for this kind of 
generating plants in order to keep acceptable and reliable operation 
of the system [1—5], One of the most relevant grid code require
ments is the Low Voltage Ride Through (LVRT) capability of wind 
generators. In case of a voltage sag in the connection point of the 
farm, typically due to a short-circuit in some point of the network, 
the generators must remain connected instead of tripping. The grid 
codes define the characteristics of the voltage sag to be withstood, 
in terms of duration, depth, and time profile. 

To achieve the optimum efficiency in the conversion from the 
kinetic energy of wind to the mechanical energy in the turbine 
shaft, modern wind generators are able to vary their speed, by 
means of power electronic converters. With an adequate control 
scheme, these converters can be used to provide LVRT capability to 
the generators, what has been the subject of important techno
logical developments in the past years, e.g. [6]. However, modern 
variable speed generators are not the only ones installed in wind 
farms. There are an important amount of fixed speed wind gener
ators still in use that have to be upgraded to the new grid code 
requirements. So, different solutions have been proposed [7—9]. 

Once the technological milestone of LVRT capability of wind 
farms has been surpassed, the current step in grid integration of 
renewable energy is its participation in other ancillary services, as 

voltage support [10], stability enhancement [10,11], and power 
quality improvement [12—14]. Recent grid codes of power systems 
with high wind generation penetration already include require
ments in these related issues. As an example, Fig. 1 shows the 
admissible operating point (shaded area) of a wind farm during 
a grid fault and the subsequent recovery period, as a function of the 
voltage at the connection point, in the case of the Spanish grid code 
[4]. Similar requirements are set by other codes. 

As an alternative to series compensation [6,8], the STATCOM 
[7,12,14], is a common solution for the LVRT problem in wind farms 
with fixed speed generators and, in addition, it can be used for 
complying with new grid codes. The work described in this paper is 
a test-based comprehensive investigation on the behavior of such 
STATCOM when the wind farm faces a voltage sag in the grid it is 
connected to. It is shown that different types of sags impose 
different demands to the STATCOM that the control system has to 
robustly deal with (LVRT capability), while complying with other 
code requirements for grid integration. This paper proposes hard
ware solutions that complement the STATCOM for all the possible 
situations. The work includes the development of an adequate 
control scheme, the description of the necessary equipment, its 
implementation in a test bench with a scaled wind generator, and 
extensive testing of the whole system in an electrical network with 
a voltage sag generator. 

The paper deepens in the work presented in [7], in which three-
phase faults are studied from the point of view of transient stability, 
by dealing with the problem of single-phase and phase-to-phase 
sags. In addition, it takes into account the special restrictions 
imposed by new grid codes on the reactive power regulation of 
wind farms during voltage sags (see Fig. 1), while addressing other 
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Fig. 1. Spanish grid code [4]. Admissible operating point during the fault period and the voltage recovery period, as a function of the voltage at the connection point. 

related problems like the undervoltage disconnection of genera
tors, and the differences associated with nearby or distant faults. 

Thus, the main contribution of the paper can be resumed as the 
use and control of STATCOM for facing voltage sags taking into 
account: the practical issues in actual wind farms with fixed speed 
generators, the active-reactive power management during voltage 
disturbances for complying with new grid codes, and the integral 
interaction with the generators and with the grid. Particularly: it 
addresses the peculiarities of distant and near faults; it studies 
every possible fault type, balanced and unbalanced; and it explores 
and takes into account the coordination with the undervoltage 
protection of generators. 

Section 2 of the paper introduces the different types of voltage 
dips to be withstood by the wind farm. Section 3 describes the 
control system implementing the LVRT and code compliance 
capabilities. Section 4 describes the system developed to test the 
STATCOM behavior, compiles the experimental results and presents 
the analysis for every possible grid fault, balanced and unbalanced, 
distant or near the wind farm. 

2. Voltage sags due to grid faults 

Voltage sags are a relatively common disturbance in power 
systems [15]. The connection of a large load at a given point of an 
electrical network causes a temporary voltage depression that is 
propagated to the nearby buses. These are balanced voltage sags, 
characterized by a slight depth, and, normally, they are not a great 
problem for wind generators. 

Faults in the grid are the other cause of voltage sags. A short-
circuit can be balanced (three-phase) or unbalanced (phase to 
phase or single-phase), with a wide range of depths. This variety of 
situations is the real challenge the wind farms have to face, 
particularly, those equipped with fixed speed generators, their 
additional STATCOM, and the control system, that constitute the 
object of the work described in this paper. 

In addition to the abovementioned types of short circuits, the 
work presented in this paper studies the effect of the depth of the 
voltage sag. Or, in other words, the distance from the bus of the grid 
where the wind farm is connected to the point of the network 
where the fault has taken place. 

2.1. Distant faults 

Apart from those due to the connection of large loads, the 
slightest voltage sags at the terminals of a wind farm are due to 
faults in points of the network far from the point of connection of 
the plant, or with large fault impedance. 

Fig. 2 shows the simplified single-phase equivalent circuit for 
a distant three-phase short-circuit (letter symbol u stands for 
voltage, i for current, and descriptions of all the subscripts used in 
the paper can be found in Table 1). Since the figure is only intended 
to illustrate the general behavior of the main elements involved, 
these are represented in a very simplified form. All the impedances 
are shown with their inductive part. The grid is represented by its 
Thevenin equivalent circuit as seen from the point of fault, split in 
two parts: the contribution of the wind farm (right side of the point 
of fault, including the line reactance Xg2)f and that of the rest of the 
power system (left side of the fault, Ug and Xg\). The plant limits are 
displayed with dotted line, and the only plant elements repre
sented are the transformer (by means of the short-circuit reactance, 
Xtransf) and the STATCOM (as a voltage source, UWf). 

During the voltage sag, in this case, the STATCOM injects reac
tive power so that the voltage rises in the wind farm, what allows 
the wind generators to remain connected (LVRT capability). In 
addition, the injection of reactive power contributes to the voltage 
support of the outer power system, complying with code require
ments (e.g., entering in the shaded area of Fig. 1). 

2.2. Nearby faults 

The deepest voltage sags a wind farm (or any other element of 
a power system) has to face are those due to faults, with small fault 

Fig. 2. Distant grid fault. 
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Fig. 3. Nearby grid fault. 

impedance, in points of the network close to the point of connec
tion of the farm. The limit situation would be a zero-impedance 
fault in the point of coupling. 

Fig. 3 shows the simplified single-phase equivalent circuit for 
a three-phase short-circuit at the grid side terminals of the trans
former of the wind plant. Compared with Fig. 2, Xg2 is zero, Xg\ 
becomes Xgf and the series impedance between the STATCOM and 
the point of fault is very small (the short-circuit impedance of the 
transformer, Xtransf). 

In this case, it is very difficult to restore the voltage in the wind 
farm, because it requires a high current level from the STATCOM. If 
the fault impedance is very small, the required current can be 
higher than the maximum and it turns impossible to maintain the 
voltage. 

This is not very important from the point of view of the power 
system and, in fact, grid codes do not require the voltage restora
tion. However, from the point of view of LVRT capability of the farm, 
if the voltage in the generators is very low, there is risk of generator 
tripping. To restore the voltage level in the farm during voltage sags 
due to nearby faults, one possible solution is the series connection 
of inductors or resistors [16], as shown in Fig. 4 (Xadditionai). They 
remain short-circuited in normal operation, and the switches open 
in case of voltage sag. Thus, the series impedance between the plant 
and the fault is artificially augmented and the STATCOM is able to 
restore the voltage to acceptable levels and to avoid the generators 
tripping. 

3. Control system 
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Fig. 5. DSC: Positive and negative sequence detector for both the grid voltage and the 
wind farm voltage. Nd are the samples in delay,/s is the sampling frequency, and fiis 
the grid frequency. See Table 1 for other subscripts. 

The possible grid faults can be balanced or unbalanced. In the 
case of unbalanced faults [17], the control system needs to calculate 
the values of the positive and negative sequences of the grid voltage 
and grid current [18,19]. In this work, the algorithm used for this 
purpose was the Delayed Signal Cancellation (DSC) [20,21], whose 
block diagram is depicted in Fig. 5. This system calculates the values 
of the positive and negative sequences of the grid voltage expressed 
in the d—q frame. There is no zero sequence because the grid 
neutral is not connected. 

Next, each of the outputs of the DSC was connected to a Vector 
Controller (VC), Fig. 6. Four DSC were programmed, one for each 
sequence (p-n), and one for each axis (d-q). 

The VCs corresponding to the d axis for both sequences regulate 
the reactive power injected by the inverter in the grid, while the 
VCs corresponding to the q axis control the active power delivered. 
To restore, as far as possible, the grid voltage value after the dip, the 
reference value used for the positive sequence regulator is the 
nominal grid voltage. However, in the case of the negative 
sequence, the reference value for its regulator is zero because the 
objective is to eliminate the unbalance. 

Also, it is necessary to measure the active and reactive powers at 
the point of coupling, PWf and Qw/, in order to check the grid code 
compliance for LVRT. These powers, delivered by the wind farm to 
the grid, can be calculated in d-q axis as: 

* wf = Uwf dp' lyvf dp + ^wf qp ' *w/ qp + ^wf dn' h/vf dn + ^wf qn ' h/vf qn 

Grid codes do not impose the restoration of the grid voltage 
within specific limits during the voltage dip. However, they set 
requirements on the reactive power generation to contribute to the 
voltage recovery of the power system. To be more precise, for 
example, according to [4], the current supplied to the grid by the 
wind farm has to comply with a given reactive to total ratio, as 
shown in Fig. 1. The STATCOM can be used to this goal, and, 
simultaneously, to restore, as far as possible, the voltage level inside 
the wind farm. 

, » ÍYY\ 

Ug 

(grid) 

^¿wf — Uyvf dp * lyvf qp + ^wf qp * ^wf dp + ^wf dn * ^wf qn + ^wf qn * ^wf dn 

The synchronization was done by calculating the argument of 
the spatial vector corresponding to the positive sequence of the grid 
voltage, measured in the generator terminals: 

ua = 2mU^uP 
V3 

(ub -Uc)]6 atan-

For this reason, the value of the uWf dp component is always the 
module of the spatial vector and the value of uWfqp is always zero. In 
other words, the direction of the d axis coincides with the spatial 
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Fig. 4. Additional impedance to withstand nearby grid faults. 
Fig. 6. Vector Controller programmed for each positive and negative sequence and for 
each d-q axis. 



WIND 
FARM 

Iwf a 
jwfb 
Iwf c 

U wfap Uwfdqn 

19 
Iwfap i iwwfdqp 

a b c / 

/ot(3 
DSC 

Positive Sequence 
Uwfdp 

IGBT 

Iwf dqn 

Negative Sequence 
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vector of the grid voltage at the generator terminals. Also, in the 
case of a balanced system in steady state or during a three-phase 
fault, the electric powers delivered by the wind farm are: 

'V Uyvf dp * Iwf dp '•> ^¿wf — ^wf dp * ^wf qp 

On the other hand, when a three-phase fault occurs, the 
d component of the grid voltage, uWf dp, reduces its value while the 
values of the rest of sequence components remain null. In this 
situation, the VC corresponding to the d axis of the positive 
sequence reacts by increasing the d axis voltage generated by the 
inverter, UdP, in order to increase the reactive power injected to 
the grid. 

The results of the VCs of each sequence, once they have been 
referred to a fixed reference frame, are combined to generate the 

firing signals for the IGBT using a Space Vector Modulator (SVM) 
algorithm, Fig. 7. 

4. Experimental results 

This section describes the test rig developed in this work to test 
the STATCOM behavior, schematically depicted in Fig. 8, and 
compiles the experimental results obtained for several types of 
faults. These laboratory tests reproduce the more representative 
cases of voltage sags at the connection point of a wind farm due to 
grid faults in the electrical network it is connected to. The study has 
been focused on checking the compliance of the wind farm with the 
grid code, and on investigating the feasibility of the proposed 
solutions. 

Uwf, ¡wf, Pwf, Qwf 

Fig. 8. Layout of the test rig used in the laboratory experiments. 
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Fig. 9. Voltage in the point of coupling, in the compensated (left) and the uncompensated (right) three-phase fault. 

To carry out the laboratory tests, a scaled system with all the 
most important subsystems of a wind farm was built, as shown in 
Fig. 8. It was composed by an induction generator driven by a wind 
turbine emulator, a coupling transformer, an electrical line with 
linear inductances, a voltage sag generator (for distant and nearby 
faults emulation), STATCOM, and a system of short-circuitable 
impedances. 

The turbine emulator consists of a DC motor and an AC/DC 
electronic converter controlled with LabView, similar to [22]. It is 
composed by a 3 kW DC motor driven by a commercial 
microprocessor-based DC converter easily configurable. The 
converter is controlled by means of a PC and an input-output data 
acquisition device. The influence of the emulator on the tests was 
insignificant due to the short duration of the voltage dips compared 
with wind changes. 

The control algorithm of the STATCOM was programmed on the 
Texas Instruments TMS320F28335 Digital Signal Processor (DSP), 
and the sampling and switching frequency was set to 3 kHz, similar 
to that of actual inverters in wind generation. The data captures and 
the control interface in the laboratory tests were carried out using 
the Real Time Data Exchange (RTDX) feature implemented in the 
DSP with Matlab-Simulink, as described in [23]. 

4.1. Three-phase fault distant from the wind farm 

This subsection presents the experimental results obtained with 
the test rig when a three-phase short-circuit occurs in a point of the 

power system far from the connection point of the wind farm. As it 
was mentioned before, in this case, the impedance between the 
fault and the wind farm can be high and, therefore, the restoration 
of the grid voltage is not complicated. In fact, in the performed 
experimental test, the reactive power injected by the STATCOM was 
able to practically restore the grid voltage at the connection point. 
Fig. 9 shows the value of the grid voltage during two subsequent 
three phase faults: the first, without using the STATCOM, for the 
sake of comparison with the second, in which the fault is mitigated 
by the reactive power injected by the STATCOM. 

To comply with the grid code, the wind farm not only has to 
restore the grid voltage to avoid a disconnection, it also has to 
deliver reactive power during the fault. Fig. 10 shows the active and 
reactive power measured in the point of coupling for the 
compensated case. 

Note that, if the line impedance is relatively high, with a limited 
amount of reactive power, the STATCOM achieves the grid voltage 
restoration at the point of coupling. However, the amount of 
reactive power that the STATCOM can inject into the grid is limited, 
so it may be difficult to comply with grid code requirements when 
the line impedance is lower (i.e., when the electrical distance to the 
fault is lower). 

Moreover, if the voltage at the wind generators is almost 
restored, so that their LVRT capability is guaranteed, the wind farm 
injects into the grid the same active power as it did before the fault. 
But, if the voltage at the connection point cannot be fully restored, 
the ratio /reactive/Wai is low and the grid code is violated. To increase 
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Fig. 11. /reactiveAotai ratio vs. voltage at the point of coupling, before and during 
a compensated and an uncompensated three-phase fault. 

the ratio, the proposed solution is the use of a braking resistor in 
the DC bus of the STATCOM, so that it absorbs a part of the active 
power generated, in order to increase the /reactive/Wai ratio [24]. 

By combining the recorded time evolutions of voltage (as in 
Fig. 9) and active and reactive powers (as in Fig. 10), the time can be 
eliminated (as in Fig. 1) and the evolution of the /reactive/Wai ratio 
can be represented as a function of voltage. Fig. 11 shows the so 
obtained operating points, where three different clouds of oper
ating points can be clearly noted, corresponding to the steady state 
previous to the fault, and the regions to which the system moves 
during the voltage sag, depending on whether the sag is compen
sated or not with the STATCOM. The shaded area represents the 
allowed operating points, according to the Spanish grid code [4]. If 
no compensation is carried out, the operation point moves to the 
banned area. But, if the STATCOM tries to compensate the sag, the 
operation point moves to the allowed area. In this case, the 
increasing of the /reactive/Wai ratio was achieved by combining: the 
reactive power injection in the grid, carried out by the electronic 
converter; and the absorption of a part of the generated active 
power by the braking resistor. 

An additional interesting result of the tests can be seen in Fig. 12, 
where the recorded generator speed is shown in the cases in which 
the sag is compensated and uncompensated. If the voltage sag 
compensation is carried out, the wind turbine speed remains 
constant, since all the incoming mechanical power is absorbed, in 
part by the grid and in part by the braking resistor. If there is no 
voltage compensation, the grid cannot absorb all the incoming 
mechanical power during the sag and the generator speed 
increases. Note that the speed variation in the asynchronous 

generator does not imply a frequency variation in the grid (in fact, 
during the experiment, the frequency was kept constant at 50 Hz). 

42. Three-phase fault near the wind farm 

This Subsection presents the most relevant aspects of the wind 
farm behavior when it faces a deep voltage sag due to a three-phase 
short-circuit in a point of the external network close to the plant. 
This case represents, for example, a short-circuit in terminals of the 
wind farm or in its vicinity. As mentioned before, in this case, the 
series impedance between the fault and the wind farm is low, or 
even zero in the worst case. This makes impossible the restoration 
of the grid voltage. 

In Subsection 4.1, the STATCOM was able to supply the contri
bution of the wind farm to the fault current, so that the level of the 
internal current coming from the generators is similar to the pre-
fault level, and the voltage sag is practically compensated at the 
point of coupling. However, in the case described in this Subsection 
4.2, due to the low line impedance (in combination with a low fault 
impedance), the fault current level is some times higher than the 
converter maximum current. Fig. 13 shows the waveforms of the 
fault and the STATCOM currents recorded in a test with a short-
circuit in the terminals of the laboratory wind farm. 

The experimental test reproduces the worst situation, since 
there is no impedance between the fault point and connection 
point of the plant. The transformer short-circuit impedance is the 
only impedance between the fault point and the STATCOM. As 
a consequence, the voltage at the point of coupling cannot be 
restored, as it can be seen in the recorded waveforms of Fig. 14. 

As stated before, when the voltage dip is detected, the control 
system reacts. It tries to compensate the sag and, also, to comply 

n (rev1) 

1600 

1400 

1200-

1000 

800 

600 

400 

200 

0 

Uncompensated 

voltage sag: 
, At=1.6s , 

Compensated 

10 t(s) 
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Fig. 15. Active and reactive powers measured in the point of coupling during the voltage sag. 

with the code reactive requirements. The STATCOM delivers reac
tive power and absorbs active power by means of the braking 
resistors. Fig. 15 shows the recorded active and reactive power 
supplied by the wind farm to the electric network before, during 
and after the voltage sag. Before the fault, the wind farm was 
operating with unity power factor. And, during the fault, it quickly 
changes to almost exclusively deliver reactive power to the grid. 

Fig. 16 shows how the cloud of operation points during the 
three-phase fault remains within the allowed area, although the 
grid voltage has not been fully restored. Fig. 16 also includes the 
evolution of the operating point in the case of an uncompensated 
voltage sag, for the sake of comparison. 

The results displayed in Fig. 16 may lead to the erroneous 
conclusion that the operation of the wind plant is adequate. On the 
contrary, as the voltage could not be restored in the connection 
point, or in the wind farm, the generators can trip. I.e., they can lose 
their LVRT capability, due to the undervoltage or the overcurrent. As 
stated in Section 2, a feasible solution to improve the restoration of 
the voltage within the wind farm limits is the connection of addi
tional impedances in series with the grid connection (see Figs. 4 and 
8). Fig. 17 shows the partially restored grid voltage at the point of 
coupling, upcc, and the voltage within the wind farm, uw/, depending 
on whether additional impedances are used (b) or not (a). 

When additional impedances are not used during the fault 
compensation (a), the voltage at the PCC and the wind farm are 
almost equal. In contrast, when additional impedances are 

connected during the fault (b), the static switches are opened, 
although the grid voltage hardly changes, the remaining voltage 
inside the wind farm increases. With an adequate selection of the 
impedance value, this increase can be high enough to avoid the 
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Fig. 16. /reactive/Jtotai ratio vs. voltage in the point of coupling during an uncompensated 
and a compensated three-phase fault. 
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Fig. 17. Voltage level at the point of coupling, uPCc, and whithin the wind farm, uwf. without the use of additional impedances (a), and with them (b). 

disconnection of generators. Determining the most appropriate 
value of the impedance, and its inductive or resistive character, 
requires an analysis with numerous factors, including: the electrical 
topology of the wind farm; the characteristics of the disturbance 
that has to be withstood, defined by the grid code; the electro
mechanical properties of the generators; economic considerations; 
the voltage-time and current-time characteristics of protections; 
and the coordination with the stabilization strategies [16]. 

It is important to note that, although the grid voltage is not fully 
restored, the wind farm fully complies with the grid code: on the one 
hand, its generators do not trip and, on the other hand, the reactive 
requirements are met, as it can be seen in Fig. 18. Moreover, from the 
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point of view of the power system, the important thing is the effect 
of the code compliance, not the compliance itself. In Fig. 18, this 
effect can be clearly appreciated by comparing the cloud of oper
ating points when the voltage sag is compensated and when it is not. 

4.3. Phase to phase grounded fault distant from the wind farm 

In the case of unbalanced faults (phase to phase or single-
phase), the grid code requirements are slightly different. For 
example, the Spanish grid code [4] does not allow the absorption of 
active or reactive power by the wind farm during the fault time or 
in the period following the subsequent clearing. 

Several tests were carried out with the laboratory test rig to 
investigate the behavior of the wind plant when facing a phase to 
phase short-circuit. Fig. 19 shows the resulting wind farm voltage, 
uw/, expressed in terms of the positive and negative sequences in 
the d-q frame. In the first voltage sag shown in the figure, no 
compensation was performed, representing the natural behavior of 
the wind plant without STATCOM. In the second voltage sag shown, 
the same fault was provoked, but with the STATCOM compensation 
enabled. Fig. 20 plots the corresponding measured active and 
reactive powers, showing the code compliance. Note the 100 Hz 
oscillation (two times the fundamental frequency) during the sag, 
due to the unbalanced situation. 

4.4. Phase to phase grounded fault near the wind farm 

A similar short-circuit is tested in this Subsection, with the only 
difference of a very low impedance between the fault and the wind 
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farm. Fig. 21 shows, the resulting wind farm voltage, uw/, in the d-q 
frame. During the first voltage sag (left), no compensation is per
formed. During the second (right), the STATCOM compensation is 
carried out with the use of additional impedances. As it can be seen, 
the use of these impedances improves the wind farm voltage 
restoration. As in the balanced case, an adequate impedance value, 
or an electronic converter with higher rated current, would 
improve the restoration of the unbalanced voltage within the 
wind farm. 

To show the effect of the additional impedances, Fig. 22 plots the 
active and reactive power flows between the wind farm and the 
grid, measured in the point of coupling. During the left sag, no 
additional impedances were connected, whereas, during the right 
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sag, they were. In both cases, the adequate control over the STAT
COM guarantees that there is no active or reactive power absorp
tion by the wind farm. 

4.5. Single-phase fault distant from wind farm 

In case of a single-phase short-circuit in a distant point of the 
power system, similar results can be reported. Fig. 23 shows the 
symmetrical components of uw/ during the voltage sag, without 
(left) and with STATCOM compensation (right). The corresponding 
active and reactive powers, measured in the point of coupling, are 
plotted in Fig. 24. In the pre-fault steady state, the wind farm 
operates with unity power factor. When the compensation is 
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Fig. 22. Active and reactive power measured in the line, without and with the use of additional impedances during the phase to phase fault. 
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Fig. 23. Symmetrical components of uw/ expressed in d-q frame during the single-phase fault. 
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Fig. 24. Active and reactive power, measured in the line during the single-phase fault. 

disabled (on the left) the grid code is not met due to the absorption 
of active power during the fault period. On the contrary, when the 
STATCOM compensation is enabled, no active power is absorbed, 
thus complying with the grid code. 

4.6. Single-phase fault near the wind farm 

Finally, this subsection presents the natural behavior of the wind 
farm when facing a voltage sag due to a single-phase short-circuit in 
a point of the grid close to the plant. This behavior is shown on the 

left part of Fig. 25 for the symmetrical components of uw¡. The 
natural response is compared with the behavior of the wind farm, 
represented on the right part of the figure, when the STATCOM 
compensation is enabled, along with the use of additional imped
ances to deal with the fault proximity. It can be seen how the 
negative sequence is mitigated and the positive is partially restored. 

As in Figs. 24 and 26 compares the power flows during the dip 
when the STATCOM compensation is performed without the use of 
additional impedances (left) and with them (right). The compliance 
with the grid code is only met in the second case. 
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Fig. 25. Symmetrical components of uw/ expressed in d-q frame. 
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Fig. 26. Active and reactive power, measured in the line, with and without additional impedances. 

5. Conclusions 

The use of STATCOM is a valid solution for grid code compliance 
of wind farms with fixed speed generators. This paper has shown 
how the most exigent requirements can be met with some addi
tional equipment and an adequate control strategy. In addition, the 
exhaustive analysis presented for every possible grid fault, 
balanced and unbalanced, distant or near the wind farm, can be 
a helpful guide when testing other possible solutions. 
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