Hindawi
Advances in Condensed Matter Physics
Volume 2017, Article ID 9635219, 12 pages
https://doi.org/10.1155/2017/9635219

Research Article
Development of a Voltage Compensation Type Active
SFCL and Its Application for Transient Performance
Enhancement of a PMSG-Based Wind Turbine System
Lei Chen,1 Hongkun Chen,1 Jun Yang,1 and Huiwen He2
1

School of Electrical Engineering, Wuhan University, Wuhan 430072, China
State Key Laboratory of Power Grid Environmental Protection, China Electric Power Research Institute, Wuhan 430074, China

2

Correspondence should be addressed to Lei Chen; chen lei@whu.edu.cn
Received 7 July 2017; Accepted 10 October 2017; Published 3 December 2017
Academic Editor: Tao Wang
Copyright © 2017 Lei Chen et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Considering the rapid development of high temperature superconducting (HTS) materials, superconducting power applications
have attracted more and more attention in the power industry, particularly for electrical systems including renewable energy. This
paper conducts experimental tests on a voltage compensation type active superconducting fault current limiter (SFCL) prototype
and explores the SFCL’s application in a permanent-magnet synchronous generator- (PMSG-) based wind turbine system. The SFCL
prototype is composed of a three-phase air-core superconducting transformer and a voltage source converter (VSC) integrated
with supercapacitor energy storage. According to the commissioning test and the current-limiting test, the SFCL prototype can
automatically suppress the fault current and offer a highly controlled compensation voltage in series with the 132 V electrical test
system. To expand the application of the active SFCL in a 10 kW class PMSG-based wind turbine system, digital simulations under
different fault cases are performed in MATLAB/Simulink. From the demonstrated simulation results, using the active SFCL can
help to maintain the power balance, mitigate the voltage-current fluctuation, and improve the wind energy efficiency. The active
SFCL can be regarded as a feasible solution to assist the PMSG-based wind turbine system to achieve low-voltage ride-through
(LVRT) operation.

1. Introduction
Considering the rapid development of high temperature superconducting (HTS) materials, superconducting power
applications have attracted more and more attention in
the power industry, particularly for electrical systems with
renewable energy [1–6]. Superconducting fault current limiter (SFCL), superconducting magnetic energy storage
(SMES), superconducting transformer, and superconducting
power cable have obtained lots of successful engineering
projects around the world.
In a sense, SFCL may be conducted as a very major
application of HTS materials to handle the power transient
issues caused by short-circuit faults. When different kinds
of SFCLs are used in traditional electrical systems with
fossil fuel power plants, there are many candidate locations
for installing the SFCLs, such as the large-scale generator

terminal, critical transmission line, and key bus-bar. From the
existing simulation and experimental results of theoretical
models and test prototypes, the expected functions of each
type of SFCL are to suppress the fault current without time
delay, compensate the voltage sag within an acceptable level,
and improve the power system transient stability through the
coordination with relay protection [7–10].
Regarding the application of one or more SFCLs in a
renewable energy generation system, some basic works have
been performed, and a brief literature review is stated as
follows. In [11–16], SFCLs such as resistive type and bridge
type are used to enhance the operational stability of a wind
power plant, and the application feasibility of the SFCLs
can be preliminarily confirmed. In [17–19], theoretical and
simulation studies are performed to explore the performance
of the resistive SFCL used in a microgrid system, which is
composed of multiple distributed renewable energy sources.
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Figure 1: (a) Schematic diagram of the voltage compensation type active SFCL (single-phase connection). (b) Layout diagram of the three
individual single-phase superconducting transformers.

As the microgrid is generally connected to the main network
via the point of common coupling (PCC) for achieving an
economic and reliable power exchange, the SFCL should
be located in the direct path of current flowing from the
distributed sources and the main network [17, 18]. In addition,
employing the resistive SFCL can help to guarantee the
service reliability of the microgrid under fault conditions
[19], and the technological advantages of the renewable
energy sources can be sufficiently highlighted. In [20], the
coordinated control of a modified flux-coupling-type SFCL
and a SMES unit is proposed for the microgrid. From the
demonstrated results, the coordinated control can effectively
assist the microgrid to realize a smooth transfer between its
grid-connected and islanded modes.
In light of the aforementioned research background,
some useful results can be obtained, and more in-depth studies may be done to promote the application of a SFCL in
the renewable energy system from multiple aspects. For wind
power, lots of studies are focused on doubly fed induction
generator- (DFIG-) based wind turbine systems [21, 22].
However, few works are related to the application of a SFCL
in a permanent-magnet synchronous generator- (PMSG-)
based wind turbine system.
In this paper, our research group is devoted to investigating a voltage compensation type active SFCL prototype and
its application for transient performance enhancement of a
PMSG-based wind turbine system. The active SFCL is based
on power electronic equipment, modern control approach,
energy storage technology, and HTS materials. With respect
to the active SFCL’s theoretical modeling, control strategy,
and influence on relay protection as well as power system
transient stability, previous studies can be found in [23–
26]. On the whole, the active SFCL enables offering higher
controllability and flexibility than a common resistive- or
inductive-type SFCL. The resistive SFCL cannot easily adjust
its current-limiting ability once the working resistance is
determined, and the inductive SFCL may not evacuate the
surplus active power during the grid fault; however, the active
SFCL has the potential capabilities of controlling the currentlimiting impedance, smoothing the power fluctuation, and

enhancing the power system stability more comprehensively.
Additionally, it is expected that using the active SFCL in a
PMSG-based wind turbine system can bring more positive
effects, including the improvement of its robustness against
symmetrical and asymmetrical faults, the reinforcement of its
security during an operation of fault ride through, and the
stabilization of its parameter indexes of current, voltage, and
power.
The organization manner of this paper is stated as follows.
Section 2 presents the structural principle of the active SFCL.
Section 3 states the configuration description of the active
SFCL prototype. In Section 4, the experimental tests of the
SFCL prototype are carried out, and the results are analyzed.
Section 5 is devoted to exploring the application of the active
SFCL in a 10 kW PMSG-based wind turbine system. In
Section 6, conclusions are summarized and follow-up works
are prospected.

2. Structure and Principle of the Active SFCL
Figure 1(a) indicates the electrical structure of the voltage
compensation type active SFCL (single-phase connection)
[27]. The active SFCL is mainly composed of three parts,
which are, respectively, the air-core superconducting transformer, the voltage-type pulse-width-modulation (PWM)
converter with an energy storage unit, and the LC filter. The
working philosophy of the active SFCL is to control the
current (𝐼2 ) flowing in the secondary winding of the air-core
transformer by the PWM converter. Based on a mathematical
derivation in [28], the active SFCL’s equivalent impedance
𝑍SFCL can be expressed as
𝑍SFCL = 𝑗𝜔𝐿 𝑠1 −

𝑗𝜔𝑀𝑠 𝐼2̇ (𝑍1 + 𝑗𝜔𝐿 𝑠1 )
.
(𝑈𝑠̇ + 𝑗𝜔𝑀𝑠 𝐼2̇ )

(1)

In normal condition, adjust 𝐼2 to obtain 𝑍SFCL = 0, and
the active SFCL will not affect the main circuit. When a shortcircuit fault occurs, the amplitude value and phase angle of
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Figure 2: Electrical structure of the active SFCL prototype used in a real three-phase power system.
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Figure 3: (a) Physical diagram of the three-phase air-core superconducting transformer. (b) Physical diagram of the Dewar.

the current 𝐼2 will be regulated, and three current-limiting
modes can be basically achieved:
(1) Making 𝐼2 remain the original status, 𝑍SFCL-1
𝑍2 (𝑗𝜔𝐿 𝑠1 )/(𝑍1 + 𝑍2 + 𝑗𝜔𝐿 𝑠1 ).

=

(2) Controlling 𝐼2 = 0, 𝑍SFCL-2 = 𝑗𝜔𝐿 𝑠1 .
(3) Regulating the phase angle of 𝐼2 to make the angle
difference between 𝑈𝑠̇ and 𝑗𝜔𝑀𝑠 𝐼2̇ be 180∘ ; 𝑍SFCL-3 =
𝑐𝑍1 /(1 − 𝑐) + 𝑗𝜔𝐿 𝑠1 /(1 − 𝑐) is obtained, where the
variable 𝑐 is defined by 𝑗𝜔𝑀𝑠 𝐼2̇ = −𝑐𝑈𝑠̇ .
When the active SFCL is applied in a three-phase power
grid, it is crucial to mitigate and even avoid the magnetic
flux disturbances in the three-phase air-core superconducting
transformer [29, 30]. For this reason, three individual singlephase air-core superconducting transformers can be properly
adopted, and Figure 1(b) shows the layout diagram. In a
simplified way, the three transformers are located in the same
horizontal plane, and their locations will form an equilateral
triangle.
When the PMW converter conducts the control operation, a certain energy exchange will be induced between the
main network and the energy storage unit. For the three

modes, the energy storage unit should have a rapid response
ability, and also different energy requirements will be caused.
From [24], the energy exchange for mode 2 is the smallest,
and when mode 3 is used to achieve the best current-limiting
performance, the energy exchange is the highest. Thus, the
capacity design of the energy storage unit should comprehensively consider the three modes.
In theory, the active SFCL has the following technical
merits: (1) high controllability due to the PWM converter, (2)
great applicability for different voltage grades owing to the
adjustment of the transformer, and (3) excellent linearity of
𝑍SFCL thanks to avoiding the magnetic saturation in the aircore.

3. Configuration Description of
the Active SFCL Prototype
Figure 2 indicates the electrical structure of the active SFCL
prototype used in a three-phase power system, and details of
the components are presented as follows.
3.1. Air-Core Superconducting Transformer. Figure 3(a)
shows the physical diagram of the three-phase air-core
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Table 1: Specifications of a single-phase superconducting transformer.
HTS tape parameters

HTS tape
Tape width
Tape thickness
Critical current
Bending stress
Tensile stress

Transformer parameters
BSCCO
4.3 mm
0.3 mm
100 A
<50 mm
>100 Mpa

Structure type
Maximal terminal voltage
Critical current
Primary/secondary inductance
Inner/outer diameter
Coupling factor
Grid
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Figure 4: (a) Control panel based on the digital signal processor (DSP) TMS320LF2407A. (b) Control block diagram of the AC/DC power
converter.

Table 2: Specifications of the AC/DC power converter.
Parameters of the AC/DC power converter
Nominal voltage at AC side
Nominal frequency at AC side
Nominal capacity
Nominal voltage at DC side
DC capacitance
PWM switching frequency

152 V
50 Hz
10 kW
400 V
9400 uF
4.2 kHz

superconducting transformer, whose specifications are denoted in Table 1. Note that the phase-to-phase flux disturbance is avoided, and the coupling factor of the superconducting transformer is about 0.83. Figure 3(b) shows
the Dewar which is used to place the superconducting
transformer and fill the liquid nitrogen. The inner diameter
and height of the Dewar are 500 mm and 530 mm, respectively.
3.2. AC/DC Power Converter. The basic function of the
AC/DC power converter is to control the injected currents
(𝑖2a , 𝑖2b , 𝑖2c ) in the secondary windings of the three-phase
air-core superconducting transformer, and Table 2 shows the
main parameters of the AC/DC power converter.
As the core part of the AC/DC power converter,
Figure 4(a) shows the control panel which is based on the
digital signal processor (DSP) TMS320LF2407 A. By taking

advantage of full digitalization information, the control panel
can efficiently carry out the double-loop control of the
DC voltage (𝑢dc ) and the injected AC currents (𝑖2a , 𝑖2b , 𝑖2c ).
Figure 4(b) shows the control block diagram of the AC/DC
power converter.
3.3. DC Chopper and Supercapacitor Units. For the introduction of the DC chopper circuit, it will serve as a DC to DC
converter whose main function is to create an adjustable DC
voltage from a fixed DC voltage source through the use of
semiconductors. The supercapacitor units will be conducted
as the energy storage equipment which is connected to the
DC chopper circuit. Since the supercapacitor units are used
to act as the DC voltage source and provide the energy
support during the dynamic control process, their overall
capacity should have a sufficient margin to satisfy the three
modes of the active SFCL. Hence, the supercapacitor units
will include 80 individual capacitors with the total storage
capacity of 300 kJ. The specifications of the DC chopper and
the supercapacitor units are indicated in Table 3.

4. Experimental Tests of
the Active SFCL Prototype
As shown in Figure 5, it denotes the physical diagram of the
active SFCL prototype. In order to assess the performance of
the active SFCL prototype, two different kinds of experimental tests have been carried out, and they are the commissioning test and the current-limiting test, respectively.
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Table 3: Specifications of the DC chopper and the supercapacitor units.
Parameters of the DC chopper
Nominal current
50 A
Output inductance
1 mH
Voltage ratio
200 V/400 V
Switching frequency
10 kHz

(1)

Parameters of the supercapacitor units
Capacitance value
Energy storage capacity
Nominal voltage
Internal resistance

15 F
300 kJ
200 V
0.16 Ω

(1) DC/DC chopper and supercapacitor modules
(2) AD/DC converter
(3) Air-core superconducting transformer
(4) Self-pressured liquid nitrogen jar

(2)

(4)
(3)

Figure 5: Physical diagram of the active SFCL prototype.
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Figure 6: Demonstration of the experimental circuit for testing the active SFCL prototype.

4.1. Commissioning Test. Figure 6 shows the demonstration
of the experimental circuit for testing the active SFCL
prototype, and the commissioning works are carried out to
evaluate the dynamic response behaviors of the prototype.
The source voltage is set to 21 V, and the voltage over the
supercapacitor units is charged to 40 V. Taking A phase as
an example, Figures 7–9 show the active SFCL prototype’s
performance behaviors which include (1) starting and ending
characteristics, (2) phase-regulating characteristic, and (3)
transient characteristics under different capacitor voltages.
From Figure 7(a), the active SFCL prototype can start
and put into action once the control of the converter is
activated. Note that the test of the starting characteristic
is to aim at mode 3 of the active SFCL, since mode 1 is
triggered automatically. The active SFCL prototype can be
launched quickly and effectively, and the changes of 𝑢1a , 𝑖2a ,

and 𝑢2a show the details. From Figure 7(b), the active SFCL
prototype can switch to its original operation state and have
little influence on the main system obediently and reliably.
Thus, the end of the current-limiting mode is also highly
controlled.
From Figure 8, the phase-regulating characteristic of the
active SFCL prototype is verified. The phase angle of the
winding voltage 𝑢1a is controlled to be approximately the
same as that of the source voltage 𝑢sa , and the SFCL prototype
can offer a potential voltage compensation effect. According
to Figure 9, the influence of adjusting the voltage 𝑢dc on the
performance of the active SFCL prototype can be observed.
For the voltage 𝑢dc is, respectively, set as 40 V and 80 V,
the effects of the active SFCL prototype on controlling the
amplitude values of the primary voltage, secondary voltage,
and secondary current are, respectively, tested. Along with
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Figure 7: Performance of the active SFCL prototype under the commissioning test. (a) Starting characteristic and (b) ending characteristic.
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Figure 8: Phase-regulating characteristic of the active SFCL prototype under the commissioning test.

the increase of the DC voltage, the SFCL prototype will have
a sufficient capacity margin to control 𝑢1a , 𝑖2a , and 𝑢2a . In
the current-limiting test, the capacitor voltage is enhanced
further, and the SFCL prototype can obtain an enough
capacity to handle the fault issues caused in a 132 V test
system.
4.2. Current-Limiting Test. The circuit diagram of the
current-limiting test is the same as that of the commissioning
test. The source voltage is adjusted as 132 V; 𝑍1 = 3 Ω and
𝑍2 = 7 Ω are selected; the voltage over the supercapacitor
units is charged to 400 V. In normal condition, the line
current is about 13.2 A, and when 𝑍2 is short-circuited by the
fault switch, the fault current will increase to 44 A without
SFCL.

Figure 10 shows the performance of the SFCL prototype
under the current-limiting mode 1. It is found that the
active SFCL can automatically suppress the fault current to
33 A, and the expected current-limiting ratio is about 25%.
Figure 11 shows the operation characteristics of the active
SFCL prototype under the switching from mode 1 to mode
3. As a result, the fault current can be further reduced to
27 A, and the expected current-limiting ratio is about 38.6%.
For this case, the SFCL prototype will offer a compensation
voltage with the amplitude value of 49 V in series with
the main circuit, and a slight fluctuation can be found in
the DC voltage 𝑢dc . In regard to the limitations of this
SFCL prototype, its performance will be mainly constrained
by the primary inductance of the air-core superconducting
transformer and the capacity of the PWM converter. For the
former, it is determined by the superconducting transformer’s
parameter design, and for the latter, it is determined by the
energy storage unit in the PWM converter. On the whole,
the stabilization of the DC voltage can be ensured, and the
combination of the air-core superconducting transformer
and the converter can well deal with the demonstrated shortcircuit fault.
The active SFCL’s contributions in alleviating the fault
current, supporting the compensation voltage, and offering
the high controllability can be confirmed by the experimental
tests, and this kind of SFCL may have a wide application
prospect in the power industry. Taking a 10 kW class PMSGbased wind turbine system as an example, the active SFCL’s
potential effects on enhancing the system performance and
assisting the LVRT operation are studied in the following
section.

5. Expanding Application of the Active SFCL in
a PMSG-Based Wind Turbine System
As shown in Figure 12, it indicates the schematic diagram of a
PMSG-based wind turbine system integrated with the active

Advances in Condensed Matter Physics

7
Amplitude regulating
Action of the active SFCL
Normal status

u2； (V)

i2； (A)

5
0
−5
15
0
−15
7
0
−7
50
40
30

u＞＝ (V) u1； (V)

u＞＝ (V)

u1； (V)

u2； (V)

i2； (A)

Amplitude regulating
Normal status
Action of the active SFCL

0

50

100
150
Time (ms)

200

5
0
−5
15
0
−15
7
0
−7
100
80
60
0

250

50

100
150
Time (ms)

(a)

200

250

(b)

Figure 9: Influence of adjusting the capacitor voltage on the active SFCL prototype under the commissioning test. (a) 𝑢dc = 40 V and (b)
𝑢dc = 80 V.
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Figure 10: Performance of the active SFCL prototype corresponding
to mode 1 under the current-limiting test.

Figure 11: Performance of the active SFCL prototype corresponding
to mode 3 under the current-limiting test.

SFCL. From this figure, the wind generation system will be
coupled to the main network through the active SFCL and the
step-up transformer. For the active SFCL’s installation site, it
is actually the point of common coupling (PCC) between the
wind generation system and the set-up transformer.
When the wind generation system is under normal
condition, it will send the wind energy to the main network
as much as possible. The generator side converter (GSC) will
use a traditional maximum power point tracking (MPPT)
control, and the line-side converter (LSC) is to control the
DC-link voltage. Due to the achievement of power balance,
the following equations are derived:

the grid-side power; 𝐶dc1 is the capacitor; 𝑉dc1 is the DC-link
voltage over the capacitance.
Once the short-circuit fault occurs on the main network,
the drop of the PCC voltage is inevitably caused, and also the
original power balance will be damaged. The MPPT control
will proceed to transmit the maximum power output of the
wind turbine to the DC-link, but the grid-side power will
decrease from 𝑃grid to 𝑃grid-𝑓 . Thus, the imbalance between
𝑃gen and 𝑃grid-𝑓 will charge the DC-link capacitance, and the
DC-link voltage under the fault is expressed as

𝑃gen

𝑑𝜔
= 𝑃𝑡 − 𝐽eq 𝜔𝑚 𝑚 − 𝑃𝑔-loss
𝑑𝑡

𝑃cap

𝑑𝑉
= 𝐶dc1 dc1 𝑉dc1 = 𝑃gen − 𝑃grid ,
𝑑𝑡

𝑉dc1-𝑓 = √
(2)

where 𝑃gen is the generator power; 𝑃𝑡 is the turbine power;
𝑃𝑔-loss is the generator loss; 𝑃cap is the capacitor power; 𝑃grid is

2 (𝑃gen − 𝑃grid-𝑓 ) Δ𝑡
𝐶dc1

2 ,
+ 𝑉dc1

(3)

where 𝑉dc1 and 𝑉dc1-𝑓 denote the DC-link capacitance voltage
before and after the fault and Δ𝑡 is the duration of the fault.
For the active SFCL is installed at the wind generation
system, introducing the impedance 𝑍SFCL can help to consume the surplus power, suppress the grid-side currents,
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Figure 12: Schematic diagram of a PMSG-based wind turbine system integrated with the active SFCL.
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Table 4: Specifications of the PMSG wind turbine system.

and compensate the voltage sags. To obtain the quantitative
results, a simulation model corresponding to Figure 12 is
built in MATLAB/Simulink, and Table 4 shows the main
parameters of the 10 kW PMSG-based wind turbine system.
As the power capacity of the wind turbine is equal to that of
the AC/DC converter for the SFCL prototype, the prototype
parameters as shown in Tables 1–3 will be also used for the
simulation modeling of the active SFCL.
During the transient simulations, both of symmetrical
and asymmetrical faults are taken into account. Concerning
the specific LVRT code which the wind generation system
should follow, the Denmark code is selectively used [31]. In
the case where the main voltage drops to 20% of the nominal
level, the wind generation system should remain in the gridconnected state for a duration of 150 ms.
5.1. Symmetrical Fault. The simulation conditions of a symmetrical fault are defined as follows: a three-phase line-toground fault is supposed to happen on the main network at
𝑡 = 2 s; the fault resistance is 𝑅𝑔 = 1 Ω [32, 33]; the fault
duration is 170 ms. Figure 13 shows the three-phase voltage
characteristics of the wind generation system. During the
process of the fault feeding, the wind generation system’s
output voltage coupled to the AC side will decrease from
200 V to 36 V (peak value). In other words, the main voltage
will drop to 18% of the nominal level. The wind generation
system cannot endure this severe voltage drop, and it will be
enforcedly separated from the main network.
Regarding the control of the active SFCL, its currentlimiting mode 1 and mode 3 are both simulated. Figure 14
shows the behaviors of the active SFCL in limiting the PCC
fault current under the symmetrical fault. Mode 3 of the active
SFCL can suppress the fault current to 33 A; compared to that,
the fault current will increase to 140 A without SFCL.
Figure 15 shows the curves of the PCC power under
different conditions. In the case without SFCL, the grid-side
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Figure 14: Behaviors of the active SFCL in limiting the PCC fault
current under the symmetrical fault (A-phase).
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Figure 15: Effects of the active SFCL on the PCC power under the
symmetrical fault.

Figure 17: Three-phase voltage characteristics of the wind generation system under the asymmetrical fault.

SFCL is activated, the PCC voltage can be improved to 47%
of the nominal level, and the wind generation system can
successfully achieve the LVRT operation.
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Figure 16: Effects of the active SFCL on the PCC voltage under the
symmetrical fault.

power to the PCC decreases from 10 kW to 3 kW, and it will
cause a serious power imbalance since the output power of
the wind turbine is constant. For mode 1 and mode 3 of the
active SFCL are, respectively, adopted, the PCC power can
be maintained at 6 kW and 9 kW, respectively. In a sense,
the improvement of the PCC power is able to enhance the
utilization efficiency of the wind generation system.
Figure 16 shows the effects of the active SFCL on the
PCC voltage under the symmetrical fault, and the vertical
axis of this figure is to describe the root mean square (RMS)
value of the A-phase PCC voltage. For mode 3 of the active

5.2. Asymmetrical Fault. To investigate the active SFCL’s
impacts on the wind generation system under the asymmetrical fault, a double-phase (A phase and B phase) line-toground fault is supposed to happen on the main network
at 𝑡 = 2 s. It should be pointed out that the possible asymmetrical fault scenarios include single-phase line-to-ground
fault, double-phase line-to-line fault, and double-phase lineto-ground fault. Considering the severity level of a fault, the
double-phase line-to-ground fault is the most serious among
these asymmetrical fault scenarios. As a result, it is chosen
to assess the performance behaviors of the active SFCL in
the PMSG-based wind turbine system under an asymmetrical
fault. The simulation parameters of the fault resistance and
the fault duration are the same as the above symmetrical fault.
Figure 17 shows the wind generation system’s threephase voltage characteristics under this fault scenario. The
simulation results reflect that the three-phase unbalance will
be very obvious, and the B phase voltage will have the lowest
amplitude level. During the process of the fault feeding, the
B phase voltage’s peak value will decrease from 200 V to 40 V,
and it will exactly drop to 20% of the nominal level. In respect
to the A phase and C phase voltages, their rates of decline are
about 17.5% and 32.6%, respectively.
Figure 18 shows the influence of the active SFCL on
the PCC power under the asymmetrical fault. In the event
without SFCL, the PCC power will reduce from 10 kW to
7 kW, and mode 3 of the active SFCL can maintain the
power balance and mitigate the power fluctuation as much
as possible.
Figure 19 indicates the influence of the active SFCL on
the PCC voltage under the asymmetrical fault. For mode 3

10

Advances in Condensed Matter Physics
20

of the active SFCL is applied, the B phase PCC voltage can be
enhanced to 41% of the nominal level, and some minor effects
on compensating A phase and C phase PCC voltages can be
also obtained.
From the demonstrated figures, the function of the active
SFCL to alleviate the three-phase imbalance can be enhanced.
One possible solution is to explore an optimal control of
the positive, negative, and zero sequence components of the
injected currents, so as to make the active SFCL handle the
asymmetrical fault more efficiently. The performance optimization study will be done in the succeeding works.
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6. Conclusions
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Figure 18: Influence of the active SFCL on the PCC power under
the asymmetrical fault.
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Figure 19: Influence of the active SFCL on the PCC voltage under
the asymmetrical fault.

Concerning the development of a voltage compensation type
active SFCL and its application for transient performance
enhancement of a PMSG-based wind turbine system, related
theoretical analyses, experimental tests, and simulation studies are conducted in this paper. The following conclusions can
be obtained:
(1) According to the commissioning test and the currentlimiting test, the active SFCL prototype can automatically suppress the fault current and offer a highly controllable compensation voltage in series with the main
network. In consideration of the transfer between different operation modes, the active SFCL prototype’s
current-limiting and voltage-compensating performance can be enhanced further.
(2) Based on the application of the active SFCL in a
PMSG-based wind turbine system, transient performance enhancement can be found from multiple
aspects. Using the active SFCL can help to maintain
the PCC power balance, mitigate the PCC voltagecurrent fluctuation, and improve the wind energy
efficiency. The active SFCL can be regarded as a feasible solution to assist the wind generation system to
achieve the LVRT operation.
In the near future, some follow-up works will be undertaken, such as the robustness improvement of the active SFCL
to deal with the asymmetrical fault and the experimental
tests of the active SFCL in a real renewable energy system.
In addition, for the possible interaction between the voltage
compensation type active SFCL and power system during its
actual application, there are many technical issues needed to
be handled, such as optimized installation sites, coordination with circuit breakers, and cooperation among multiple
SFCLs. These tasks will be carried out in our follow-up plans,
and the research results will be reported in later articles.
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