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Abstract: Problem statement: An inherent problem with wind turbine power genenatsystems is
the low power quality due to intermittent power geation in these systenibhis not only affects the
power generation but also the grid it is connedi@dApproach: In this study a configuration
consisting of a 6MW Wind Farm based on conventidtiebd Speed Induction Generator is analyzed.
To improve the transient stability in the wind tumd generator a STATCOM is introduced in the
system as an active voltage/var suppoffére impact of the introduced STATCOM and subsequent
performance improvement in the power quality isd&d. Results and Conclusion: The improved
short-term voltage obtained when a STATCOM is idtroed under various wind speed conditions is
quantified. It is proved that STATCOM has a dirgapact on reliability, however SVC needsto be
studied due to their lower cost.
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INTRODUCTION With increase in penetration in the wind power, it
has become necessary to address problems associated

Wind power is a sustainable method to generatavith maintaining a stable electric power systemt tha

electrical energy by converting wind power to anmay include different sources of energy including
alternate energy and in turn convert the same intélydro, thermal, nuclear and solar (Ahilanal., 2009).

electrical energy. Worldwide name plate capacitg wa With the percentage of wind energy generated
pegged at 159.2 GW and is increasing very fastincreasing; continuous connection of wind farmshie

Currently 2% of the total energy generated and useflfid plays a crucial role in enabling uninterrupted

comes from wind energy. Several countries have?OWer supply to the load, even in the case of minor

achieved good levels of wind power generation. hsuc disturbances. With wind farm capacity continuously
. being increased through the installation larger dwin

as 20% of stationary electricity production in bi | bili d ffici fawidl
Denmark, 14% in Ireland and Portugal, 11% in Spairﬂr |nehs, VOt%%? sta “t%/ aI? afn € 'C'?nt alma: f
and 8% in Germany in 2009. Over 80 countries rough capa ||t_y are the €y actors Oor Sucaiss
around the world use wind energy on a commercia enetration of vv_|nd energy in the eIectrlcaI. netaor

X i rid codes require the wind energy generation gyste
ba5|s._ Large sca_lle_wmd farms are C(_)nnectgo_l to th provide continued uninterrupted operation under
electrical transmission netvyork with high efficignc transient voltage conditions (Qiao and Harley, 2008
Large numbers of small wind energy generators argyind power systems should meet these requirements
used to provide electricity to isolated locations.for jnterconnection to the grid. Different grid @od
Advantages of wind energy is that it is availablestandards are set by different regulating bodieg, b
freely, clean and renewable. Wind is a Continuouslmordic gnd codes are becoming increasing|y popu'ar
varying source of energy and so is the active powe{Molinas et al., 2005). A major issue that needs to be
generated by the wind (Ramakumeral., 1999). A addressed for interconnection of wind farms toghd
major disadvantage of wind energy distributionis its dynamic stability. The grid can collapse doe
systems connected to a weak grid is generation ofoltage instability occurring due to heavy loading
flickers and harmonics thus reducing the quality ofconditions and the power system not able to meet th
power. demands of reactive power.
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Extensive modeling is required to study themaintenance cost. These generators do not need slip
effects of transients and stability of the wind gjye  rings and an excitation system. However the
system before implementation. Stand alone systemdisadvantage is the need for a reactive power sadorc
are more easier to model, analyze and control thaastablish the rotating magnetic field. This problesm
larger power systems in simulation studies. A windeasily solved by the use of modern power electsonic
farm is usually spread over a wide area and hagymaralong with a single capacitor (Mittadt al., 2010;
wind generators which produce different amounts offoledo and Xie, 2005). Also these power electronic
power when they are exposed to different winddevices can inject power back into the network if
patterns. The generator used also plays a crucial r needed. This type of generator is to be rotatedr@bo
in the stability of the system. For example thesynchronous speed to generate power. With the use o
operating characteristics of squirrel cage inductio the power electronic drive, the generator can also
motor is that it consumes reactive power whichas n produce power at sub synchronous speeds. Figure 1
a desired feature of the transmission system. & thshows a squirrel cage induction generator coupded t
case of a weak grid, the reactive power consumptiorive.
of the generator is always fully compensated by

capacitors. During a fault, the generator will wound rotor induction generators: Wound rotor
accelerate due to the imbalance in the energy anfduction generators are built such that the statat
electrical power delivered to the grid (Erkert, 300  rotor can give power simultaneously at certain dpee
When the fault is cleared the voltage is not staddl  Figure 2 shows this type of generator. The rotor is
immediately and the generator continues to acceleraconnected to the drive while the stator is conmbete
and consumes even larger amount of reactive powahe grid terminals.
(Hossainet al., 2009). To overcome this problem The magnetic field rotation speed is fixed in the
active voltage regulators can be used. stator winding as the stator is connected to thd gr
Flexible Ac Transmission Systems (FACTS) aregirectly. The rotor side drive function is to adjuke
used extensively used in power systems becauseof t rotation of the magnetic field in the rotor to nfateith
ability to provide flexible power control. Example$  that of the stator magnetic field. This is the ayieg
such devices are the Static Synchronous Compensatgfinciple of a synchronous generator where themois
(STATCOM) and the Unified Power Flow Controller sjip between the stator and the rotor magnetid fiak
(UPFC). STATCOM is preferred in wind farms due to syp synchronous speeds which can occur because of
its ability to provide bus bar voltage support eitiby  |ow wind, the drive will adjust the frequency fealthe
supplying and/or absorbing reactive power in to th&otor to make the rotor magnetic field seem liksit
system (Srinivas and Devakumar, 2010). running faster at synchronous speed. This scenario

In this study the performance of a wind farm with requires drawing real power from the grid and tiagos
and without STATCOM is investigated. A 6 MW wind || add that power to the power from the turbite.

farm is modelled and the output during fault ctiods  total, the wind system at this condition will be

and the capability of STATCOM to compensate duringexporting power to the network. At super synchranou
the fault is studied. It is shown that transiend ahort Speeds which can occur due to h|gh wind Speed’ the
term Stab|l|ty can also be achieved with the intrctgbn reverse action takes place_ Here, the rotating Hﬁxgn
of STATCOM in the system. field in the rotor will run in a direction opposite the
physical rotation of the rotor. The result is zestative
speed between the stator and rotor magnetic fidcs
MATERIALSAND METHODS way, both the stator and the rotor produce realgrow

Induction generators used in wind energy

conversion systems. The major part of wind power
generation is the induction generators. The differe
types of generators used are squirrel cage inductio AC-DC-AC
generators, wound rotor induction generators, converter
permanent magnet and synchronous generators.

Squirrel cage induction generators: The squirrel cage

induction generator is one of the widely generathrs

to its simplicity, very high reliabilty and low Fig. 1: Squirrel cage induction wind generator
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DFIG for damping system oscillations. The other adveasgag
S rid of using FACTS are increased transmission line

\ capacity and improved steady state voltage reguiati
Use of FACTS also provides transient voltage suppor

/ DC link to avoid system collapse and damp power oscillation
The use of FACTS devices in wind power systems
Rioto DClink [ improves the transient and dynamic stability of the

AC .
» power system. One of the members of the familyhef t

L
DC T AC

FACTS devices is the STATCOM that can be used
effectively in wind farms to provide transient \age
Fig. 2: Wound rotor induction generator support to prevent the system from being collapsed.
STATCOM can also be considered to be an electronic
Vatility generator of reactive power.

When power ‘'S’ (P+jQ) is transmitted over a
power line with impedance ‘Z' (R+jX), the resulting
voltage dropAV given by Eq. 1:

Istatoom

| | A= RP+XQ B
\%
| | In the case of large wind farms that are connected

to transmission systems, the reactance X >> Ramd f
Eq. 1, AV is directly proportional to the transferred
el reacti_ve power (Q). From Eq. 1, it is _clear t_hat an
[\I effective reactive power control strategy is regdifor

efficient control of voltage. FACTS devices provide
improved dynamic and steady state support. Thay als
improve dynamic and transient stability, control
dynamic over voltages and under voltages and also
provide protection against voltage and frequency
collapses.
Fig. 3: Schematic diagram of STATCOM A STATCOM is a shunt connected device that can
provide reactive poer compensation and is capable o
Permanent magnet generator: Unlike the squirrel absorbing or generating reactive power. The
cage and wound rotor induction generators, theSTATCOM can be used to to control specific
Permanent magnet generator does not need any a@ixterparameters of an electric power system. The
source to establish the rotor magnetic field as thi STATCOM is a static compensator and is used to
provided by the permanent magnets built into theregulate voltage and to improve dynamic stabilky.
generator. Without a drive, this generator will yonl STATCOM supplies the required reactive power under
produce power when the wind speed is high enough tearious operating conditions, so that the network
attempt running the rotor at a speed higher than thvoltage can be controlled actively to improve tteady
stator magnetic field. The above process will iasee  state stability of the network. The STATCOM has the
the rotor speed and which in turn increases theepow advantage that it can be can be operated ovedlits f
system frequency by a small fraction (Al-Majed andoutput current range especially at very low voltage
Fujigaki, 2010). When wind speed is too low the PMGlevels. The variation of the maximum VAR generated
will act as a motor consuming power from the ne&wor or absorbed by the STATCOM is linear with the tyili
with a drive the Permanent magnet motor can producer ac system voltage. Figure 3 and 4 shows the
power at a broad range of wind speeds. This iseaeli schematic diagram of the SVC and its V-l
by the drive making the network seem to run atveelo  characteristics.
frequency during low wind speeds and the reversesta The system voltage of the fixed speed wind tugine
place when the wind speed is high. can be enhanced by connecting capacitorsd becemse d
reactive power. The use of mechanically switchaddfi
STATCOM: FACTS devices are commonly used in shunt capacitors enhances the systems voltagditgtabi
power systems to control the power flow control andiimit, but they do not respond to tage changes.
113

|
I



Am. J. Applied Sci., 9 (1): 111-116, 2012

Vop.u. The pitch angle is the angle at which the blade
surface contacts the wind. It is often variableetsure
optimum operation of the turbine in varying wind
conditions and to prevent electrical overload amdro
speed in high winds. In the experimental setup, the

Transientrating pitch angle is controlled to limit the generatortput
power when the wind speed exceeds the nominal speed
of 32 kmph. The Induction generator speed is ggtdri
than the synchronous speed to generate power &nd th
speed varies between 1.005 pu at full load andpat 4t

Transientrating

1
/.
/'
%i

no load.
d 5 Capacitor banks are used at each wind turbine low
Temax Temax voltage bus to partly compensate reactive power
absorbed by the induction generators. In the second
Fig. 4: Characteristics of STATCOM setup a statcom of 3 Mvar is used to maintain ¢isé of

the reactive power required to maintain the 25 kV

Also, the voltage generated by the wind generator§oltage close to 1 pu.
equipped with only fixed capacitors can exceed the The wind turbine was designed as to yield the
voltage limit of 1.05.p.u. hence, a fiaxed capasito nominal mechanical power of 3 MW at 324
cannot be used as the only source of reactive powésmph.wind speed. Both the wind turbine and statcom
compensation. In a STATCOM, the compensatingmodels (used from matlab libraries) are phasor
current is not dependent on the voltage level at thmodels. In the experimental setup with each
connection point. So there is no decrease in th&imulation running for 20 sec, the initial wind spleis
compensating current voltage drops. This is onthef set at 28.8 kmph and after 2 sec the wind speed is
most important advantages of STATCOM over aincreased to 39.6 kmph in the first pair of windoine
thyristorised SVC. over a period of 3 sec and maintained at 39.6 kmph.

The output of the wind power plants and the totalSimilarly the second pair of wind turbine speed was
load varies throughout the day. Hence reactive poweincreased from 28.8 kmph to 39.6 kmph after 4 sec
compensation is essential to maintain thenal over a period of 3 sec. At t = 15 s, a phase tes@ha
voltage levels in the power systeme Power fault is applied at the second set of wind turbine
system is seriously affected by reactive powerterminals terminals, causing the turbine to tript &t
imbalances. Such reactive power imbalances can bEb.11 s. Simulations were carried on with the statc
minimized by reactive power compensation devicefnd without statcom in the network. Figure 5
such as STATCOM. The STATCOM can also illustrates active and reactive power, generat@edp
compensate the low voltage ride through requirerisent wind speed and pitch angle for each turbine dutfireg
also compensated by using STATCOM because it cafirst 6 sec of operation.

operate at full capacity even at low voltages. The first graph in Fig. 5 shows the active
power stabilizing to 3Mw in roughly 6 sec as the
RESULTSAND DISCUSSION wind speed increases from 8-11 m $ecThe

second graph in Fig. 5 shows the reactive power
Experimental setup: In this study Matlab Simulink is increasing as the active power increases. The fourt
used to create the experimental setup. The set ugraph show the wind speed increasing from 8-11 m
consists of two pairs of wind turbine each of 3 MW sec® starting at t = 2 for the first wind turbine and
capacity connected to a 25kV distributimystem. the wind speed increasing for the second turbine at
The distribution system is connected to a 120 kM gr = 4 sec.
located 10 km from the wind farm. The wind turbine Figure 6 represents the performance of the wind
uses squirrel cage induction generator with théosta farm when the second wind turbine fails due to asgh
winding connected directly to the gird and the roto to phase fault at t =15 sec. The first wind turbine
driven by a variable pitch wind turbine. continues its operation.

114



Fig. 5: Active power, Reactive power, Generatoreshe
Wind speed and pitch angle during the first six
seconds of operation

Fig. 6: Active power, reactive power, generatoreshe

wind speed and pitch angle during the phase to

phase fault at t = 15s
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Fig. 7: Comparison of bus parameters with and witho
statcom

In the second experiment the statcom is
disconnected from the system and the simulation is
carried out as in the previous setup except that th
phase to phase fault is eliminated. The compartixge
parameters are shown in Fig. 7. Due to the lack of
reactive power the voltage at the bus falls to @98

CONCLUSION

In this study the power quality of a 6MW wind
generation system using induction generators
investigated. It has been demonstrated that ariewuiali
active voltage support produced by a STATCOM can
significantly improve the recovery of wind turbines
from the fault due to faster restoration of thetagé,
improving the stability of the induction generatSince
SVC's are cheaper than STATCOM for the same
rating, it is desirable to study the effect of SWCa
wind energy system.

is
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