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Abstract

Wind energy’s presence in the electric power systasdramatically grown over the past decade aiid wi
continue to grow worldwide as many countries haemmed future developments. Large number of winblites are
being installed and connected to power systemsomme of the countries the penetration of wind paweignificant
high so as to affect the power quality, system atjp@m and control and power system stability. is gaper an attempt
is made to predict the reactive power burden ofwtmel farm based on conventional fixed speed iridnagenerator
during wind variation and fault condition. PSCAD/EBIC based large scale wind farm model is developkdre
STATCOM is introduced as an active voltage andtieagower supporter to increase the power systaimnilisy.
STATCOM unit injects reactive power to mitigate gawuality problems and to get stable grid openatio

Keywords: Squirrel Cage Induction Generator (SCIG), PSCAInd Turbine Generator (WTG), Static Synchronous
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I ntroduction

Windmills have been used for at 1ea800
years, mainly for grinding grain or pumping watehile
in sailing ships the wind has been an essentiaiceoof
power for even longer. From as early as the thittee
century, horizontal-axis windmills were an integpart
of the rural economy and only fell into disuse witte
advent of cheap fossil-fuelled engines and then the
spread of rural electrification. To use wind energy
efficiently and to concentrate the visual impact of
modem wind turbines, the regions with a good wind
climate, a tendency to group turbines in wind facas
be observed. These wind farms are connected to high
voltage transmission grids and thus directly infice the
dynamic behaviour of the electrical power systemeO
of the major concerns related to high level windvpo
penetration is the impact on power system stability
facilitate the investigation of the impact of a @ifarm
on the dynamics of the power system to which it is
connected, an adequate model is required. In aaer
avoid the necessity of developing a detailed maded
wind farm with tens or hundreds of wind turbinesian
their interconnections, aggregated wind farm mode¢s
needed [1].From each generating station the prdbabi
of the total generating capacity not exceeding \&emi
power level. This gives a measure of the reliabiit the
system [2].

If the network is weak this situation will cause a
voltage collapse to occur in the transmission sgsfehe
process can be dynamically supported by a STATCOM
to improve voltage stability and to improve recagver
from network faults and mitigate voltage flicker.[8l

induction generators are assumed to operate at 0.85
leading power factor for the entire operation range
because the operation of wind farm at 0.95 leadingy
power factor does not survive after disturbance tued
situation is better during disturbance at 0.95 ilagg
power factor [4].

The power pollution is caused due to the
variation of frequency, voltage, wave shape, asymme
transients, impulses, non-sinusoids etc. This pohuis
unavoidable as the wind parameters are continuously
changing [5].The short circuit level of the gridtwerk is
very high than the wind power penetration into the
network [6].Use of more intelligent controller for
STATCOM and its interface to large power systems
addressing various issues such as security, $yalzihd
voltage profile improvement and power quality [FiMas
found that STATCOM considerably improves the
stability during and after disturbances especiallyen
network is weak [8].FACTS devices provide an effert
means of dynamic voltage control of wind farm, dymna
power control of the transmission lines, improvpaver
oscillations damping and transient stability [9].

This paper investigates the use of a STATCOM to
improve the power quality in terms of reactive powe
supporter during wind variation and to mitigate the
voltage dip during the grid fault of a wind farmuggped
with Squirrel Cage Induction Generator (SCIG).

Squirrel Cage Induction Generator
Induction generators are gaining the popularity
due to its simplicity and no synchronization prable
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However the major drawback of this machine is its
additional reactive burden on the system, wherés it
connected. In number if countries asynchronous
generators are used for conversion of energy in
installation of renewable power especially wind pow
The induction generator has the very same congiruct
as induction motor with some possible improvemamts
efficiency. There is an important operating differe;
the rotor speed is advanced with respect to stator
magnetic field rotation. The rotor is being drivah a
speed more than synchronously rotating magnetid. fie
The rotor conductors are now being cut by the imgat
flux in a direction opposite to that during motayimode.
This shows that rotor generated EMF, rotor curgerd
hence its stator components change their signsthés
speed during induction generator operation is not
synchronous, it is also called an asynchronousrgésre
Variation in ‘d” changes both active power and reactive
power flow at the SEIG terminals there by
simultaneously changing both terminal voltage and
frequency of the SEIG [10].

The use of STATCOM shall be considered for
stability improvement as well as improvement of pow
quality taking considering techno economic aspgdh

Another important issue related to the FSWTs
equipped with squirrel-cage induction generatorshes
fault ride-through capability. When connected toveak
power grid and during a grid fault, the over-spagdbf
the wind turbines can cause voltage instability. &s
result, utilities typically disconnect the wind bimes
immediately from the grid when such a contingency
occurs. With the rapid increase in penetration @idw
power in power grids, tripping of many wind turbsnia
a large wind farm during grid faults may begin to
influence the overall power system stability [12jd5
connected wind turbines often produce active pomtr
significant fluctuations due to wind speed variatipthe
wind gradient and the tower shadow effect. The wutp
power variations can cause fluctuations of theagstat
the connection point. Because of the power quality
requirements from the utilities, flicker emissionayn
become a major limiting factor for integrating wind
turbines, especially the fixed-speed wind turbines
(FSWTs), into weak power grids where the wind power
penetration levels are high [12].With the developtaf
wind turbine technology, large scale wind farms of
hundreds of MW level being developed in many
countries. These modern wind farms are usually
connected to the power grid. The global annual
installation capacity is increased with the rat80f% in
recent years [13].

Although there is a growing interest in the usage
of doubly fed induction generators, squirrel-cagéor
type induction generators are still in use due Heirt
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simplicity, robustness, low cost and low mainter@gnc
which can be very advantageous for small and medium
size wind farms Moreover, in Europe there are large
wind power plants composed by squirrel-cage rotor
[14].A Squirrel cage induction generator may becliry
connected to grid. The frequency of grid determities

air gap flux speeas, the synchronous speed. The rotor
speedwr of induction machine is made slightly higher
synchronous speed to operate the machine as inducti
generator. The features SCIG driven wind farms are
simple, cheap and no synchronization required.

The SCIG in this WTG concept can only
operate within a narrow range of the rotationalespe
slightly above the synchronous speed. Becauseesith
very small rotational speed variations, this typ&\adrG
is considered to operate at fixed speed.Grid cdedec
wind turbine generator based on SCIG gave the
following results for active power (P), reactivewsy
requirement (Q) and reactive power supplied by ¢yl
when simulated using PSCAD/EMTDC environment.
Simulated results are obtained for mean wind speed
(Wm3 variations.

The wind farms equipped with FSWTs are
composed of a large number of wind turbines with
directly grid connected SCIGs. A gearbox is used to
connect the low-speed wind turbine rotor shaft #rel
high-speed induction generator rotor shaft. Theirggju
Cage Induction Generator (SCIG) in this WTG concept
can only operate within a narrow range of the roiet
speed, slightly above the synchronous speed. Beazfus
these very small rotational speed variations, tyje of
WTG is considered to operate at fixed speed.

Static Synchronous Compensator

The  Static  Synchronous  Compensator
(STATCOM) is a shunt connected reactive compensatio
equipment which is capable of generating and/or
absorbing reactive power whose output can be vated
as to maintain control of specific parameters of th
electric power system. The STATCOM provides
operating characteristics similar to a rotating
synchronous compensator without the mechanicatisner
due to the STATCOM employ solid state power
switching devices it provides rapid controllabiliy the
three phase voltages, both in magnitude and phage.a
STATCOM consists of controllable PWM voltage source
converter. The STATCOM is a shunt FACTS device. It
consists of VSC connected in shunt to a bus thraugh
coupling transform. The objective of the STATCOM is
to provide fast and smooth voltage regulation atghint
of common coupling. In this paper, the VSC is mtmtkl
as a six-pulse PWM-IGBT converter with a dc-link
capacitor. The static compensators are devices thih
ability to both generate and absorb reactive ariveac
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power, but the most common applications are intieac m—w

power exchange between the AC system and the & A W
compensator. The Static Synchronous Compensator }_UiT' L@ M Ht’:
(STATCOM) based on six-pulse Voltage Source Inverte ' -

(VSI). The compensator control is achieved by small . ] - In

variations in the switching angle of the semicoriduc ] = e ow e

devices, so that the fundamental component of the ¥ Te =, G

voltage produced by the inverter is forced to ladgead i ] T ] | | "

the AC system voltage by a few degrees. This causes T =l

active power to flow into or out of the inverter, — AT
modifying the value of the DC capacitor voltagedan Hean - | WODZTiRe \p, ]
consequently the magnitude of the inverter terminal .

voltage and the resultant reactive power. If theetteped
voltage is higher than system voltage the STATCOM o cuis 1
will supply reactive power like a rotating synchoos
compensator and improve the voltage and conveitely
lower it will remove reactive power. It is necegsan
extend the application of STATCOM for SEIG of highe
ratings operated in large wind farms interfacedytiol il
feeding linear and nonlinear loads.

Beta

BE‘

Simulation Model for Wind Farm Bets

In order to evaluate the improvement of the B= 1| yind Tubine
stability conditions that a STATCOM can producehe \—b b3 e
system with a wind farm connected to a weak grid, @Lcm Py
different power system simulations have been pevéar @-):JF -
in EMTDC/PSCAD digital simulator.

Case A: As shown in figure No.1. Wind farm with
squirrel cage induction generators is connectedwim
buses radial system is modelled. The simulationltes
indicated active and reactive power of flow of Scpli
Cage Induction generator as shown in Table No.
1.Table.2.show Reactive power requirement for SCIG.

Fig.1. Wind farm modée
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Table.l. Active, reactive power flow of SCIGs.
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, . 7 14 39.54 -39.717| -2.28  -10.7
W_ln(_j Source Power flow Wind Farm Power 8 15 36.57 3947 2 20 1118
variation Flow
(m/sec) Active | Reactive | Active Reactive 9 16 33.2 -39.04 -2.34 -11.57
(MW) | (MVAR) (MW) (MVAR) 10 17 29.18 -38.78 239  -12.06
8 140 135 31.32 -25.76
9 134 135 37.07 -26.75 Continue------
10 130 135 41.08 -27.51
11 127.5 137 43.24 -27.95 Source power flow STACOM power Bus voltages
12 126 138 43.76 -28.06 flow
13 1275 136 42.785 -27.84 Active | Reactive| Active | Reactive
14 130 135 40.63 -27.41 power power power power Busl Bus2
12 12; igg 3347-16248 -gg-gg (MW) | (Mvar) | (MW) | (Mvar) | (Volts) | (Volts)
17 141 135 3035 5 62 182.5 43 2.6 -122.2 113.638 116.b6
176.5 44 2.62 -120.7 113.8f 116.47
Table.2. Reactive power requirement for SCIG 172.5 44 271 -119.97 113.4 116.34
Wind Source Power flow Wind Farm Power
variation Flow 168.5 44.5 2.51 -119.45 113.91 116.22
(m/sec) Active | Reactive | Active Reactive 167.5 445 2.26 -119.25 113.89 116.48
(;C\j\}) (MQViJé) (MW) (MVAR) 172 44.5 2.54 -119.51 113.76 116.5
8 182.5 43.0 30.45 -38.83 172.5 45 2.69 -120.08 11359 116.37
9 176.5 44.0 36.15]  -39.42 175 44 | 2771| -120.64| 11360 116.44
10 172.5 44.0 40.28 -39.9
11 168.5 445 4239 4014 178.5 43 2.723 -121.52 113.69 116.63
12 167.5 44.5 42.9 -40.14 182.5 42.5 2.74 -122.61 113.62 116.66
13 172.0 44.5 41.78 -40.09
14 172.5 45.0 39.54 -39.717 Bus 1 is a slack bus where the known variables
15 175.0 44.0 36.57 -39.47 areV1anddsl and the unknown variables &Pd andQ1
16 178.5 43.0 33.2 -39.04 Load connected to bus 1RD1= 99 MW andQD1 = 60
17 182.5 42.5 29.18) -38.78 Mvar. Bus 2 is PQ bus where the P2 and the Q2 are

Case B: As shown in figure No.2. Large scale wind farmhwit
squirrel cage induction generators is connected two bus
radial system with STATCOM is modelled. The simidat
results indicated the active power, reactive poemd phase
angle variations, are regulated by means of STATO@hth
injects reactive power to the system as shown isleTAlo. 3.
Load flow study is carried out to compare the expac
calculation results and simulation results forwhied variation.
Fig. 5.shows Reactive power generated by STATCOMNdu
Fault.Fig.6 shows Voltage sag at Bus 2 during Faiglt7.
shows Voltage sag mitigation at Bus 2 by STATCOM

Table.3. Reactive power compensation by STATCOM

Sr. | Wind SCIG Power flow Phase angle
No. | Speed
Active Reactive
power power Busl Bus2
(MW) (Mvar) | (deg) | (deg)
1 8 30.45 -38.83 -2.38 -11.9%
2 9 36.15 -39.42 -2.29 -11.56
3 10 40.28 -39.9 -2.24 -10.67
4 11 42.39 -40.14 -2.21 -10.55
5 12 42.9 -40.14 -2.2 -10.3
6 13 41.78 -40.09 -2.22 -10.42

known and the/2 and 62 are unknown variables. Load
connected at bus 2 are havirp2 = 105 MW andQD2=

53 Mvar. Load flow study is carried out for 12 nuse
wind speed to obtained source power flow and
STATCOM power flow for the validation of results
given by simulation. Base voltage selected is 115KV

1 pu and Base MVA selected is 100 MVA.

Active and reactive power supplied (or
accepted) by source at bus 1 are calculated as
PG1=P1+PD1and QG1=Q1+QD1respectively. Active
power flow at source by calculation and simulation
results are 163.4 MW and 167.5 MW respectively
whereas the reactive power flow by source at by 1
calculation and simulation results are 33.94 MVARI a
44.5 MVAR respectively. Case C: In this case lsgale
wind farm with squirrel cage induction generatoss i
connected to a two bus radial system with STATCQ@M i
modelled. Three phase fault is applied at bus 2 Th
result indicated the active power, reactive power,
terminal voltage and phase angle variations, ayelated
by the means of STATCOM which injects reactive
power to the grid during fault to improve the vgka
profile and stability of network. Load flow study i
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carried out to compare the expected results and
simulation results for the wind variation.
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Fig.7. Voltage sag mitigation at Bus2 by STATCOM
Conclusion

This paper has investigated the application of
STATCOM to wind farm equipped with Squirrel Cage
Induction Generators to study reactive power sujgpor
during wind variation and three phase fault copditiA
simulate on model for large scale wind farm is gesd
in PSCAD software to study the reactive power
compensation and voltage sag mitigation using
STATCOM. During case 1, the simulation results are
obtained for active power generated and reactiwgepo
requirement of wind farm. The predicted active and
reactive power flow based on equivalent induction
generator parameters and simulation results are
comparably good enough. During case 2, six pulsé/PW
based STATCOM is used to compensate the reactive
power requirement of wind farm during wind variatio
The study has demonstrated that STATCOM provides
better reactive power support during dynamic behavi
of wind. Load flow analysis is used to validate troaver
flow results of active and reactive power with the
simulation results obtained. During case 3, thrbasp
balanced fault is created to obtain the voltageatagus
2. STATCOM is used to inject the reactive power to
maintain voltage level. Fig 7 indicates the voltpgefile
at bus 2 during fault without STATCOM connected at
PCC. Whereas From the simulation results, the desig
wind farm with STATCOM responded well in mitigating
voltage sag caused by three-phase balanced fault.
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