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Abstract:

This paper aims to simulate a wind farm model thatudes wind turbine and three different types erfiegators ,
which are three-phase synchronous generator, thtees@ squirrel-cage induction generator and threegsh doubly-fed
induction generator ,these generators are the mmacthines that generally used in the field of windrgn generation. All
generators are connected in parallel at the poihtemmon coupling (PCC) and connected to the utjity. This model is a
simple representation of the actual model of Zafar which is the biggest wind farm in Egypt andhferr to use it in different
kinds of simulations, and display the differencedaponse among all generators with the same powargrgd500 kW) and
subjected to the same operating conditions andgatihis paper describes the simulation of theegifit faults that occur along
the transmission line of the power system suchiragesline fault, line to line fault, double lings ground fault, and finally
three line faults. The response of the wind turtzind the different generators will be analyzed amstd$sed to compare the
transient response of all generators at the diffiétgpes of faults, where the fault period is selédb be 300 ms. The model is
created in MATLAB software that enables the dynamit static simulations of electric, electromagoetnd electromechanical
systems. The machines are standard blocks in fhweege library.

Keywords: transient faults, wind farm, simulation model.

1. Introduction

The installation of a wind power plant has sigrfidy increased since several years due to thetrece
necessity of creating renewable, sustainable aahatnergy sources. Before the accomplishmeniana power
project many pre--studies are required in ordevetfy the possibility of integrating a wind powplant in the
electrical network. The creation of models in diffiet software and their simulation can bring theunance of a
secure operation that meets the numerous requitsnmaposed by the electrical system. In many agestall
over the world wind power is expanding and coverteadily increasing part of these countries’ podemand.
However, if wind turbines are to substitute for eentional power plants they have to take over n@friire control
tasks that keep the power system stable [1]. Orteasfe control tasks is to ride through transiantt$ in power
systems. This means that generation must not bell@sto voltage excursions caused by transieritsfatis wind
power penetration increases, the respective poysters operators are concerned about the stabildyreliability
of their networks. This is why many power systenerapors issue grid connection requirements thatiftpaly
address wind turbines and demand them to ride gfrtnansient faults.

So this paper introduces a survey on the diffepmssible line faults that may be occur in the power
system and discuss the severity of each one andftbet of each fault on the grid voltage and freagy. The
response of each machine pre- and after each fyfpellbcase will be discussed.

2. Wind Farm M odel

As shown in Fig.1 the wind farm model represerite wind turbine which takes its natural wind speed
variation , and three types of generators ( tipfe®se synchronous generator , three-phase segéigel induction
generator and three-phase doubly-fed induction rigém® , all generators are connected in paradiethe point of
common coupling (PCC), and connected to the wtjitd . all generators are 500 kW power rating.

The model is created in MATLAB software that enabldhe dynamic and static simulations of
electromagnetic and electromechanical systems widirgenerators are standard models in MATLAB &by.

A detailed description of the system dynamics, peters and analysis can be found in [5]. Sincentine
speed is varied, pitch control is used to cortinel turbine mechanical power and disconnect tHairte at high
wind speeds to protect it from damage.
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Fig..1 System model diagram

3. Single-lineto ground fault

The frequency in an AC power system is stable wherelectrical demand plus the electrical lossesileq
the electrical generation in the system. An imbegalpetween generation and demand leads to risiddrgguency
if the generation exceeds demand, and to droppildgfigequency if the demand exceeds the generaliba. grid
frequency finds a new equilibrium if there is eithaufficient frequency sensitive load in the systam if the
generators are equipped with governors that athjesprime mover power so the generators pull thguency back
to its rated value. Governor controllers, whichtcointhe mechanical power of the prime mover, aeduto control
the steady state frequency of the system in allemodower systems.

If a change in load or in generation happens giladute frequency will deviate gradually. If a pte
change happens, the frequency will experienceiganescillations before it settles to its new diQuum. In case 1
a single-line to ground fault where phase A leced to be shorted with the ground from the tifheec to 8.3 sec
for 300 ms period and 70 km distance from the pofrdcommon coupling, the simulation shows theeefbf this
fault on the grid frequency , voltage , and thedniystem. Fig. 2 and Fig. 3 show the grid frequeanay voltage at
the point of common coupling pre- and after thdtfalearance, during the fault period the frequeheag a light
oscillations and the voltage become 13% of itsdratdue, and after fautiearance the frequeneyd voltage come
back to their rated values within the grid codeuregments [2].

50.15

time(s)

Fig. 2 Frequency of the power system at the pdisbsmmon coupling pre- and after fault clearance
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Fig.3 Rmsvoltage of the grid at the point of common couplprg- and after fault clearance

Fig. 4 to Fig. 6 show the active and reactive poafezach generator before and after the fault secge,
during the fault period the machine active powereiduced and the reactive power is increased tgeosate the
grid voltage. After the fault clearance all poweosne back to the pre- fault value, and the systestable and has a
good performance.
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Fig.4 active and reactive power of the synchrorgrrserator pre- and after fault clearance
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Fig.5 active and reactive power of the squirrelecagluction generator pre- and after fault cleaganc
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Fig.6 active and reactive power of the doubly-fediiction generator pre- and after fault clearance

4. lineto line fault

Case 2 represents a line to line fault, wheregkaand B are selected to be shorted from the @rsec to
8.3 sec for 300 ms at 70 km distance from the pofntommon coupling . Fig. 7 and Fig. 8 show thi g
frequency and voltage at the point of common cowgptire- and after the fault, during the fault peribe frequency
has a high oscillations compared to casel, am&dhage become 33% of its rated value, and &tdt clearance
the frequencynd voltage come back to its rated values but afteng time compared to casel.
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Fig. 7 frequency of the power system at the padirtoonmon
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Fig. 8 Rmsgroltage of the power system at the point of commmmupling pre- and after fault clearance

Fig. 9 to Fig. 11 show the active and reactive poiwepu of the different machines, during the feapdtriod, the
machine active power is reduced and the reactiveep increased to compensate the grid voltageerAlfie fault
clearance all values come back to the pre- falltegawith a comparative longer time with case &d the system
is stable and has a good performance but lessctmmn1.
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Fig.9 active and reactive power of the synchrorgrreerator pre- and after fault clearance
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Fig.10 active and reactive power of the squirragecinduction generator pre- and after fault cleega
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Fig. 11 active and reactive power of the doublyifetliction generator pre- and after fault clearance

5. Double-linesto ground fault

Case 3 represents a double-lines to ground faudrevhhase A and B are selected to be shorted Ingth t
ground from the time 8 sec to 8.3 sec for 300 m3Gakm distance from the point of common couplititg
following Fig.s show the effect of this fault orethrid frequency, voltage, and the wind system.
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Fig. 12 and Fig. 13 show the grid frequency andagd at the point of common coupling pre- and afier
fault, during the fault period the frequency haghhoscillations as in case 2 and the remainingageltbecome 15%
of its rated value, after the fauliearance the frequeneyd voltage come back to its rated values.
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Fig.12 frequency of the power system at the pofimommon coupling
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Fig.13 Rmsvoltage of the power system and at the point ofreom coupling pre- and after fault clearance

Fig. 14 to Fig. 16 show the active and reactive goim pu of the different machines, during the faul
period the machine active power is reduced ande¢hetive power is increased to compensate theglidge.
After the fault clearance all powers come back e pre- fault value, and the system is stable amsl d
performance similar to case 2.
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Fig.14 active and reactive power of the synchrorgarerator pre- and after fault clearance
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Fig.15 active and reactive power of the cage geoepae- and after fault clearance
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Fig.16 active and reactive power of the doublyifetliction generator pre- and after fault clearance

6. Three-line fault

Case 4 represents a three-line short circuit ngréand and to ground they are nearly the samettjbge
types of faults are a very common disturbance power system and are the most sever faults. Setio@ circuit
fault leads to sub-synchronous system oscillatitwas have to be damped before the system beconwablm
Traditionally such oscillations are damped in caortienal power plants with synchronous generatoysusing
power system stabilization with synchronous gemwesais an established technology, which is appditdver the
world [15].

A transient short circuit fault can be considerestep change, as the short circuit current conssta step
in load. If the short circuit happens close to aagator, the voltage at the generator terminalsheilsuppressed so
the generator cannot export active power, henceef@ change in generation occurs. In any case, & shiouit
upsets the balance between load and generatiorstiepachange. If, as described above, generatarotaxport
electrical power during a short circuit fault itsh accumulate the mechanical energy, with whiehprime mover
drives the generator. A rotating machine can ordguaulate energy by accelerating. Hence the gemerat
accelerate during the fault, and, after the faulktleared, it tries to export as much electricaligroas possible to
decelerate again. As a result, the rotor speekeofieénerators oscillates.

In an interconnected AC power system a fault in @& and the subsequent rotor speed oscillatiothe o
generators in this area lead to power swings (atea oscillations) between different areas invihele system.
Since the rotor in a SG rotates synchronously with stator field, the rotor speed is the same asetéctrical
frequency. Hence, rotor speed oscillations are fygduency oscillations, which have to be dampebeidre the
whole system becomes unstable. In a conventionalepglant, SG equipped with power system stabizer
dampens these oscillations. If future wind farmbssitute a considerable amount of conventional powents,
these wind farms have to be involved in the dammihgrid frequency and inter-area oscillations. described
above, and as shown in Fig.17 frequency oscillatiare caused by an imbalance between generated jpowe
consumed power. Hence, grid frequency oscillati@sswell as inter-area oscillations) can be coaated with a
controlled active power injection into the grid [5]

Simulation of the Different Transmission Line Fadtir a Grid Connected Wind .... (H.M. Abdel Mageage8)
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If wind turbines are to take over such dampingdéablkey have to have a very effective means of obtimig
their electrical output power. A common wind tumbitype is the fixed speed active-stall wind turbiwwlich has a
pitch system that allows the turbine to vary thietpiangle of the blades. If an active-stall turbisgo limit its
power, it pitches its blades to an angle whereaihbow around the blades gets detached from thfasel of the
blades and becomes turbulent, i.e. the blade §8lls

Fig. 17 and Fig. 18 show the grid frequency andagd at the point of common coupling pre- and after
fault, during the fault period the frequency hasegy high oscillations and the remaining voltagedme 5% of its
rated value, and after fauttearance the frequen@nd voltage don't come back to its rated valutee,system
become unstable and needs a type of controlersyE] to dampen the oscillations or disconnectibthe wind
turbine to avoid its failure or damage.

Fig.17 frequency of the power system at the pdimbonmon coupling pre- and after fault

Wind farms have to stay connected and stable uadphase fault with permanent isolation of thdtfau
Generally no auto-re closure is to be expectedaisecof a 3-phase fault. For 3-phase faults thecaydault
clearance time is 300 ms [3]. During the three-pHasilt, the voltage can drop to 70% of the unpbed voltage
as shown in Fig .18, for duration of up to 10 selsorEven under these conditions, the turbines fesible to
carry out the control actions required to reessibbtable operation. The wind turbines have to dqgalole of
controlling their output power.

rivslinevdtageat pac

Fig.18 Rmsvoltage of the power system and at the point ofreomcoupling pre- and after fault clearance

During the fault the voltage at the generators ieata drops and hence also the active power drops t
close to zero. Since the wind turbine controlleeslaot attempt to reduce the mechanical power inpetturbine
accelerates. This can be seen from the genergieesisaas shown in Fig.19, which increases steepigduction
generators and rapid linear in synchronous generéte generator accelerates for two reasons: @aeon is that
the rotor accumulates rotating energy during thdtfasince there is still mechanical power inpdthaugh no
power can be exported during the fault. The seceadon is that the drive train acts like a torsipring that gets
untwisted during the fault.

In practice the over speed protection system ofuH@ne would stop the turbine to pre-vent damagés
mechanical structure of the turbine would ultimateliffer severe damage from such extensive speglfatioens.
By the time the fault is cleared, the generatordwslerated considerably beyond its rated spdgd.implies that
the reactive power demand of the generator hasialso considerably as shown in Fig.20, Fig.21, Rigd22.
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Fig.21 active and reactive power of the squirrglecenduction generator pre- and after fault cleegan
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The reactive power demand of the generator letsvtiitage recover only slowly. Due to the torsiorrisgp
characteristic of the turbine drive train, the gater speed oscillates. This oscillation leadsdoillations in active
and reactive power, which in turn leads to osddlad in voltage as in Fig.4. The shown oscillatians too lightly
dampened and so they increase.

adtive pong

reedtive pong

Fig.22 active and reactive power of the doublyifetliction generator pre- and after fault clearance

7. Conclusion

It is shown in this paper that a fixed speed aesitadl wind turbine, which has only its pitch systdéo
control its output power, is capable of contribgtio the damping of power system oscillations duthé different
faults, but in case of three-phase faults the sysiscillations are very danger and may damageysters, so an
effective controller must be designed to dampenasaillations, or disconnecting the wind turbinestsyn. It is
found that damping of grid frequency oscillatiosspiossible in most of the wind speeds of the wintibes
operating range. The only control in this papea iBl controller designed here to control the turbimechanical
output power as the wind speed varied.

The three-phase short circuit of the transmissiatesn is the kind of fault leads to instabilitye.ithe grid
cannot supply enough reactive power to let theagatrecover quickly and hence suppress the osmilkat It is
shown in this paper that the doubly-fed inducti@merator is more robust and has smoother charstaterthan
squirrel-cage induction generator than synchrommumeerator respectively but needs a complicated @ositstem.

Since the rotor in the synchronous generator retsyachronously with the stator field, the rotoeesp is
the same as the electrical frequency. Hence, speed oscillations are grid frequency oscillatiantsich have to be
dampened during faults before the whole system hesounstable. In a conventional power plant, SGpped
with power system stabilizers dampens these o8oitis. In a future work a pitch controller should tesigned to
measure the grid frequency during faults and takeaction to control the pitch angle to damp trellasions .
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