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ABSTRACT

With the increase of DG in distribution network, good management of these systems is faced with new challenges.
One of the most DG sources is doubly-fed induction generator (DFIG). By connecting them, the short circuit level
(SCL) of network has been increased and it may be exceeded over the capacity of equipment such as breaker. So
reliability will reduce in compare with the absence of DFIG in the network. In this paper, the superconducting
fault current limiter (SC-FCL) has been used as a new technology for reducing large fault currents, increased
security, reliability and stability of DFIG transient. Dynamic Model of SC-FCL is simulated with regard to all
basic details including control algorithms, sequence of operation and error detection techniques in
(PSCAD/EMTDC) software. Different cases with DFIG connected to the network and the impact of SC-FCL on it
have been investigated. The result show that SC-FCL limits the fault current contribution of DFIG to a certain
amount (that is improve the security and transient stability of DFIG during short circuit in the network) and
operates as a compensator in such situation. Voltage sag as a very important index in power quality improves at
the point of DFIG connection to grid.
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INTRODUCTION

Due to the increases in energy demand and envinot@inehanges, the capacity of DG sources that mainl
connected to the distribution networks, is deveigpil]. Wind-turbine based generation system (WTGS)
represents one of the renewable energy sourcestdilre rapid development and increasing the capaéithe
resource, the short-circuit current level increadasng the fault occurrence [1-3]. That would beating a
negative impact on the basic Parameters of powstesy (such as transient stability) at the pointtlodir
connection to the network. Moreover, the perforneant protective equipment such as circuit breakeay also
be affected. In such circumstances, the capacighoft circuit protective equipment in the netwahkpuld be fit
proportional to new short circuit level or replaceith new equipment. One of the most fault curreontrol
methods is network topology reconfiguration andakrsystem into several smaller parts. This metsaaffected
system characteristic and stability. Another waydézrease fault current is usage of fault currenitér (FCL).
This device is consist of two types; resistive amlictive. Resistive type is simpler and more coctfeom the
point of structural view. This kind is more congielé because of its affectivity, especially aftqridadevelopment
in producing second generation superconductor wigsl{3-11]. It is possible to reach more benefitsplacing
SC-FCL in proper location of network. Some of thadgantages are as follows [1-2]:

* Reduce fault current to a tolerable level for instent.

» Avoid replacing of existing breakers with highettowg capacity ones.

« Possibility of transformer installation with a lampedance that leads to lower investment cost.

« Prevent of network bus splitting.

« Increase system stability.
One solution to reduce increased short-circuitentrin network with DFIG during the fault is use ®€-FCL.
This device has no losses in normal operation anddcbe active at the first cycle of fault curreapidly and
prevented the increase in short-circuit currenthef network.This will be subject to improve systeeturity and
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transient stability due to the current limiting. Sbis paper presents an accurate dynamic mode
superconducting limiter in order to reduce s-circuits current of FIG and improves its behavi

DYNAMIC MODELING OF SC-FCL

Basic parameters that effected SCL characteristics are as follo
Fault current (,), time duration of fault4;), tolerable temperature of superconductor windigkof these ar¢
related together in 1 to 3 [5]:
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Since the most high shoetrcuit current is due to-phase symmetrical fault, so the resistance o-FCL is
determined under such situation. In a balancedsyédike as index A, resistance value for-phase fault in bus k
is calculated as:

z5
Zy+ ZWS
Dynamic model of SG-CL with consideration of some basic indices sushcantrol operation algorithr
activation time and fault detection techniques baen simulated in PSCAD/EMTDC. So this model repnés

specifications and reddehavior of S-FCL at the fault stages. Resistance of BT is function of temperatui
degree as below [12]:

(4)

Zge-FoL =

Rec-roL = Ro x (- e®Tse-re o)) (5)
That Ryis SC max resistance in quenching mode and B ipe¢eature adaptive fact

In this paper, a variable 1istor is used for the modeling of superconductingdings. In large fault currents, tl
resistance of S&CL has been increased. The variable resistorrissmall (about 0.01 ohms) in normal operat
of network and begin to rise with a certain slop00 ms / ohms) during the fault. Model and Timinggtam ol
the various intervals have been shown in fi-2) respectively.

The sequence of SEEL function at various time intervals can be espeal as follow:

1. At t <t Steady state line to line current passes of RoaedIS(-FCL resistance value is almost z

2. At t=t; fault is detected and control system activatessthiéch at -2 ms interval, at the moment (, switch is
opened , fault current passes of Routind variable resistance value is began to

3. At ts=t,+2 ms,the resistance of &-FCL, began to rise until it reaches the maximunug

4. At t,, when the fault is cleared, control circuit actesthe switch and resistance value starts to sediith a
high gradient.

5. At ts, variable resistance reaches to its initial vdR,)
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Fig.1 SC_FCL simple power circuit diagram Fig.2Performance diagram of SC-FCL at varioustimeintervals
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Fig. 4 (c) Bus A voltage sag reduction rate for 3-phasefault to Fig. 4 (d) SC-FCL dynamic responsefor 3-phase fault to ground
ground in busB inbusB

To study the characteristics and performance ofiteationed S-FCL in terms of operating time and its ability

reduce fault arrents, the model is investigated on tested neétwadrFig.3. Information of given network
available in [13].

According to Fig.3, SG-CL has been placed between A and B buses for glaabe that is shown by R-FCL
the network impedances areladow:

Z,=0.26+)318Q

Zg =035+ )33Q
SC+CL Activation procedure is based on proposed d@lgor The proposed algorithm is then started whbe
current magnitude (Irms) and the rate of changeuofent di/dt) is monitoredduring the entire simulation tim
After achieving some steady state operating poiht@e phas-to-ground fault is inserted into the system exte
to the FCL. As soon as the fault is inserted, thegmitude of the line current jumps up instantanky and
achieves a new steady state value as long asuhést@resent. However, in order to make sure thearte is indee:
a fault in the distribution system and that thei&asce is not falsely triggered, the rate of cleaofcurrent is als
monitored. A fault will change the rate instantaneouslyteAfsetting the necessary flags, the Resistanariped
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up at a rate Rslop@). As long as the fault is present, the Resistamitlekeep increasing till a maximum val
Rmax(2). After the fault is clead the Resistance will be ramped down to the Initig@edance. This cycle tak
place whenever there is a fault. Results show 8G-FCL is able to reduce fault current amplitude altme®
percent when a Bhase symmetrical fault is in bus B (Fig.-4D). Furthermore S&CL operates as a voltage
amplifier (booster) so that voltage profile in bdss improved, during -phase symmetrical fault in bus B.TI
device acts as a stabilizer in order to recoveapdient stability and voltage stability durince fault and also
reduces voltage sag (important index of power tyal bus A

DFIG MODELLING

Among the different types of production systemsebasn wind energy, dout-fed wind turbine (DFIG), are mo
commonly used because of its unique feattDFIG consists of a doubly fed induction generatord a variable
frequency converter. The stator and the rotor avanected to the network directly and via a conwe
respectively. The major property of DFIG is produrdf power with constant frequer in variable speed. This is
very important in wind energy unit commitment.dtédlso possible to recycle the rotor power at trez=ds highe
than synchronous speed and inject it to the netwoduch system. Power direction in rotor windingbilaterd
and in stator ones is toward network. To achieeeahove circumstances édirectional converter is used in t
rotor. Power of applied transducer is a fractiortha total machine power which is an advantage. diiginal
configuration of doubly-feavind turbine system is shown in Fig

Fig.50verview of DFIG system

In this paper proposed model of [6], is used fodeiting of DFIG. Mechanical power from wind energgn be
calculated according to Equatios]:

1
Pt =5 PAVuCp (6)

The considered model of the DFIG, including turbinesarpoxes, shafts and other mechanical parts ofvihe
turbine, which is mostly expressed with a seorder mechanical model as shown below [

d
Tt =2Hr d_vvr (7
t
Tree = Dinec W, ~Wo) + Kinee [ (W, ~Wg ) ®)
d
Tmect, =2Hg =" (©)
t

In the above equations, (J is themechanical torque of wind turbine rotor shaft,e) is the mechanical torque
generator shaft, ¢J is electric generator torque,n.. and K. are damping and stiffness coefficients
mechanical connections respectiveDetails about the DFIG and its mathematical modglhr¢ available in [6-9].

SIMULATION AND NUMERICAL RESULTS

To evaluate the effect of SBEL on DFIG units connected to the network, twofed#nt cases have be
investigated. In the first case, a 10 MW wind famich consists of five 2 MW DFIG units, is connetttto the
typical standard single machine infinbus (SMIB) network of IEEE. The wind speed was kapistant at 13 m/:
Thus there is no change in the wind turbine oupmuter versus wind speed changes. Then a-phase to ground
fault with duration of 0.01 seconds is appliedrtbriite bus, and wid farm behavior has been investigated witt
SC+CL during symmetrical short circuit at infinite ©un the second case, by placing the-FCL between wind
farms and infinite bus as in Fig.6, the behaviobD&1G Wind Turbines is studied during symmeal short circuit
at infinite bus. Resistance value intended fol-FCL in this case, reaches to the maximum of 2 (ohftgr
guenching that is a decent amount according tcshimet circuit capacity of studied grid. A comparidoas beel
performed betweethe phase A current amplitude at the connectiontpafi wind farms to the infinite bus, outp
active power of the wind farm, voltage sag in pahiwind farms connected to infinite bus, the rospeed, th
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phase A effective current of the rotor and dle capacitor voltage in DFIG converter in the pres or absence
SC+CL at connection point of wind farm and infinitasand results is shown in F7-A till Fig. 7-F. According
to the results, the amplitude of the phase A, dfterplacing S-FCL between the network and the wind farn
reduced to 50% at fault. As a result the fault entiis not exceeding than the short circuit capaafithe network
protection equipment (such as breaker), that it wdrease the security and reliability ole protection system.
Wind farm output active power and its voltage at tonnection point to infinite bus is opposite yaduring
symmetrical short circuit, with the -FCL located at this point, which can improve thensient stability of th:
system. According to fig D, DFIG rotor speed damped faster by placin¢-FCL between wind farm and infini
bus and reaches its steastgte with less volatility. The voltage of midalapacitor has minor changes in prese
of SCFCL in compare with its absce. So the value of effective current in rotor gh@&sdecreased about !
percent. This will help the wind farm to remaintde.

Infinite bus

R
SC-FCL :
vy Grid
Connection

Fig.6 Wind farm connection to infinite bus via SC-FCL
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CONCLUSION

In this paper the behavior of dou-fed wind turbines (DFIG) connected to the grid ieyanmetrical thre-phase
short circuit to ground fault were examined usir®JAD / EMTDC software. By connecting the wind tumg$ to
the grid, the fault current is exeded than the short circuit capacity of the netwaptection equipment (such

breaker), Which can affect the performance of dujgipment and it will decrease the security andbdity of the
protection system. In this paper, the supercondgdault current limiter (SG=CL) was used to solve the abc
problem. Therefore, the SBECL, with all the details, including function coaltralgorithm and activation time

simulated in PSCAD / EMTDC and its characteriswere tested for a prototype system. The obtained re
show that the proposed model can simulate the dignaehavior of S-FCL before, during and after a st-

circuit fault correctly.

Then, two different scenarios by connecting windrf@onsists of DFIC units to infinite bus, one without the -
FCL, and another by placing SEEL between the wind farm and the grid was studfertording to the result:
SC+CL is able to reduce the sh-circuit current of the wind farm up to 50%, whicbutd improve theransient
stability and security of the wind farm DFIG unithien connecting to the main gl
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Fig. 8 The equivalent circuit for SC-FCL impedance calculation in symmetrical three-phase fault
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