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This paper investigates the impacts of the fault ride through on the
stability of fixed speed wind farm interconnected grid. The effect of fault
location and its duration time are studied for different fault types. The
contribution of Static Synchronous Compensator STATCOM to support
the fixed-speed wind farm interconnected electric grid during different
fault locations and different fault durations are investigated. Smulation
test cases usng MATLAB-Smulink are implemented on a 9 MW wind
farm exports a power to 120 KV grid. The ssimulation results show the
influence of fault location and its duration on the active power, reactive
power, and bus voltage of the wind farm.
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1. INTRODUCTION

Wind power industry is developing rapidly, more amdre wind farms are being
connected into power systems. In the next yeaesetill be more significant growth
in wind energy. Although the great development le technology of electrical
generation from wind energy, there is only one whgenerating electricity from wind
energy is to use wind turbines that convert therg@neontained in flowing air into
electricity. The most currently installed wind tumbs is fixed speed wind turbines
which utilize squirrel cage induction generatoredity connected to the grid to
produce the electricity. These induction generateinsch are usually connected at
weak end of a grid or at distribution networks didavge amount of reactive currents
during disturbances such as faults. Consequentligruthese conditions the terminal
voltage and the electrical output power are sigaiftly reduced, whereas the
mechanical torque may be still applied to the windbine and the rotor speed
increases [1]. After fault clearance the generai@eds reactive power for voltage
recovery, however this reactive power has to beleegh by network which in turn
causes a voltage drop, so the machine terminahg®ltannot be recovered. If the
voltage could be recovered and the generator sigerdt too high, torque could be
restored and the wind turbine may restore its nboparation eventually. Otherwise
the generator would continue to accelerate andrater speed and reactive power
consumption will increase, so the terminal voltdgereases further. If the rotor speed
exceeds a certain critical value the generatorbsebmes unstable, thus must be
tripped out by over speed protection devices [2]fér cases in which a large amount
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of power is supplied by generators, they are nmtast ®onnected to the grid. Therefore,
the stability becomes an important problem and reaently attracted considerable
attention [3]. Various methods of stability improvent have been presented by
researchers. The pitch control system is used mtralathe power output of the wind
turbine and also for stabilization of the wind tadbat grid faults. When a fault occurs
in the external power system, the blade-angle obotders the mechanical system to
reduce the wind turbine mechanical power to imprstability. For fixed-speed rotor
short-circuited induction generators, it is notgibke to control the input mechanical
power, and therefore the effective approach wouwddte use of reactive power
compensators such as STATCOM or SVC to help thiagelrecovery. Squirrel cage
induction generators can become easily unstablerdo@ voltage conditions, as low
terminal voltage lead to: larger rotor slip, largeactive power consumption, further
lowering of terminal voltage, and this may leadlteconnecting the turbine. Initial low
voltage conditions may be originated by conditidliféerent than faults. So that the
wind turbines can be equipped with a controllaldierse of reactive power to deliver
the reactive power required to accelerate the geltaestoration. Squirrel cage
induction generators can become easily unstablerdod voltage conditions, as low
terminal voltage lead to: larger rotor slip, largeactive power consumption, further
lowering of terminal voltage, and this may leadlisconnecting the turbine. Initial low
voltage conditions may be originated by conditidiiféerent than faults. So that the
wind turbines can be equipped with a controllaldierse of reactive power to deliver
the reactive power required to accelerate the geltaestoration [4]. Since the
induction generators do not perform voltage reguteand absorb reactive power from
the utility grid, they are often the source of agk fluctuations [5]. The ability of a
wind power plant to stay connected during distudeais important to avoid the time
of reconnection process, which need from 4 to Subeis and also to avoid cascading
disturbance due to lack of generation. Furthermibie economically convenient to
handle the fault, without disconnecting the wintbine from the grid [6], [7], [8]. It is
necessary to examine the responses of squirrel icagetion generator wind farm
during the faults and possible impacts on the systbility. In this paper, the impacts
of fault location and its duration time on 9 MW wirfiarm interconnected grid are
studied by monitoring the active power, reactiveven and bus voltage of the wind
farm. Also, the contribution of STATCOM to suppdine wind farm during different
fault locations and durations are studied.

2. MODEL OF WIND TURBINE SYSTEM
2.1 Wind Turbine Model

The mechanical power and the aerodynamic torqueloled by a wind turbine are
given by
2
PW:%V\?vindcp(/l"B) (1)

WhereP,, is the mechanical output power captured from tineine (watt), is
the air density (kg/f), r is the radius of the turbine (m),.q is the wind speed (m/s),
Cr is the power coefficient of the wind turbing,s the pitch angle and is the tip
speed ratio [5]. Where the tip speed ratio is @efias
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A= ”yr 2

Where,on, is the angular speed of turbines (rad/s). Ond@intethods used to
calculate the power coefficient®y using a generic equation is [4]:

-0.0068
Cp(/l,,l?)zo.5176(1/$— 08-% 1+ 00068 3)
|
Where™ is given by:
1 1 0.035
AT A+0.088 B4 “)

2.2 Generators Model

According to a standard per-unit notation [9], ve synchronously rotating frame, the
induction generator can be represented by theldétdifferential equations of the flux
linkages. All stator and rotor quantities are ia #rbitrary two-axis reference frame (d-
g frame). The used subscripts are defined as fellav d axis quantity, q: q axis
quantity, r: rotor quantity, s: stator quantity.

1

Vad = Ry _wswsq +E My ()
Vg =Ry g + o Mg (6)
Vid = Rilrg _swsqu +% P @)
Vrq T 'Rrirq sy +% p’/’rq (8)

Wherews is the synchronous speed (in per-unit=1); wg is the system base
frequency which is equal to the synchronous frequans =2xf; p is the d/dt operator.
The electromagnetic torque, 3an be expressed as

T, = Lm(isdirq —isqird) (9)
The constitutive flux linkage current relationshipe
Vey =Ly ~ Linlirg (10)
Ve = Ledg ~Lmirg (11)
g = "Lisd ~Lerird (12)
Vet = Lol ~Lirirg (13)

Where, lgsis the summation of leakage inductan¢and mutual inductance, L

Considered generators are usually represented \adtage source behind
transient impedance in power system stability stsidihe detailed transient model of
SCIG can be established as (where the d and q cmmpoof rotor voltage are zero,
respectively).
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X =R+ XX
s sd S TO sd Sq (14)
1
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Where,
2
_ o lmyo+ _ L oo _awslm, . - _ Wlm
X =wglegr X' =wg(leg m)' TO_%Rr By = Ly qu’ Eq Ly Vg

2.3 Drive Train Model

Considering the features of low stiffness of thefstbetween the turbine and
generator, the two-mass drive train models carxpeessed as
[

dwy _
2Hy —4 =T~ Kb, (18)
dag _
2HG =7 =K To (29)
dé
d—ts = wp ~ (0 ~@g) (20)

where,Hy andHg are the inertia constant of the wind turbine raod the generator
rotor respectivelywy andwg are the wind turbine and generator speed respdetiis
is the shaft stiffness ard is the shaft tensional twist angle.

3. STATCOM MODEL

Figure 1 shows the basic model of a STATCOM coretedd the wind farm bus
through a coupling transformer. The STATCOM is desid using a power electronic
voltage source converter VSC. The function of ti&C\Ms a fully controllable voltage
source matching the system voltage in phase, freayy@nd with amplitude which can
be continuously and rapidly controlled, so as tabed as the tool for reactive power
control.

The VSC can inject or absorb reactive power taffrthe bus where it is
connected via a coupling transformer. The outputhefcontroller Qc is controllable
which is proportional to the voltage magnitude eliéince (Vc -V) and is given by the
following equation

VM-V
Q. - (V;:( ) 1J2
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Fig. 1: Basic model of a STATCOM

4. CASE STUDY
4.1 Studied System Description

Figure 2 shows a single line diagram of a typiceed speed wind power plant under
study. A simulation model of a wind farm consistiofgsix 1.5 MW wind turbines is
connected to a 25 kV distribution system exportsgyao a 120 kV grid through a 25
kV feeder. The 9 MW wind farm is simulated by thyesrs of 1.5 MW SCIG wind
turbines. The stator winding is connected direttiythe 60 Hz grid and the rotor is
driven by a variable pitch wind turbine. The pithgle is controlled in order to limit
the generator output power at its nominal valuesimds exceeding the nominal speed
(9 m/s). Fixed capacitor banks are connected atvialitage bus of each wind turbine
(400 KVAR for each pair of 1.5 MW turbines) whichpplies the constant no load
demand. The simulation model is carried out usivegMATLAB SimPowerSystems
toolbox. The bus B25 is the main bus (collected lofishe wind farm which connects
the wind farm with the grid, so in this paper thiss is taken as the monitoring point of
the whole studied wind farm.

The monitoring equipments (measurement equipmeanésplaced at the main
bus B25 for monitoring: the total exported (genedatactive power from the wind
farm to the grid, the total absorbed reactive powem the grid and the terminal
voltage at the main bus of the wind farm. Each wundbine has a protection system
monitoring voltage, current and generator spee@. Sét parameters of the protection
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system are illustrated in Appendix A. The wind famuast stay connected during fault,
with the voltage at interconnection point dropptagzero for the duration of nine
cycles (150 ms based on 60 Hz frequency) [10]. Timse is generally needed for the
transmission system protective equipment to clbarfault. Therefore, to study the
effect of fault duration it must not exceed tha@ms.

4.2 Simulation Scenario

The system is studied at steady state conditionfamd state condition. At the fault
state, the voltage, active power and reactive p@anemonitored at collected bus B25.
The behavior of the wind power plant is recordedrdufault events, including pre-
faults and post-fault events. The studied wind faparates at the nominal wind speed
of 9 m/s, so the wind turbines operate at nomiadles. During fault period, it can be
assumed that the wind speed does not change.

To study the effect of fault location, the simubatiis performed when the fault
occurs at points P1 and P2 as shown in Fig. 2.fif$tefault location at the point P1
about 1 km from the wind turbines and the secontt facation at the point P2, about
25 km from the main wind farm collected bus B25.this paper, the fault duration
times are varied between 80 ms and 150 ms. Themyiststudied twice: one without
STATCOM connection, and the other with STATCOM ceciion.

1 Km long
575V/25 KV Bus “B25"

—|_400 KVAR Infinite Bus

25/120 KV 120 KV transmission line

25 Km long I
[co I:I-GD'—'@:} - P2 @
_@ }@ —|_400 KVAR \ ’
i cB I:IQD'—

_@ }@ —|_400 KVAR

9 MW wind farm

Protection 3 MVAR
System STATCOM

Fig. 2: Single line diagram of the studied system

5. SIMULATION RESULTS AND ANALYSIS

The effect of fault location and its duration oe stability of the wind farm connected
grid are studied for different fault types as sinfjhe to ground fault, double line to
ground fault, and three-line to ground fault. Todst the effect of fault location on the
behavior of the wind farm, the operation of the dvfiarm under different fault types
are monitored twice, one when the fault occur$atfirst fault location P1 about 1 km
from wind turbines, and the other when the faulturs at the second fault location P2
about 26 km from wind turbines. Also, to study #fgect of fault duration time on the



IMPACT OF FAULT LOCATION AND DURATION ... 151

behavior of the wind farm, the operation of the avifarm under different fault
duration times is monitored when the fault occursha point P1. The fault duration
time is varied between 80 and 150 ms. The effe@ 8fMVAR STATCOM on the

behavior of the wind farm is studied for all cases.

5.1 Effect of Fault Location

Figure 3 shows the variation of wind farm termimaltage, generated active power,
and absorbed reactive power when a single linedorgl fault occurs at the points P1
and P2. During fault period, the voltage of themiails B25 is decreased to 0.8017 pu
when the fault occurs at point P1, and it decrets@s8541 pu when the fault occurs
at point P2. Also, the total exported active poatebus B25 decreases to 7.8329 MW
when the fault occurs at point P1, and it decreas@8523 MW when the fault occurs
at point P2. The total absorbed reactive power filoengrid at the post fault period is
increased; this increasing when the fault occursoait P1 is 4.4041 MVAR while in
the case of second fault location P2, it is inaedas 4.0937 MVAR. As shown in Fig.
3, it is clear that the wind power plant has thiitglio stay connected under this fault
condition without STATCOM connection either whee flault occurs at P1 or P2.
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Fig. 3: The variations of the voltage, active poveard total absorbed reactive power
during single line to ground fault at different falocations — without STATCOM.

Figure 4 shows the variation of wind farm termimaltage, generated active
power and absorbed reactive power in case of slimgeto ground fault occurs at the
points P1 and P2 in present of STATCOM. During f@elriod, the voltage of the main
bus B25 is decreased to 0.8542 pu when the facitre@t point P1, and it decreases to
0.9150 pu when the fault occurs at point P2. Atke,total exported active power at
bus B25 decreases to 7.9821 MW when the fault s@upoint P1, and it decreases to
8.0014 MW when the fault occurs at point P2. Thaltabsorbed reactive power from
the grid at the post fault period is increaseds thcreasing when the fault occurs at
point P1 is 2.1884 MVAR while in the case of secéadt location P2 it is increased
to 1.9884 MVAR. It is clear that, the STATCOM enhas the wind farm terminal
voltage. Also the absorbed reactive power fromgitiet is decreased.
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Fig. 4: The variations of the voltage, active paoveard total absorbed reactive power
during single line to ground fault at different kalocations — with STATCOM.

Figure 5 shows the variation of wind farm termimaltage, generated active
power and absorbed reactive power in case of dding¢o ground fault occurs at the
points P1 and P2. During fault period, the voltagéhe main bus B25 is decreased to
0.4035 pu when the fault occurs at point P1, ardkdreases to 0.5499 pu when the
fault occurs at point P2. Also, the total exporéetive power at bus B25 decreases to
3.8244 MW when the fault occurs at point P1, andeitreases to 4.9580 MW when
the fault occurs at point P2. The total absorbedtiee power from the grid at the post
fault period is increased; this increasing when the fault occurs at point P1 is 6.3629
MVAR, while in the case of second fault locationiP® increased to 5.734 MVAR.

As shown in Fig. 5, it is clear that the wind poyéant has the ability to stay
connected to grid in case of double line to grodadlt without STATCOM
connection, either when the fault occurs at th&t fawlt location P1 or when the fault
occurs at the second fault location P2, then abtite cases after the end of post fault
period, the system returns back to steady statetipe as the pre-fault period.

Figure 6 shows the variation of wind farm termimealtage, generated active
power and absorbed reactive power when a doubdetdinground fault occurs at the
points P1 and P2 in present of STATCOM. Duringtfaelriod, the voltage of the main
bus B25 is decreased to 0.4336 pu when the facitre@t point P1, and it decreases to
0.6061 pu when the fault occurs at point P2. Atke,total exported active power at
bus B25 decreases to 3.9451 MW when the fault saupoint P1, and it decreases to
5.4154 MW when the fault occurs at point P2. Thaltabsorbed reactive power from
the grid at the post fault period is increaseds thcreasing when the fault occurs at
point P1 is 4.0008 MVAR while in the case of secéedt location P2 it is increased
to 3.1033 MVAR.
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Fig. 6: The variations of the voltage, active paveard total absorbed reactive power
during double line to ground fault at different fdocations — with STATCOM.

The effect of three-line to ground fault on the d&dbr of the wind farm is
shown in Fig. 7 and Fig. 8. As shown in Fig. 7 whba system operates without
STATCOM, the main bus voltage falls to zero whes fdwlt occurs at point P1, and it
decreases to 0.2171 pu when the fault occurs at 2. Also, the total exported
active power at bus B25 falls to zero when thetfagcurs at point P1, so the
protection system trips the wind farm because theeu voltage duration time
exceeding the protection delay time. The generatéide power decreases to 0.8594
MW when the fault occurs at point P2. During pamtilf period the total absorbed
reactive power from the grid is -1.2735 MVAR whée fault occurs at point P1, it is
the reactive power which generated by the fixedacapr. When the fault occurs at
point P2, the absorbed reactive power is increasetl6580 MVAR. It is clear that,
when the STATCOM is disconnected the wind farm carstay connected to the grid

in case of three line to ground fault occurs anp®ll but it has the ability to stay
connected to the grid when the fault occurs attg®ih
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Fig. 7: The variations of the voltage, active povesrd total absorbed reactive power
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Figure 8 shows the effect of three-line to grouadltf on the wind farm
behavior when the STATCOM is connected. During tfandriod, the voltage of the
main bus B25 falls to zero when the fault occurpaimt P1 and it decreases to 0.2742
pu when the fault occurs at point P2. Also, thaltekported active power at bus B25
falls to zero when the fault occurs at point PH émlecreases to 1.2666 MW when the
fault occurs at point P2. The total absorbed reaqgiower from the grid at the post
fault period is increased; this increasing when the fault occurs at point P1 is 6.1798
MVAR, while in the case of second fault location iP’ increased to 5.1214 MVAR.
When the STATCOM is connected the wind power faras the ability to stay
connected under three-line to ground fault when fthdt occurs at the first fault
location P1 or when the fault occurs at the sedantl location P2. In the presence of
STATCOM, the main bus voltage collapse time is tess the protection system delay
time, therefore the wind farm stay connected togttiek
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5.2 Effect of Fault Duration

In this section the effect of fault duration tingestudied for the different fault types.
Fig. 9 shows the behavior of the wind farm whernngle line to ground fault occurs
for 88 ms and 150 ms duration times. As shown m B during fault period the
voltage of the main bus B25 is decreased to 0.8@1When the fault duration time is
88 ms, and it is decreased to 0.7929 pu when tiiedaration time is 150 ms. Also,
the total exported active power from the wind fasndecreased, this decreasing in the
case of 88 ms is 7.8330 MW and it decreases t@®3.68N in the case of 150 ms fault
duration. During post fault period, the total altsat reactive power from the grid is
increased to 4.4041 MVAR in the case of 88 ms fdultation, and it increases to
4.8292 MVAR in the case of 150 ms fault duratidnislclear that, the wind power
plant has the ability to stay connected under féigt condition without STATCOM
connection either when the fault occurs for 88 msl%0 ms, so at both cases the
system returns back to steady state operation.

—single Ime to ground fault for 88ms (without STATCOM)
===single line to ground fault for 150ms (without STATCOM)

Voltage (pu)

—single Ime to ground fault for 88ms (without STATCOM)
===single line to ground fault for 150ms (without STATCOM)

Active Power (MW)

~
2]

-----

1
17 175 18 18.5
T
|
L

== single line to ground fault for 88ms (without STATCOM)
===single line to ground fault for 150ms (without STATCOM)

| |

L L L L L
15 155 16 16.5 17 175 18 18.5
Time (sec)

Fig. 9: The variations of the voltage, active paveard total absorbed reactive power
during single line to ground fault at different fadurations — without STATCOM.

Reactive Power (MVAR)
N IS
T T
| |
| |

= —

|
S
|

|

|

|

[
|

|

|
i
TN,

|

|

|

|

|

T —="F

|

|

|

|

|

|

-~

|

|

|

|

|

|

|

B

|

|

|

|

|

|

-~

|

|

|

|

Figure 10 shows the effect of fault duration tinretbe behavior of the wind
farm in presence of STATCOM in case of single ltneground fault. During fault
period, the voltage of the main bus B25 is decidse0.8543 pu when the fault
duration is 88 ms, and it decreases to 0.8466 @mnwuhe fault duration time is 150 ms.
Also, the total exported active power from the wfadn is decreased to 7.9821 MW
in case of 88 ms fault duration, and it decreasés3162 MW in case of 150 ms fault
duration. During post fault period, the total altmut reactive power from the grid is
increased to 2.1831 MVAR in case of 88 ms faultatlon, and it increases to 2.3033
MVAR in case of 150 ms fault duration. It is cld¢hat, in case of single line to ground
fault, the wind power farm has the ability to staynnected under this fault condition
with and without 3 MVAR STATCOM connection eithehen the fault occurs for 88

ms or 150 ms. Also, the system returns back talgtstate operation after clearing the
fault.
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Fig. 10: The variations of the voltage, active povead total absorbed reactive power
during single line to ground fault at different fadurations — with STATCOM.

Figure 11 shows the behavior of the wind farm with8 TATCOM when a
double line to ground fault occurs for 88 ms andn® duration times. As shown in
Fig. 11, during fault period the voltage of the mhus B25 is decreased to 0.4035 pu
when the fault duration times are 88 ms and 97 Wisen the fault duration time is
equal or more than 97 ms the protection systers thp wind farm and the generated
active power falls to zero. During post fault peridhe absorbed reactive power
increased to 6.3629 MVAR in case of 88 ms faultation. In case of 97 ms fault
duration, the measured reactive power value i¥3BMVAR, it is the reactive power
generated by the fixed capacitor bank, and it ldadenhancing of the bus voltage
value.

Figure 12 shows the effect of double line to grotedt duration time on the
behavior of the wind farm in the presence of STATNMCMuring fault period, the
voltage of the main bus is decreased to 0.4336hmnvhe fault duration is 88 ms, and
it decreases to 0.4302 pu when the fault duratioa ts 97 ms. Also, the total exported
active power from the wind farm is decreased tal219MW in case of 88 ms fault
duration, and it decreases to 3.1095 MW in cas@/ams fault duration. During post
fault period, the total absorbed reactive powemfrine grid is increased to 4.0008
MVAR in case of 88 ms fault duration, and it ingeato 4.2877 MVAR in case of 97
ms fault duration. It is clear that, in case of bledine to ground fault, the wind power
farm has the ability to stay connected under thisltfcondition with and without
STATCOM connection either when the fault occurs88rms or 97 ms fault duration
time. Also, the system returns back to steady siaéeation after clearing the fault.
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Fig. 11: The variations of the voltage, active povead total absorbed reactive power
during double line to ground fault at different lfadurations — without STATCOM.
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Fig. 12: The variations of the voltage, active povead total absorbed reactive power
during double line to ground fault at different ffadurations — with STATCOM.
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Figure 13 shows the behavior of the wind farm with8§ TATCOM when a
three line to ground fault occurs for 80 ms andn@8 duration times. During fault
period, the voltage of the main bus B25 falls tmaehen the fault duration times are
80 ms and 88 ms. When the fault duration time igsab@r more than 88 ms the
protection system trips the wind farm and the gateer active power falls to zero.



158 Omar Noureldeen, Mahmoud Rihan, and Barkat Hasanin

|
| (BRI three line to ground fault for 80ms (without STATCOM)}»
|

— three line to ground fault for 88ms (without STATCOM)
: T T

0 — == 7 — R T T e T e T T T T S T T DT —

---- three line to ground fault for 80ms (without STATCOM)
| | =three line to ground fault for 88ms (without STATCOM)
! ! !

| | |
175 18 185

o ®

three line to ground fault for 80ms (without STATCOM){

~
|
|
|
|
|
|
I
[
4
£
£
I
]
i
i
El
El
i
i
K
J
]
H
)
]
|
|
|
!
|
|

L oo o~

Reactive Power (MVAR) Active Power (MW)

Time (sec)

Fig. 13: The variations of the voltage, active povaad total absorbed reactive power
during three-line to ground fault at different fadiirations — without STATCOM.

During post fault period, the absorbed reactive gromcreased to 7.9810
MVAR for 80 ms fault duration. Where, the measuredlctive power value is -1.2735
MVAR in the case of 97 ms fault duration and itded@o enhancing of the bus voltage
value as shown in Fig. 13. When the STATCOM is als®cted, in case of three-line
to ground fault with duration time of 88 ms, thendifarm cannot stay connected to
the grid and the protection system trips it from ¢gnid.

Figure 14 shows the effect of three-line to grodendt duration time on the
behavior of the wind farm in the presence of STAMCuring fault period, the
voltage of the main bus and the measured activeepoearly falls to zero in cases of
80 ms and 88 ms fault duration times. During pestitfperiod, the total absorbed
reactive power from the grid is increased to 5.7888AR in case of 80 ms fault
duration, and it increases to 6.1798 MVAR in cak8&ms fault duration. It is clear
that, in case of three line to ground fault, thedvpower farm has the ability to stay
connected under this fault condition with and with&TATCOM connection either
when the fault occurs for 80 ms or 88 ms duratioret Also, the system returns back
to steady state operation after clearing the fault.

o — — — — — — — e — I

I I I
----- three line to ground fault for 80ms (with STATCOM)| _ |
=three line to ground fault for 88ms (with STATCOM)

| | |

Voltage (pu)
o
@

L L L
175 18 18.5

o

[N
n

N
=)
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L
|
|
|

[}

=)

6

4
2
0
2

Reactive Power (MVAR)  Active Power (MW)
©
T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Ll
|
|
|
|

Time (sec)

Fig. 14: The variations of the voltage, active povead total absorbed reactive power
during three-line to ground fault at different fadiirations — with STATCOM.
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6. CONCLUSIONS

The effect of fault location and fault duration émn the behavior of the wind farm
interconnected grid during different fault typessisidied. Also, the impacts of the
static synchronous compensator STATCOM on the Igialwif the system during
different fault locations and different fault ducat times are studied. A simulation
model of 9 MW SCIG wind farm interconnected gridingestigated. The wind farm
terminal voltage, the exported active power, angl dibsorbed reactive power are
monitored in steady state and fault state conditiofhe fault occurs at two fault
locations P1 and P2, where P1 is located at 1 km fwind turbines and P2 is located
at 26 km from wind turbines. By studying the effettfault location, in the cases of
single line to ground fault and double line to grddault, the wind farm has the ability
to stay connected under fault condition with orheiit STATCOM connection either
when the fault occurs at points Plor P2 for 88 mnstibn time. But in the case of
three-line to ground fault with or without STATCOfMe wind farm has ability to stay
connected to the grid when the fault occurs atpi@t P2. In case of three-line to
ground fault occurs at the point P1, the wind faan stay connected to the grid only
when the STATCOM is connected. By studying the affef fault duration time, in
case of single line to ground fault, the wind fazam stay connected to the grid in case
of 80 ms and 150 ms fault duration times when ystesn operates with or without
STATCOM. In case of double line to ground fault,emhthe system operates without
STATCOM, the protection system trips the wind fatte to under-voltage condition
in case of fault duration time equals or exceeds ®7 ms. But when the STATCOM
is connected, the system can return back to stetadg and the wind farm can stay
connected to the grid. In case of three line taugdofault, when the system operates
without STATCOM, the protection system trips thendvifarm due to under-voltage
condition in case of fault duration time equalsesceeds than 88 ms. But when the
STATCOM is connected, the system can return badcktdady state and the wind farm
can stay connected to the grid. Finally, for thedstd cases, in the presence of
STATCOM the wind farm can stay connected to thel grhen the fault location
closed to the wind farm or when the fault duratiome is increased.

APPENDIX A

The protection set parameters of SCIG wind turbine

Minimum value | Maximum value | Delay time
Parameter
(pu) (pu) (sec)
AC under/over voltage 0.75 1.1 0.1
Under/over rotor speed 1 1.05 5
Parameter Maximum value (pu) Delay time (sec)
AC current 1.1 10
AC current unbalance 0.4 0.2
Voltage unbalance 0.05 0.2




160

Omar Noureldeen, Mahmoud Rihan, and Barkat Hasanin

[1]
[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

REFERENCES

M.R. Patel, Wind and solar power systems, W®rchant Marine Academy,
Kings Point, New York, 1999.

V. Akhmatov, H. Knudsen, A. H. Nielsen, J. Kedersen, N. K. Poulsen,
Modelling and transient stability of large wind rf#, International journal of
electrical power and energy systems 25(2), 200319g-144.

Z. Chen, Y. Hu, F. Blaabjerg, Stability impewent of induction generator-based
wind turbine systems”, IET Renewable Power Genemati, (1), 2007, pp. 81-93.
O. Noureldeen, Characteristics of fixed sp@edd turbines interconnected grid
during wind speed variations", 13th Middle East Bovgystems Conference
MEPCON, 2009, pp. 220-225.

H. Livani, M. Bandarabadi, Y. Alinejad, Imprement of fault ride-through
capability in wind farms using VSC-HVDC, Europeaauthal of Scientific
Research 28, (3), 2009, pp. 328-337.

A. A. El-Sattar, N. H. Saad, M. Z. Shams ElimeDynamic response of doubly
fed induction generator variable speed wind turbiSeience direct, electric
power system research (78), 2008, pp. 1240-1246.

F. lov, A. Daniela Hansen, P. Sorensen, FaBjerg, Wind turbine block-set in
MATLAB/Simulink, Aalborg university and RIS@ natiahlaboratory, 2004.

C. Chompoo, C. Yingvivatanapong, K. Methaprayp Reactive compensation
techniques to improve the ride-through capabiliy vaind turbines during
disturbance, IEEE transactions on industry appboat41, (3), 2005, pp. 666-
672.

D. J. Trudnowski, A. Gentile, J. M. Khan, E..NPetritz, Fixed-speed wind-
generator and wind-park modelling for transienbsity studies, IEEE Trans. on
Power Systems 19, (4), 2004, pp. 1911-1917.

E. Muljadi, Z. Mills, R. Fosser, J. Conto, Bllis, Fault Analysis at a wind power
plant for one year observation, IEEE Power and ggn8ociety General Meeting,
2008.

Auilly Lagal) sl dejie i Ao Aiall) Alday puadll Eigan olSa il
Ay @ A Al Alidie A4l Aepu @l Ly Aede Dbl o il @bl Guy Gad) 13
el i) 5yl liasra AL Al & L peaill (ge Adlide g 1Y oylpaind Baay sl lSa il
S gl & V) Al el bae IS dilide oSl de il Gigaa die )l de) e
120 s¢n i3 A3y dlaase @y lage 9 g 1y deyial @lldy (MATLAB ) ali Alanlyy Lelisad
s Aladll e 5yall5 Aladl) 5080 e oyt Baay pailll e 5l g Jhall miln cild LS

-zl de)ie



