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Abstract — The high penetration of wind power power system and wind generator respectively. In
systems in the electrical network has introduced me  section IV, the detail case studies focusing on the
issues in the stability and transient operation ofhe grid. impacts of fixed speed grid-connected wind farms on

This paper provides an assessment of wind power effs |zpp 30 pys test system are carried out. Finally th
on the transient stability of a power system. The wad .\ ions are summarized in Section V.
generators considered are the squirrel cage induah

generator (SCIG), which is a fixed speed. The numeral
simulations on the IEEE-30 bus test system are

conducted to discuss the influence of penetratioeVel of .
SCIG based wind generators on power system transien The power system model consists of synchronous
stability. generator, transmission network and static load

models, which are presented below.
Keywords — squirrel cage induction generator (SCIG), wind  The machine classical electromechanical model is

[I. POWERSYSTEM MODELING

Generator, Transient stability, Wind generator. represented by the following differential equations
[6]:
I. INTRODUCTION dg
- a4
Recently due to the incremental rate of 1)

using wind power has received much interestdt® H,
considerable attention all over the world. A huge do
number of wind farms are going to be connected wittWhereP, =D —
the existing network in the near future. Wind dt

generators are primarily classified as fixed speed D IS the generator dampmg coefficient; H is the
inertia constant of machine expected on the common

variable speed. Due to its low maintenance cost an o NN
. ; . . ) VA base; R, is the mechanical input power ang P
simple construction, induction generator is mostly.

qf ind tion I1 is the electrical output.
used for wind power genera |0n_[ ] . The transmission network model is described by
One of important issues engineers have to face ig,o steady-state matrix equation:

the impact of wind power penetration on the tramisie | —vyy, )
stability of an existing interconnected Iarge-scanNhere | is the injections current vector to the

power system. Transient stability —entails thepeqyork, v is the nodal voltages vector and Y is th
evaluation of a power system’s ability to widnd oqal matrix admittance.

large disturbances and to survive the transition The electrical power of thé' igenerator is given by
another operating condition. These disturbances may:

be faults such as a short circuit on a transmisiaan ng

loss of a generator, loss of a load, gailtbadl or P, = E*G, +Zq cos[é?j -9 +q} 3
loss of a portion of transmission network [2]. A 1=

number of studies have been conducted on powdherei=1,2,3...ng is the number of generators.
system transient stability with high penetratiomt b Ci = |E|[E[Y;| is the power transferred at bus ij;
they have considered simple network structures [3F is the magnitude of the internal voltage;

[4] [5]. Y are the internal elements of matrix Y;

The objective of this paper is to investigate theGi are the real values of the diagonal elements of Y.
impact of Fixed Speed wind generator penetration on The static model of load is represented by
power system transient stability. The numerica@dmittance Y defined by [7]:
integration method is used to evaluate the transien, _(R - jQ,]
stability and the IEEE-30 bus system is used ds tes' ~ V2
case. The paper is organized as follows. Sectiandl
Il briefly introduces the mathematical models of

environmental concern, electrical energy generatiorfl®d, _ 7if P _p -p
( mi <] Di)

4




[1l. WIND GENERATORMODELING
respectively, whilew is the synchronous speed. The
The fixed-speed, squirrel cage induction generatorotor voltage is zero because the rotor has beert-sh
(SCIG) is connected directly to the distributionidgr circuited in the single cage induction generatdre T
through a transformer. There is a gear box whichmodel is completed by the mechanical equation as
maces the generator's speed to the frequency of thggven below:
grid. do, 1
During high wind speeds, the power extracted from g™~ ﬁx(Tm'Te) 7)
the wind is limited by the stall effect of the geater.
This prevents the mgchanlcal power extracted fron:re is the electrical torque and, is the generator
the wind from becoming too large. In most cases, % d
. : i ' Speed.
capacitor bank is connected to the fixed speed win
generator for reactive power compensation purposes.
The capacitor bank minimizes the amount of reactive
power that the generator draws from the grid [2¢g(
figure 1).

H is the inertia constant;lis the mechanical torque;

IV. SIMULATION RESULTS

Simulation studies are carried out in this sectmn
demonstrate the transient performance of the power
orid system with wind power integration. The Critical
v Gear Box ,I\ Clearing Time (CCT) is used as indices to evaluated
> - - transient stability and the IEEE 30-bus test system
shown in fig. 3 is employed to conduct the transien
RI L stability simulation. Detailed parameters of this
ns system can be found in [9]. A wind farm based on
A Fixed Speed Induction Generator (FSIG) is used and
the FSIG parameters are outlined in the Appendix.

T

2€

Fig. 1 Representation of the fixed speed inductiemegator

The model for the fixed speed synchronous generator
is shown in Fig.2. Where Rrepresents the stator
resistance, Xrepresents the stator reactance; iX
the magnetizing reactance, while &d X represent
the rotor resistance and reactance, respectively.
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Fig. 2 Asynchronous machine equivalent circuit ntode

A standard detailed two-axis induction machine 8
model is used to represent the induction generator
The relationship between the stator voltage, rotor
voltage, the currents and the fluxes are givenhay t
following equations [8]: Fig. 3 Single line diagram of the IEEE 30-bus syste

Vgs = -ReXi gm0 X 4 ot 1,1 ds The test system is analyzed using optimal power
dt (5) flow (OPF). A standard OPF problem can be

formulated as follows [10] [11]:

. d
Vqs = -Rsxlqs+ W X A ast a;{ qs

ng

. d F(x)=2@+hR -¢ &) ®)
Vdr:O:Rrxldr-gstx/ﬁ{qr—ka/{dr i=1
d ©  P{.6+R-R =0 ©)
Vqr =0= Rr ><iqr+g>< W X ;{dr+_/1qr
dt Q((V.0)+Q, -Q, =0 (10)
Where \f is the stator voltage while,Yepresents the Pgrinin <P, < P™ii=1,..ng (11)

rotor voltage)s and, are the stator and rotor flux
Q" <Q, <Qy™i=1,..ng (12)



Where F(x) is a cost function;,alh, ¢ are cost
coefficients shown in the AppendixgRnd Q; are .-
the active and reactive power generat|on§1 aus; B ’1
and Qi are the active and reactive power demands a;I
" pus; Pand Q are the active and reactive power
|nject|0ns at? bus. .
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A. Case 1: Single FSGI wind farm (3
a
In this case the FSIG wind farm of 20 MW has Fig: 5 Dynamic responses of all machines (FCT=218 ms
been connected to bus 10 and bus 24 separately. The (&) Rotor angle differences (b) Rotor angle
Optimal Power Flow results obtained with used &f th
Differential Evolution Algorithm (DEA) [12] [13] These Figures show that the Critical Clearing Time
with and without of wind farm is listed in Table I. (CCT) increased after the introduction of the wind
According to this table connecting the wind farm atfarm of FSIG type. For FCT = 213 ms, the system
bus 24 will be a better option in terms reductiottie  with Wind Farm (WF) at bus 10 remains stable and

total costs and power losses. can return to steady state finally. However, theteay
with WF at bus 24 is unstable. Another’s simulasio
TABLE | have been performed for different fault locations i

OPFRESULTS WITH DEA IEEE-30 bus system, in order to know the effect of

FSIG wind farm location on transient stability. The
Ps (MW) Ps (MW) Ps (MW) results from the cases study are presented in Thble
BUS Ne Without With WF at | With WF at| and Figure 6. The comparative results have shown
WE bus 10 bus 24 that the location of wind turbines has an effect in
transient stability of power system. In our case t

1 167.0748 167.0383] insertion of a wind farm at bus 10 is better themn i
2 46.4729 46.4601 insertion at bus 24.
5 20.7535 20.7448
8 15.9062 15.8131 TABLE Il
11 10.0000 10.0215 CCTWITH AND WITHOUT OF FSIGWF
13 12.0000 12.0000
P loss 8.80743 8.67769
cost(sih) ' ' bus [ line ) “\e | atbus10| atbus 24
A disturbance in the form of a three phase t¢ 1 1-2 169 216 211
ground fault is occurs at t = 1 second at buseareld 1 1-3 223 261 256
by opening the line connecting the nodes 1-2. THe 2 1-2 238 296 277
Figures 3 and 4 show the dynamic responses of all 2 2-4 303 357 350
machines for Fault Clearing Time (FCT) equal to 170 2 2-5 309 370 360
ms and 213 ms respectively. 2 2-6 303 357 351
4 2-4 498 624 618
N =R 4 4-6 506 637 631
= Lot TN | " et 6 2.6 599 834 822
) R/ R IS - | N I 6 4-6 611 854 838

@) (b)
Fig. 4 Dynamic responses of all machines (FCT=170 ms u

B Without WF
B With WF at bus 10
E'With WF at bus 24

(a) Rotor angle differences (b) Rotor angle

Faulted bus (Open line)

Fig. 6 CCT with and without of FSIG WF



To know the impact of wind penetration level on

the power system Critical Clearing Time, the analys total cost is low when the penetration level of avin
has been carried out on 10%, 20%, 30% and 35%rm is high at bus 10 and low at bus 24 (scer@yio
wind penetration levels based on the total power

required (283.4 MW). The optimal active powers

generated by all generators when FSIG wind farm is

TABLE Il
OPFRESULTS WITH DEA

connected to bus 10 and to bus 24 are shown i
Figures 7 and 8 respectively. The variation of CCT|
for the fault at bus 1 with opening the line 1-2 is

shown in Figure 9From these Figurdt can be seen
that the system transient stability can be impraoved

improving penetration level of FSIG wind turbines.
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Fig. 8 Power generation with FSIG WF connecteduat

\ Gio Goa Total cost ($/h)
Scenario 1 15% 15% 562.244
Scenario 2 10% 20% 664.419
Scenario 3 20% 10% 561.28
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Fig. 10 Power generation for deferent scenarios

-

To get the impact of power distribution between
two wind farms on transient stability, a three-ghas
short circuit has been simulated on deferent satect
buses for the three previous scenarios. The reardts
shown in Table IV and Figure 11. The distributidn o
power between FSIG wind farms has an effect on
transient stability of power system, in our stuthe t
CCT is more improved when the penetration level of
wind farm is high at bus 10 and low at bus 24
(scenario 3).

350
330 /A TABLE IV
310 CCTFORDEFERENTSCENARIOS

290 /

:5270 s,

g iig Tt Faulted| Open | CCT (ms) | CCT (ms)| CCT (ms)
o F T bus | line for S1 for S2 for S3
190
i [ 1 1-2 445 443 445
150 — 1 1-3 483 484 485

0% 10% 20% 30% 35%
Wind penetration level 2 1-2 584 580 586
) o . 2 2-4 631 635 636
Fig. 9 CCT variation with FSIG WF for a fault at ks 2 2.5 626 629 631
B. Case 2: Two FSIG wind farms 2 2-6 638 642 644
4 2-4 1281 1286 1288
In this case the two FSIG wind farms have beep 4 4-6 1278 1283 1286
connected to bus 10 and bus 24 simultaneouslyeTaljl 6 2-6 1576 1587 1659
Il shown the total cost obtained with three| 6 4-6 1558 1561 1564

penetration level scenarios. According to thisdahke
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