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This paper presents the effect of the combination between SVC and 
STATCOM on the performance of an induction generator driven by wind 
turbine. Also the comparison is made between the performances of the 
wind farm equipped by SVC, STATCOM and the combination in between 
them to improve the wind farm power system performance. The simulation 
results show that both of the devices enhance the power system 
performance during and after disturbance, especially when the network is 
weak. The results show the effect of the combination between SVC & 
STATCOM connected on bus #3. The combination between SVC & 
STATCOM enhances the power system performance.  
KEYWORDS: Induction Generator, FACTS, Wind Turbine. 

 
1. INTRODUCTION 

In recent years generation of electricity using wind power has received considerable 
attention worldwide. Induction machines are mostly used as generators in wind power 
based generations. Since induction machines have a performance problem as they draw 
very large reactive currents during fault condition, reactive power compensation can be 
provided to improve performance. This part presents general review and previous work 
of wind turbine and wind generators [1-5]. Also, it is intended to provide an overview 
of some well known FACTS controllers in order to provide the merits and applications 
of FACTS to the operations of transmission and distribution systems. The proposed 
shunt FACTS devices are Static VAR Compensator SVC and Static Synchronous 
Compensator STATCOM [5-9]. There exists a large collection of literature on the 
modeling of wind energy conversion systems more specifically on the modeling of 
individual system components of a wind energy conversion system. A wind energy 
conversion system is mainly comprised of two subsystems, namely a wind turbine part 
and an electric generator part. Detailed descriptions of these concepts can be found in 
text books on wind energy [1, 2]. A summary of the typical wind turbine models and 
their control strategies is presented in [1]. Most of the models used to represent a wind 
turbine are based on a non linear relationship between rotor power coefficient and 
linear tip speed of the rotor blade [1-5]. 

A very large wind farm contains hundreds of wind turbines connected together 
by an intricate collector system. Though each WT of a wind farm may not critically 
impact the power system, a wind farm has significant impact on the associated power 
system during severe disturbances [10]. It is not practical to represent all wind turbines 
to perform a simulation study; a simplified equivalent model is required. It also helps 
that there is no mutual interaction between wind turbines with well-tuned converters in 
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a wind farm [11, 12]. The most popular type of wind turbines installed today are 
variable speed wind turbines that feature improved power quality and speed control 
and reduced mechanical stresses. Under the same circumstances, the power generated 
by variable speed wind turbines is greater than that generated by the fixed speed wind 
turbines [8]. Majority of the wind power based DG technologies employ induction 
generators instead of synchronous generators, for the technical advantages of induction 
machines like: reduced size, increased robustness, lower cost, and increased 
electromechanical damping. Wind turbine induction generator WTIG can be viewed as 
a consumer of reactive power. Its reactive power consumption depends on active 
power production. Further, induction generators draw very large reactive currents 
during fault occurrence [13].  

Flexible AC Transmission Systems FACTS such as SVC and STATCOM are 
being used extensively in power systems because of their ability to provide flexible 
power flow control [14]. The main motivation for choosing SVC or STATCOM in 
wind farms is its ability to provide bus bar system voltage support either by supplying 
and/or absorbing reactive power into the system. The applicability of FACTS in wind 
farms has been investigated and the results from early studies indicate that it is able to 
supply reactive power requirements of the wind farm under various operating 
conditions, thereby improving the steady-state stability limit of the network. Transient 
and short-term generator stability conditions can also be improved when a STATCOM 
has been introduced into the system as an active voltage/var supporter [14-16]. The 
SVC can be considered as a shunt impedance determined by the parallel connection of 
the capacitor and the effective inductance of the thyristor controlled reactor [17]. The 
reactive power injection capability of the SVC is mainly applied to control voltage and 
damp oscillations, but also to improve the steady state power flow and transient 
stability [18]. In [19] it is suggested to use FACTS devices such as SVC and 
STATCOM to improve the stability in wind farm.  

Generally, stability means the capability of power system to hold synchronism 
during occurrence of a severe transient disturbance such as fault in equipment and 
transmission line or loss of generation or lumped load. Application of STATCOM for 
stability improvement has been discussed in the literature [20-24]. A comparative study 
between the conventional SVC and STATCOM in damping power system oscillation is 
given in [20]. The results show the superiorly of STATCOM-based controller over 
SVC-based controller in increasing the damping of low frequency oscillations. A 
robust controller for providing damping to power system through STATCOM is 
presented in [25]. The loop-shaping technique has been employed to design the 
controllers. It was observed that a robust controller in the speed loop, with nominal 
voltage feedback, effectively damps the electromechanical oscillations for a wide range 
of operating conditions. Two new variable structure fuzzy control algorithms for 
controlling the reactive component of the STATCOM current are presented in [23]. 
The signal input to the proposed controller is obtained from a combination of generator 
speed deviation and STATCOM bus voltage deviation. Nonlinear control theory has 
been applied to design STATCOM damping controller in [24].  

This paper introduces the impact of a combination of SVC & STATCOM in 
improving the performance of WTIG on the occurrence of disturbances such as the 
change of wind speed, phase-to-phase ground fault, three-phase to ground fault, sudden 
injection or rejection of an inductive load and the connection of a plant consisting of an 
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induction motor and a resistive load. The study is based on the three phase non-linear 
dynamic simulation, utilizing the SimPowerSystems Blockset for use with 
MATLAB/SIMULINK. Simulation results are presented to show the improved 
performance of a distributed network embedded with WTIGs under severe 
disturbances. 

 
2. STUDIED SYSTEM AND MODELING 

The mathematical models of wind turbine and wind generators (three phase squirrel 
cage induction generator) are presented in this paper. The proposed shunt FACTS 
devices are SVC and STATCOM. The general concepts of FACTS controllers 
modeling are explained in steady-state and transient stability. The wind farm using 
Induction Generators IG driven by variable-pitch wind turbines test system is utilized. 
The effect of some system parameters like rating of capacitor bank, SVC rating, 
STATCOM rating and transmission line length, on performance of induction generator 
driven by wind turbine is studied and presented.  

 

2.1 Wind Turbine Model  

The wind turbine model employed in the present study is based on the steady-state 
power characteristics of the turbine. The stiffness of the drive train is infinite and the 
friction factor and the inertia of the turbine are combined with those of the generator 
coupled to the turbine. The wind turbine mechanical power output is a function of rotor 
speed as well as the wind speed and is expressed as: 
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The coefficients C1 to C6 are constants: C1=0.5176, C2= 116, C3=0.4, C4=5, 
C5=21, and C6=0.0068. In this research a constant pitch angle β is used and its value is 
assigned as zero, the based speed is selected at 9m/sec. The turbine power 
characteristics of the model employed in this paper presented in Fig. (1) shows how 
PWT varies with rotor speed for different wind speeds. The optimum tip speed ratio 
curve gives the highest efficiency points for PWT. As seen from figure, rated power 
3MW (1p.u) occurs at rated wind speed of 9m/s. In dynamic simulations, the 
electricity-producing wind turbine is treated as a complex electromechanical system 
consisting of the induction generator, the drive train system and the rotating wind 
turbine. Its modular diagram is given in Fig. (2) 
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Fig. (1) Power as a function of rotor speed for different wind speeds. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. (2) Modular model of a grid-connected, stall-controlled wind turbine equipped 
with an IG 

 

2.2 Induction Generator Model 

The electrical part of the machine is represented by a second-order state-space model 
and the mechanical part by a second-order system. All electrical variables and 
parameters are referred to the stator. All stator and rotor quantities are in the arbitrary 
two-axis reference frame (d-q frame). The d-axis and q-axis block diagram of the 
electrical system is shown in Fig. (3). The electrical equations are given by: 
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The mechanical equations are given by: 
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Fig. (3) Induction machine equivalent circuits  
(a) d-axis equivalent circuit          (b) q-axis equivalent circuit 

 
2.3 Wind Turbine Induction Generator WTIG 

The block diagram of WTIG is shown in Fig. (4), and the stator winding is connected 
directly to the 60 Hz grid and the rotor is driven by a variable pitch wind turbine. The 
power captured by the wind turbine is converted into electrical power by the induction 
generator and is transmitted to the grid by the stator winding. The pitch angle is 
controlled in order to limit the generator output power to its nominal value for high 
wind speeds. In order to generate power the induction generator speed must be slightly 
above the synchronous speed. The pitch angle controller regulates the wind turbine 
blade pitch angle β, according to the wind speed variations. Hence, the power output of 
WTIG depends on the characteristics of the pitch controller in addition to the turbine 
and generator characteristics.  

This control guarantees that, irrespective of the voltage, the power output of 
the WTIG for any wind speed will be equal to the designed value for that speed. The 
pitch angle β is controlled in order to limit the generator output power at its nominal 
value for winds exceeding the nominal speed. β is controlled by a Proportional-Integral 
PI controller in order to limit the electric output power to the nominal mechanical 
power. When the measured electric output power is under its nominal value, β is kept 
constant at zero degree. When it increases above its nominal value the PI controller 
increases β to bring back the measured power to its nominal value. The pitch angle 
control system is shown in Fig. (5). In order to generate power, the IG speed must be 
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slightly above the synchronous speed. Speed varies approximately between 1.0 pu at 
no load and 1.005 pu at full load. 

 

 
 
 
 
 
 
 
 
 
 
 

Fig. (4) Block diagram of WTIG Fig.             (5) Control system for pitch angle control 
 

2.4 Protection System  

Commercial wind turbines incorporate sophisticated system for protection of electrical 
and mechanical components. These turbine-based protection systems respond to local 
conditions, detecting grid or mechanical anomalies that indicate system trouble or 
potentially damaging conditions for the turbine. The protection system should respond 
almost instantaneously to mechanical speed, vibration, voltages, or currents outside of 
defined tolerances. In addition, conventional multi-function relays for electric machine 
protection should also be provided to detect a wide variety of grid disturbances and 
abnormal conditions within the machine. In the present study, the WTIG protection 
system consists of the followings: Instantaneous/positive-sequence AC Overcurrent, 
AC Current Unbalance, AC Overvoltage/Undervoltage (positive-sequence), AC 
Voltage Unbalance (Negative-sequence / Zero sequence) and DC Over voltage. 
 

2.5 SVC Modeling  

SVC is a first generation FACTS device, can control voltage at the required bus 
thereby improving the voltage profile of the system. The primary task of an SVC is to 
maintain the voltage at a particular bus by means of reactive power compensation. 
SVCs have been used for high performance steady state and transient voltage control 
compared with classical shunt compensation. SVCs are also used to dampen power 
swings, improve transient stability, and reduce system losses by optimized reactive 
power control [24]. SVC is basically a shunt connected Static Var Generator SVG 
whose output is adjusted to exchange capacitive or inductive current so as to maintain 
or control specific power system variables. Figure (6) shows the single-line diagram of 
a SVC and a simplified block diagram of its control system [16]. A typically, the 
power system control variable controlled by SVC is the terminal bus voltage, and total 
susceptance of SVC can be controlled by firing thyristors. Consequently, it represents 
the controller with variable impedance that is changed with the firing angle of TCR. 
The terminal or V-I characteristics of SVC is illustrated in Fig. (7).  
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Fig. (6) Basic SVC structure with voltage control system   Fig. (7) V-I characteristics 
of a SVC 

 

SVC can immediately provide reactive power support when the system has 
voltage problem due to a trip of an important generator or transmission line. In some 
applications, it can be used as an aid to improve stability; SVC can perform the duty of 
providing rapidly controlled vars more appropriately during the first angle swing and 
thus, by maintaining the voltage, inherently improve transient stability. In addition, it is 
possible with a SVC not only to maintain a reference voltage level, but also to 
modulate the reference voltage signal in order to improve system damping [25]. The 
validated p.u. Differential-Algebraic Equations (DAEs) corresponding to this model 
are [26]: 
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The differential equations represented by equation (12) vary with the type of 
control system used. Figure (8) depicts a typical voltage control block diagram, which 
includes a droop to avoid continuous operation of the controller and to allow for proper 
coordination with other voltage controllers in the network. It is important to highlight 
the fact that an admittance model is numerically more stable than the corresponding 
impedance model, i.e., using BSVC on the model averts numerical problems when close 
to the controller's resonant points [27]. The bias αo for this controller is determined by 
solving the equations resulting from forcing BSVC=0 in equation (13), i.e., this value 
corresponds to the resonant point of the SVC (I = 0) and is obtained by solving the 
nonlinear equation:  
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( ) 0/22sin2 =−−− CL XXπαα oo                    (14) 

where, XC and f(·) stand for the control system variables and equations, respectively. 
These equations represent limits not only on the firing angle α, but also on the current 
I, the control voltage V and the SVC voltage Vi as well as the reactive power. The SVC 
steady state model can be obtained by replacing the equations (12) and (13) with: 
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Which can be directly included in any power flow program with the proper 
handling of firing angle limits. Note that equation (13) provides the relationship 
between SVC susceptance BSVC and α, I and Q. 

 
Fig. (8) SVC control block diagram  

 
2.6 STATCOM Modeling  

There are two techniques for controlling the STATCOM. The first technique, referred 
to as phase control, is to control the phase shift β to control the STATCOM output 
voltage magnitude. The other technique referred to as Pulse Width Modulation (PWM) 
on the other hand allow for independent control of output voltage magnitude and phase 
shift, in this case, the dc voltage is controlled separately from the ac output voltage. 
The basic structure of a STATCOM with PWM-based voltage controls is depicted in 
Fig. (9) [27-29]. Eliminating the dc voltage control loop on this figure would yield the 
basic block diagram of a controller with a typical phase angle control strategy. PWM 
controls are becoming a more practical option for transmission system applications of 
VSC-based controllers, due to some recent developments on power electronic switches 
that do not present the high switching losses of GTOs [30], which have typically 
restricted the use of this type of control technique to relatively low voltage 
applications. In PWM controls, switching losses associated with the relatively fast 
switching of the electronic devices and their snubbers play an important role in the 
simulation, as these have a direct effect on the charging and discharging of the 
capacitor, and hence should be considered in the modeling.  
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Fig. (9) Block diagram of a STATCOM with PWM voltage control 
 

By varying the amplitude of output voltage can control the reactive power 
exchange between the inverter and the ac system. If the amplitude of the output voltage 
is increased above that of ac system voltage, the inverter generates reactive power for 
the ac system. If the amplitude of the output voltage is decreased below that of the ac 
system, the inverter absorbs the reactive power. If the output voltage is equal to the ac 
system voltage, the reactive power exchange is zero. Conversely, the inverter absorbs 
real power from the ac system, if the inverter output voltage is made to lag the ac 
system voltage. The V-I characteristic of STATCOM controller is shown in Fig. (10), 
the controller can provide both capacitive and inductive compensation and is able to 
control output current over the rated maximum capacitive or inductive range 
independent of the ac system voltage. It can provide full capacitive output current at 
any practical system voltage. This is in contrast to the SVC which can supply only a 
diminishing output current with decreasing system voltage as determined by the 
designed maximum equivalent capacitive admittance. This type of controller is, 
therefore, more effective than the SVC in providing transmission voltage support and 
the expected stability improvements. In general, a reduction of more than 50% in the 
physical size of installation can be expected from STATCOM compared to SVC.  

Also, for steady state reactive support, a STATCOM is capable of supporting 
higher loads than what would be possible with a SVC of comparable MVAr rating. The 
STATCOM may have an increased transient rating in both the inductive and capacitive 
operating regions, which can further enhance its dynamic performance. The SVC can 
increase transient var absorption capability only. The transient rating of the 
STATCOM is dependent on the characteristics of the power semiconductors used and 
the maximum junction temperature at which the devices can be operated. Assuming 
balanced, fundamental frequency voltages, the controller can be accurately represented 
in transient stability studies using the basic model as shown in Fig. (11) [30]. 
STATCOM should be modeled to cover the limits in both control and operation.  
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Fig. (10) V-I characteristics of a STATCOM      
 

Instead of representing STATCOM by a synchronous machine as in the 
conventional method, the appropriate models of the controller should be used to have a 
more accurate result. To fulfill that, the p.u. Differential-Algebraic Equations (DAEs) 
corresponding to this model are described as follows [26]: 
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where most of the variables are explained on Fig. (11), The variables xc and functions 
f(·)in equation (16) stand for the internal control system variables and equations, 
respectively, and hence vary depending on whether a PWM or phase control technique 
is used in the controller. The admittance ( ) 1−+=+ jXRjBG  is used to represent the 
transformer impedance and any ac series filters (e.g. smoothing reactors), the constant 

mk 8/3=  is directly proportional to the modulation index m. A simple PWM voltage 
controller is shown in Fig. (12) [28, 31], which basically defines the differential 
equations represented by f(·) in equation (16). Observe that the ac bus voltage 

Fig. (11) Transient stability model of a 
STATCOM with PWM voltage control 
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magnitude is controlled through the modulation index m, since this has a direct effect 
on the ac side of VSC voltage magnitude. Whereas the phase angle, α, which basically 
determines the active power P flowing into the controller is used to directly control the 
dc voltage magnitude since the power flowing into the controller charges and 
discharges the capacitor.  

The controller limits are defined in terms of the controller current limits, which 
are directly related to the switching device current limits, as these are the basic limiting 
factor in VSC-based controllers. In simulations, these limits can be directly defined in 
terms of the maximum and minimum converter currents Imax and Imin, respectively, i.e., 
the integrator blocks are "stopped" whenever the converter current I reaches a limit, 
which would allow to closely duplicate the steady state V-I characteristics of the 
controller shown in Fig. (10). Another option is to compute these limits by solving the 
steady state equations of the converter; these equations are also used to compute the 
biases mo and αo [32]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. (12) Basic STATCOM PWM voltage control 
 

The steady state model can be readily obtained from equations (16)-(18) by 
replacing the differential equations with the steady state equations of the dc voltage 
and the voltage control characteristics of the STATCOM: 
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2.7 Studied System  

The one line diagram of the test system employed in this study is shown in Fig. (13). 
The network consists of a 120-kV, 60-Hz, sub-transmission system with short circuit 
level of 2500 MVA, feeds a 25 kV distribution system through 120/25kV step down 
transformers.  
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Fig. (13)Single-line diagram of the distribution system embedded with WTIG and 
FACTS devices 

 
A wind farm consisting of 1.5-MW wind turbines and driven squirrel-cage 

induction generator is connected to the 25-kV distribution system, exports power to the 
120-kV grid through a 25-km 25-kV feeder. Part of the reactive power consumed by 
the induction generators is locally supplied by fixed capacitors of 400 Kvar each, 
installed at the terminals of the machines. Dynamic reactive power compensation is 
provided by a 3MVA STATCOM and 3 MVA SVC. In order to limit the generator 
output power at its nominal value, the pitch angle is controlled for winds exceeding the 
nominal speed of 9 m/s. To inject active power to the distribution network, the IG 
speed must be slightly above the synchronous speed. Speed varies approximately 
between 1.0 pu at no load and 1.005 pu at full load. Each wind turbine has a protection 
system, monitoring voltage, current and machine speed. The amount of active power 
injected by WTIGs to the distribution system is limited by transient stability issues [11, 
32]. 
 

3. RESULTS AND DISCUSSIONS 

It's intended to improve the wind farm power system performance while the studied 
system is subjected to many types of disturbances. The first disturbance is the change 
in wind speed on wind turbines, and phase-to-phase ground fault occurred at terminals 
of WTIG #2 cleared after 100 ms is second disturbance. Further, three phase to ground 
fault occurred at bus #3 and was cleared after 100 ms is applied, Sudden injection and 
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rejection loads at t=15sec is occurred. The fifth disturbance is an inserting of composed 
load plant consisting of motor load and resistive load. The effects of combination 
between SVC and STATCOM on the system parameters performance are studied. The 
power system performance due to the above disturbance can be examined as follows: 
 

3.1 Effect of the wind speed change disturbance: 

The wind speed changes for each turbine are as follows: initially, wind speed is set at 
8m/s, disturbance starts at t=2s by raising linearly the speed to 11m/s for WTIG #1. 
The same gust of wind is applied to WTIG #2 and WTIG #3, respectively with at 
t=4sec and t=6sec respectively as shown in Fig. (14). Without the use of any FACTS 
device, WTIG #1 is tripped at t=13.43sec while WTIG #2 and WTIG#3 are still 
working so the active power generated from each WTIG is 3MW with absorbing 
reactive power is 1.47Mvar, also the turbine speed response for WTIG #1 is highly 
increased. With the use of SVC only or STATCOM only or the combination in 
between, the three WTIG are still working so the WTIG output active power generated 
from each WTIG is 3MW, the reactive power absorbed with each WTIG is 1.47Mvar. 
Fig. (14) illustrates the total absorbed reactive power from the network and the voltage 
bus #3, it's noted that the total absorbed reactive power is decreased in the case of a 
combination between SVC and STATCOM, also voltage at bus #3 is improved. 
 

 

 

 

 

 

 
(a) Reactive power absorbed from the network                     (b) Voltage at bus #3 

Fig. (14)Effects of the wind speed change on bus #3 parameters  
 

3.2 Effect of phase-to-phase ground fault on terminal WTIG #2: 

Figure (15) show the change in wind speed and the studied system is subjected to 
phase-to-phase ground fault occurred on terminal WTIG #2 only and is cleared after 
100ms from 15sec to 15.1sec. Without the use of any FACTS device, the WTIG # 1 is 
tripped at t=13.43sec and the WTIG # 2 is tripped at t=15.11sec but WTIG #3 is still 
working to generate 3MW. But when we use FACTS devices such as SVC of (3MVA) 
rating or STATCOM of (3MVA) rating or the combination between SVC & 
STATCOM connected at bus #3, WTIG # 2 only is tripped at t=15.11sec, but WTIG 
#1 and WTIG #3 are still working. The total absorbed reactive power from the network 
and the voltage bus #3 responses are depicted in Fig. (15). It's noted that the total 
absorbed reactive power is decreased in case the of a combination between SVC and 
STATCOM, also the voltage at bus #3 is improved.  
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 (a) Reactive power absorbed from the network             (b) Voltage at bus #3 
Fig. (15)Effects of phase-to-phase to ground on bus #3 parameters 

 

3.3 Effect of a three phase ground fault on bus #3: 

The impact of change in wind speed and the studied system subjected to three phase to 
ground fault occurred on bus #3 and cleared after 100ms from 15sec to 15.1sec is 
studied. Without use of the FACTS devices, WTIG #1 is tripped at t=13.43sec and 
WTIG #2 & WTIG #3 are tripped t=15.11sec by the protection system. Despite of the 
presence of each SVC of (3MVA) or STATCOM of (3MVA) or both, but three WTIG 
are tripped because of insufficiency capacity of SVC & STATCOM to supply 
necessary reactive power. Figure (16) shows the reactive power absorbed from the 
network, during fault at t=15sec, the reactive power absorbed from the network 
decreases reach to zero. After fault clearing at t=15.1sec, it decreases to -0.428Mvar 
with the presence of SVC or STATCOM and increase to -0.2626 Mvar with the 
presence of SVC & STATCOM, also the voltage on bus #3, during fault t=15sec 
decrease reach to zero. After fault clearing at t=15.1sec, it increases to reach 1.008pu 
with the presence of SVC only or STATCOM only and increases to reach 1.005pu with 
the  presence of SVC & STATCOM. 

 

 
 
 
 
 
 
 
 
 
 

 

(a) Reactive power absorbed from the network             (b) Voltage at bus #3  
Fig. (16)Effects of a three-phase ground at bus #3 on bus #3 parameters 
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initially connected are studied. Figure (17) illustrates the total active power injected to 
the network, the total absorbed reactive power from the network and the voltage bus#3 
responses with SVC only, STATCOM only and a combination in between due to 
sudden injection load disturbance on bus #3. It's noted that the combination between 
SVC and STATCOM connection causes the required active power load can be 
provided from wind farm. Further, the combination between SVC and STATCOM 
gives less overshoot in reactive power response and decreases reactive power absorbed 
from the network. Moreover, the voltage at bus #3 improves. The total load active 
power, the total load reactive power and voltage at bus #3 responses with combination 
between SVC and STATCOM due to sudden injection load are shown in Fig. (18). It's 
noted that the bus voltage improve whereupon the active power injected to load 
increases as shown Fig. (18).  
 

 

 
    
 
 
 
 
 

 
(a) Active power injection to the network            (a) Active power injection to Load 

 
 
 
 
 
 
 
 
 

 
 

(b) Reactive power absorbed from the network      (b) Reactive power injection to Load 
 

 
 
 
 
 
 

 
 
 
 

(c) Voltage at bus #3                                   (c) Load Voltage  
Fig. (17) Effect of the injection of a load on bus #3     Fig. (18) Effect of injection of a 

load on the load 
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3.5 Effect of a sudden rejection of a load on bus #3: 
The impact of change in wind speed and rejection of an inductive load of 
(5MW+J2Mvar) on bus #3 at t=15sec is studied as shown in Fig. (19). Figure (20) 
illustrates the total active power injected to the network, the total absorbed reactive 
power from the network and the voltage at bus #3 responses with SVC only, 
STATCOM only and the combination in between due to a sudden rejection of the load 
disturbance on bus #3. It's noted that the combination between SVC and STATCOM 
connection causes that the required active power load can be provided from the wind 
farm. Further, the combination between SVC and STATCOM gives less overshoot in 
reactive power response and decreases the reactive power absorbed from the network. 
Moreover, the voltage at bus #3 improves as shown in Fig. (21). The total load active 
power, the total load reactive power and the voltage at bus #3 responses with the 
combination between SVC and STATCOM due to sudden rejection load are shown in 
Fig. (21). It's noted that the bus voltage improves whereupon they active power 
injected to load. 
  
 
 
 
 
 
 
 
 
 

 

Fig. (19)Line diagram of the distribution system embedded with WTIG, FACTS and 
inductive loads 

 

 
 
 
 
 
 
 
 
(a) Active power injection to the network                  (a) Active power injection to Load 

 

 
 
 
 
 

 
 

 

(b) Reactive power absorbed from the network      (b) Reactive power injection to Load 
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(c) Voltage at bus #3                                       (c) Load Voltage 

 

Fig. (20)Effects of rejection load on bus #3        Fig. (21)Effects of rejection load on 
loads parameters 

 
3.6 Effect of the connection of a plant  

The impact of the change in wind speed and the connection of a plant consisting of an 
induction motor and resistive load is shown in Fig. (22). Figure (23) illustrates the total 
active power injected to the network, the total absorbed reactive power from the 
network and the voltage at bus #3 responses with the presence of SVC only, 
STATCOM only and the combination between SVC &STATCOM. It is noted that the 
reactive power absorbed from the network decreases and the voltage at bus improves 
with the presence of the combination of SVC & STATCOM. The total plant active 
power, the total plant reactive power and the plant voltage responses with presence of 
SVC only, STATCOM only and the combination between SVC &STATCOM due to 
connection of a plant are shown in Fig. (24). It's noted that the combination SVC & 
STATCOM improves the bus voltage whereupon the active power injected to load 
increases. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. (22)Line diagram of the distribution system embedded with WTIG, STATCOM 
and plant 
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(a) Active power injection to the network                 (a) Active power injection to Plant 
 
 
 
 
 
 
 
 
 
(b) Reactive power absorbed from the network      (b) Reactive power injection to Load 
 
 
 
 
 
 
 
 
 

 
(c) Voltage at bus #3                                (c) Load Voltage 

Fig. (23)Effects of the connection of a Plant        Fig. (24)Effects of the connection of a            
                on bus #3 parameter                                    Plant on Plant parameter 

 

4. CONCLUSIONS 

The effect of connecting a combined SVC & STATCOM on wind farm power system 
variables is studied. Active power injected to the network, reactive power absorbed 
from the network, turbine speed and bus voltage at bus #3 due to different disturbance 
applied to the system can be summarized as follows:  

� At a change of the wind speed from 8m/sec to 11m/sec, without using FACTS 
devices, WTIG #1 is tripped at t=13.43sec so the active power injected to the 
network is 6MW. While, a combination from SVC & STATCOM is better than 
the use of SVC only or the use of STATCOM only in terms of improving the 
voltage at bus #3 to reach 0.99pu and reducing the absorbed reactive power to 
1.76MVAR.  
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� Due to the occurrence of a phase to phase ground fault on terminal WTIG #2 at 
t=15sec with the presence of a change in wind speed from 8m/sec to 11m/sec, 
without the using of FACTS devices, WTIG #1 and WTIG #2 are tripped at 
t=13.4sec, t=15.11sec respectively, so the active power injected to the network 
is 3MW. While, a combined SVC & STATCOM is better than using only SVC 
or using only STATCOM in sense of  improving the voltage during fault at bus 
#3 to reach 0.75pu and reducing the absorbed reactive power to 6.65Mvar 

� Assume the occurrence of a three phase to ground fault on bus #3 at t=15sec 
with the presence of a change in wind speed from 8m/sec to 11m/sec. The three 
WTIG are tripped, so the active power injected to the network is zero. With the 
presence of only SVC or only STATCOM or combined SVC & STATCOM the 
three WTIG are tripped at t=15.11sec, so the active power injected to the 
network is zero.                            

� At a sudden injection of an inductive load (5MW+J2Mvar) at t=15sec plus an 
initial inductive load (3MW+J2Mvar) with the presence of a change in wind 
speed and without using FACTS devices, the WTIG #1 is tripped, so the active 
power injected to the network is -0.2MW. While, with the presence only of SVC 
or only STATCOM or combined SVC & STATCOM, three WTIG are still 
working.  

� At the sudden rejection of an inductive load (5MW+J2Mvar) at t=15sec from 
total load (8MW+J3Mvar) with the presence of a change in wind speed, without 
using FACTS devices, the WTIG #1 and the WTIG #2 are tripped at t=13.29sec 
and t=7.127sec respectively so the active power injected to the network is 
0.14MW. While, with the  presence of only STATCOM or only SVC, the WTIG 
#1only is tripped at t=13.29sec and then the rejection of a load disturbance is 
applied at t=15sec, but with the presence of a combination of a SVC & 
STATCOM, three WTIG are still working.  

� Assume a connection of a plant consisting of induction motor and resistive load 
with the presence of change in wind speed, without the use of FACTS devices, 
the WTIG #1 is tripped at t=13.39sec so the active power injected to the 
network is 4.15MW. While, with the presence of SVC only or STATCOM only 
or the combination from SVC & STATCOM, three WTIG are still working. 

� From the simulation results, a combination from SVC and STATCOM gives 
better performance as compared to using SVC only or using STATCOM only 
and only STATCOM has better performance as compared to the use of SVC 
only in case of heavy load.   
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APPENDICES 

Wind Turbine Induction Generator WTIG Parameters  
Turbine: 3MW, base wind speed =9m/s, β controller Kp=5, Ki=25, βmax=45°   
Generator: P=3.33MVA, V=575V, f=60Hz, Rs=0.004843, Ls=0.1248, Rr

’=0.004377, 
Lr

’=0.1791, Lm=6.7, H=5.04s, F=0.01, p=3. 
Transformer parameters: 47MVA, 120/25kV, R2=0.0026, L2=0.08, Rm=500Ω, 
Xm=500Ω. 
WTIG to distribution network:  4MVA, 25kV/575V, R2=0.0008, L2=0.025, Rm=500Ω, 
Xm= inf. 
Transmission line parameters per km: R1=0.1153Ω, R0=0.413Ω, L1=1.05mH, 
L0=3.32mH, C1=11.33nF, C0=5.01nF. 
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STATCOM parameters: 25kV, 3MVA, R=0.071, L=0.22, Vdc=4kV, Cdc=0.0011F, 
Regulator gains: Vac-Kp=5, Ki=1000, Vdc-Kp=0.0001, Ki=0.02, Kp=0.3, Ki=10, 
Kf=0.22, Droop=0.03. 
SVC parameters: Vrms=25kV, Fn=60Hz, Pbase=3MVA, Qc=3Mvar, Ql=-3Mvar, 
Td=4msec, Vref=1.0pu, Xs=0.03pu, Kp=0, Ki=300. 
Inductive load: First load: 3MW+J1Mvar, Second load:5MW+J2Mvar 
Plant: 2MVA, V=2.3kV, RL=200KW, P.F=0.93 Lag., Qc=800Kvar    
Induction Motor:  P=1.86MVA, V=2300V, f= 60Hz, Rs=0.0092, Ls=0.0717, 
Rr

’=0.007, Lr
’=0.0717, Lm=4.14, H=0.5s, F=0, p=2. 

 

 

 تأثيرات نظم نقل التيار المتردد المرنة على المولدات الحثية المداره بتوربينات الرياح
موضوعاً مهماً فى نظم القوى الكهربية وهو دراسة تحسين أداء المولدات الحثيه المداره بالرياح بحث تناول الي
اث إستقرار سريع للذبذبات التى طرق مختلفة لتحسين أداء المولدات الحثيه المداره بالرياح وأحدبحث قدم اليو 

كما . تحدث فى منظومة القوى الكهربائية نتيجة الإضطرابات الفجائية التى تتعرض لها منظومة القوى الكهربائية
دراسة دمج والبحث يقترح  عرض نموذج رياضى كامل لمكونات عناصر منظومة القوى الكهربائيةالبحث تناول 

عاله الأستاتيكيه ومكثفات التزامن الأستاتيكيه على المولدات الحثيه المداره كلا من معوضات القدره الغير الف
بالرياح عند وجود الأضطرابات الفجائيه مثل حدوث تغيير فى سرعة الرياح، حدوث قصر بين وجهين والأرض 

الحثيه، حدوث قصر بين ثلاثة أوجه والأرض على قضبان التوزيع، حدوث تغيير على أحدى أطراف المولدات 
مفاجئ فى حمل حثى بالزياده وبالنقصان وأخيرا توصيل محطة تحتوى على محرك حثى ثلاثى الأوجه ومكثف 

  .متصل على التوازي مع المحرك لتحسين معامل قدرته وكذلك حمل مادى
  


