
 

 

 

Abstract—Recently Flexible AC Transmission System (FACTS) 

devices have been used for flexible power flow control, secure 

loading and damping of power system oscillation. Some of those are 

used also to improve transient and dynamic stability of wind power 

generation system (WPGS). Transient stability control plays a 

significant role in ensuring the stable operation of power systems in 

the event of large disturbances and faults. Due to the nature of 

asynchronous operation, system instability of WPGS is largely 

caused by the excessive reactive power absorption by induction 

generators after fault due to the large rotor slip gained during fault.  

This paper studies system stability of wind farms based on fixed 

speed induction generators. The use of the Static Var Compensator 

(SVC) and STATic synchronous COMpensator (STATCOM) is 

investigated for wind farm integration. The effect of fault location 

and its duration time is studied for different fault types. Simulation 

test cases using MATLAB-Simulink are implemented on a 9 MW 

wind farm exports power to 120 KV grid. The simulation results 

show the influence of fault location and its duration on active power, 

reactive power, and bus voltage of the wind farm. 

 

Keywords—Flexible AC Transmission System, STATCOM, 

SVC, Transient stability, Wind farm.  

I. INTRODUCTION 

IND power industry is developing rapidly, more and 

more wind farms are being connected into power 

systems. In the next years, there will be more significant 

growth in wind energy. Although the great development in the 

technology of electrical generation from wind energy, there is 

only one way of generating electricity from wind energy is to 

use wind turbines that convert the energy contained in flowing 

air into electricity. Fixed speed wind turbines utilize squirrel 

cage induction generator directly connected to the grid to 

produce the electricity. These induction generators which are 

usually connected at weak end of a grid or at distribution 

networks draw large amount of reactive currents during 

disturbances such as faults. Consequently under these 

conditions the terminal voltage and the electrical output power 

are significantly reduced, whereas the mechanical torque may 

be still applied to the wind turbine and the rotor speed 

increases [1]. After fault clearance the generator needs reactive 

 
Mohamad Amiri, and Mina Sheikholeslami are with Islamic Azad 

University, Abadan Branch, Abadan, Iran. Email ID -

mohamad.amiri@gmail.com. 

power for voltage recovery, however this reactive power to be 

supplied by network which in turn causes a voltage drop, so 

the machine terminal voltage cannot be recovered. If the 

voltage could be recovered and the generator speed is not too 

high, torque could be restored and the wind turbine may 

restore its normal operation eventually.  

Otherwise the generator would continue to accelerate and 

the rotor speed and reactive power consumption will increase, 

so the terminal voltage decreases further. If the rotor speed 

exceeds a certain critical value the generator set becomes 

unstable, thus must be tripped out by over speed protection 

devices [2]. As for cases in which a large amount of power is 

supplied by generators, these generators should stay connected 

to the grid. Therefore, the stability becomes an important 

problem and has recently attracted considerable attention [3]. 

Various methods of stability improvement have been presented 

by researchers. The pitch control system is used to control the 

power output of the wind turbine and also for stabilization of 

the wind turbine at grid faults. When a fault occurs in the 

external power system, the blade-angle control orders the 

mechanical system to reduce the wind turbine mechanical 

power to improve stability. For fixed-speed rotor short-

circuited induction generators, it is not possible to control the 

input mechanical power, and therefore the effective approach 

would be the use of reactive power compensators such as 

Static Synchronous Compensator STATCOM or Static Var 

Compensator SVC to help the voltage recovery. Squirrel cage 

induction generators can become easily unstable under low 

voltage conditions, as low terminal voltage lead to: larger rotor 

slip, larger reactive power consumption, further lowering of 

terminal voltage, and this may lead to disconnecting the 

turbine. Initial low voltage conditions may be originated by 

conditions different than faults. So that the wind turbines can 

be equipped with a controllable source of reactive power to 

deliver the reactive power required to accelerate the voltage 

restoration [4]. Since the induction generators do not perform 

voltage regulation and absorb reactive power from the utility 

grid, they are often the source of voltage fluctuations [5]. The 

ability of a wind power plant to stay connected during 

disturbance is important to avoid the time of reconnection 

process, which need from 4 to 5 min and also to avoid 

cascading disturbance due to lack of generation. Furthermore 

it is economically convenient to handle the fault, without 
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disconnecting the wind turbine from the grid [6–8]. It is 

necessary to examine the responses of SCIG wind farm during 

the faults and possible impacts on the system stability. In this 

paper, the impacts of fault location and its duration time on 9 

MW wind farm interconnected grid are studied by monitoring 

the active power, reactive power, and bus voltage of the wind 

farm. Also, the contribution of STATCOM to support the wind 

farm during different fault locations and durations are studied. 

II.  DEVELOPMENT OF A SMARTPARK MODEL 

The SmartPark model in this paper is represented by a 

battery followed by a bidirectional three-phase inverter, as 

shown in Fig. 1. The inverter generates a 208V three-phase 

line-to-line rms voltage, which is then passed through a 

208V/22kV step-up transformer and connected to the 

SmartPark bus. Between the inverter and the transformer is a 

small (0.5mH) inductance. The control of the inverters is 

designed in such a way that each inverter can draw ±20 MW of 

active power. Considering that each vehicle can draw ±25 kW, 

each SmartPark in this paper represents 800 aggregated 

vehicles.  

 

Fig. 1 PEV with dc voltage source (battery) followed by an inverter 

 

Here, the ‗+‘ sign indicates that the vehicles are injecting 

power to the grid, i.e., they are in discharging mode, and the ‗-

‗ sign indicates that they are absorbing power from the grid, 

i.e., the vehicles are in charging mode. The control strategy for 

the SmartPark is presented in Fig. 2. In the d-q reference 

frame, the active and reactive powers coming out of the 

inverter are [12]: 
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In the synchronous reference frame, the peak line-to-neutral 

voltage is in the q-axis, and   . Therefore, the basis of the 

control is to command the currents in response to the 

demanded power: 
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The first components of (3) and (4) are based on the power 

equations (1) and (2), in which peakv is a filtered version of 

the line-to-neutral rms voltage. This portion creates a quick 

response to sudden changes in commanded power. The 

integral term trims out the steady-state error. As shown in Fig. 

2, a limit is placed on the   commanded   current,   thus   

preventing   integrator windup. The commanded q- and d-axis 

currents are then transformed to a-b-c variables in which delta 

current-regulation controls the converter transistor switches. 

As shown in Fig. 2, a limit is placed on the commanded 

current to prevent a large current from flowing through the 

vehicle battery and inverter during adverse grid interactions. 

However, if the *
dsi or 

*
qsi  hits the upper limit and the error is 

still positive, the error accumulates through the integrator. 

Then, when the control action is supposed to reduce, this 

accumulated error prevents it from coming down to the desired 

value. This creates an overshoot and delays settling. Similar 

events occur when the control action hits the lower limit and 

the error is still negative. In order to solve this problem, an 

anti-windup strategy is used. This strategy resets the 

integrators in the two situations mentioned above. A number of 

more efficient and elaborate anti-windup strategies exist. This 

particular strategy is used in this paper because of its 

simplicity, and it served its purpose quite nicely. However, 

resetting an integrator creates a discontinuity in the system that 

could result in additional complexities in the system‘s 

dynamics. A thorough investigation of different anti-windup 

strategies is beyond the scope of this paper, but a detailed 

analysis of anti-windup strategies can be found in [13]. 

Based on the active and reactive power capabilities of an 

individual vehicle, SmartPark models are developed. The same 

battery-inverter model (Fig. 1) represents a SmartPark 

consisting of hundreds of such vehicles. The SmartPark is 

connected to the respective SmartPark bus through a 208 

V/22.0 kV step-up transformer. The ratings of the inverter and 

the control parameters are modified accordingly. The controls 

of these SmartParks (inverters) are designed such that they are 

capable of 30 MW of power transaction with the grid. 

Considering that the average power transaction capabilities of 

individual vehicles is 30 kW, each of these parking lots should 

contain nearly 1000 vehicles to achieve that capability. In a 

typical city, it is quite reasonable to assume that there will be 

several large parking lots (at shopping malls, airports, etc.) 

distributed throughout the city in distances of one to a few 

kilometers with similar or even greater vehicle capacity. The 

reactive power capabilities are also designed as 30 kVAR from 

each vehicle and thus are a total of 30 MVAR from each 

parking lot. When the SmartParks are used in voltage control 

mode, an additional voltage control loop is used in the control 

strategy, which is otherwise similar to that of an individual 

vehicle inverter. In voltage control mode, the bus rms voltage 

is first compared with the reference voltage, and the error is 

passed through a PI controller to generate the reactive power 

command for the SmartParks. 
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III. MODELING THE TEST SYSTEM 

A. Modeling the Overall System 

The proposed test system, shown in Fig. 3, consists of 12 

busses (six 230 kV busses, two 345-kV buses and four 22-kV 

buses). The test system covers three geographical areas (Area 

1, 2, and 3). Area 1 is predominantly a generation area with 

most of its generation coming from hydro power. Area 2, 

situated between the main generation area (Area 1) and the 

main load center (Area 3), has some hydro generation 

available but is insufficient to meet local demand. Area 3, 

situated about 500 km from Area 1, is a load center with some 

thermal generation available. Furthermore, as Area 2 

generation has limited energy availability, the system demand 

must often be satisfied through transmission. The transmission 

system consists of 230 kV transmission lines with the 

exception of one 345-kV link between areas 1 and 3 (between 

busses 7 and 8). Areas 2 and 3 have switched shunt capacitors 

to support the voltage. 

B. Modeling the STATCOM 

In order to compare the performance of the STATCOM with 

10 SmartParks of 30 MVAR capacity, a 300 MVAR 

STATCOM is considered. The switch in Fig. 3 can toggle 

between the two positions to connect either the STATCOM or 

the SmartPark bus (bus 13) to bus 4. The STATCOM is used 

in voltage control mode with a control strategy similar to [11], 

as shown in Fig. 4. One PI controller generates the d–axis 

current reference while maintaining the dc-bus voltage of the 

STATCOM at a constant value, and the other PI controller 

generates the -axis current reference with an objective to 

maintain the voltage at bus 4 at a desired level. The other two 

PI controllers keep track of the reference currents, and their 

outputs are added to the cross coupling compensation terms to 

produce and -axis commanded voltages. Those voltages are 

converted to an a-b-c reference frame, and the pulses are 

generated by sine-triangle modulation. 

The entire system‘s PI controllers are tuned by trial and 

error following the common industry procedure for large-scale, 

nonlinear systems, as mentioned in [14]. 

 (8)

  Fig. 2 Current control strategy for the SmartParks (control for active power control) 

 

 
 

Fig. 3 12-bus test system 
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IV. SIMULATION RESULTS   

In this case study, the performance of the SmartParks in 

voltage control mode is compared with a STATCOM when it 

is connected to bus 4 (Fig. 3). The infinite bus voltage 

magnitude (G1) varies from 1.0 p.u. to 0.95 p.u. and then to 

1.05 p.u., and finally back to 1.0 p.u. at    t = [2 2.5 3] (s), 

respectively. Without any reactive power compensation, the 

nominal voltage at bus 4 has a lot of oscillations. In order to 

establish that, the SmartParks is connected to the bus 4. A 

similar experiment was carried out with a 300 MVAR 

STATCOM, and these two performances are compared. 

Fig. 4 shows the voltage amplitude of bus 4. As it can be 

seen, the SmartParks behave almost exactly like the actual 

STATCOM for the entire range of the test. Fig. 5 compares the 

reactive power injection from the STATCOM and from the ten 

SmartParks. The same amount of reactive power was injected 

or absorbed during the voltage regulation study. From Figs. 4 

and 5 it could be concluded that the cheap SmartParks system 

can act as an expensive FACTS device in power flow control 

of power systems. 

 

Fig 4 STATCOM control scheme 

 

 

Fig. 5 STATCOM and SmartParks performance in voltage control    

at Bus 4 

 

 

Fig. 6 STATCOM and SmartParks reactive power 

V.  CONCLUSIONS 

A real-time model of a SmartPark and utilizing the 

aggregation as a virtual STATCOM has been developed in this 

paper. A methodical analysis is carried out to obtain a realistic 

assessment of the reactive power capability of a commercially 

available hybrid vehicle battery. Then, an aggregated 

SmartPark model is developed on a real-time digital simulator 

platform and a current control strategy for the inverter is 

proposed considering the adverse grid interactions. Also, ten 

SmartParks, each representing more vehicle capacity are also 

modeled and integrated to a 12-bus power system. Simulation 

results shows the effectiveness of the proposed models in 

power flow control of power systems. 
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