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Abstract—When power systems are interconnected, 

consideration needs to be given to the ability of the system to 

produce energy without affecting grid stability and reliability. 

This work is aimed at solving the stability problem of multi-

machine wind power integrated system with the help of power 

system stabilizers (PSS) and a static VAr compensator (SVC) 

which is externally controlled by a Proportional Integral 

Differential (PID) controller. The wind generator model 

considered is a doubly fed induction generator model. The 

PID controller parameters have been selected by using 

Ziegler-Nichols tuning rule method. The stability assessment 

is made for both single phase and three phase fault with PSS 

in the power network, then with SVC and then with the PID 

Controlled SVC. The simulation results prove that by using 

PSS and SVC with PID Controller, the time for damping the 

oscillations, magnitude of the oscillations, machine speed 

deviations and the voltage settling time can be significantly 

reduced. Thus the Stability of a wind power integrated system 

can be greatly enhanced. 

Keywords—PSS; SVC; PID Controller; DFIG; Stability; 
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I.   Introduction 
The demand for Electricity is increasing day by day due to 

increase in population and industrialization. New power plants 

will be required to keep up with that increasing demand. In 

recent years, the extraction of power from the wind has become 

a recognized industry due to its simple economics and clean 

energy. But the ability of a power system to absorb available 

wind energy and maintain the system reliability and stability is 

reduced as the wind penetration in the system is increased [1]. 

Also the availability of wind power is not continuous as it 

depends on climatic conditions. To overcome these limitations 

it is desirable to coordinate the operation of wind power with 

fast responding conventional generating units.  

This work focuses on the stability enhancement of a multi 

machine wind power integrated system with the help of an 

externally controlled Static VAr Compensator and Power 

system stabilizer. 

A. Stability Issues 

Power system stability is a vital and important issue for a 

reliable and secure operation of an interconnected power 

system. Stability problems of power system are usually 

evaluated by considering rotor angle stability of synchronous 

generators [2]. As most wind farm installations employ 

induction machines, rotor angle stability analysis alone is 

inadequate to fully evaluate system stability. There is a need to 

carry out a detailed voltage stability analysis also. So in this 

work both rotor angle stability and voltage stability has been 

considered. 

As power systems became interconnected, areas of 

generation were found to be prone to electromechanical 

oscillations. If not controlled, these oscillations may lead to 

total or partial power interruption. Certain system disturbances 

may cause loss of synchronism between a generator and the rest 

of the utility system, or between interconnected power systems 

of neighboring utilities [3]. So for the present work the 

generators are equipped with Power System Stabilizers (PSS) 

as supplementary control devices, to provide damping and 

improve the dynamic performance. But in the case of inter-area 

mode and intra-area mode oscillations PSSs take a large time to 

maintain the stability of power system, thus arises the need for 

FACTS devices which give additional support to maintain the 

stability of power system.  

B. FACTS Technology 

FACTS devices play an important role in controlling power 

flow and enhancing system stability in power systems. A Static 

VAr Compensator (SVC) is a shunt device of the Flexible AC 

Transmission Systems (FACTS) family using power electronics 

to control power flow and improve transient stability on power 

grids [4]. An SVC can be controlled externally by using 

properly designed different types of controllers which can 

improve voltage stability of a large scale power system [5]. 

With a view to get a better performance PID controller has been 

designed for SVC to inject reference voltage externally. 

Therefore, for the present work SVC with PID controllers has 

been used to improve the performance of multi-machine power 

system. 

II. Material and Methodology 
A. Power System Stabilizer 

The power system stabilizers (PSS) were developed to add 

damping to the rotor oscillations of the synchronous machine 

by controlling its excitation using auxiliary stabilizing signals 

such as shaft speed, frequency, power etc.  

 

               Fig.1 General Power System Stabilizer 

The lead-lag PSS structure is shown in Fig 1 [6].  Initially, a 

Transducer Filter represents the measurement transducer that 
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gives a signal of the measured quantity. Then, a Washout Filter 

which is a high pass filter used to define the frequency from 

which the PSS begins to operate. The measured signal is passed 

through this filter to prevent the PSS to act when slow changes 

occur (operating point changes). The Gain determines the level 

of damping provided with the PSS. The PSS is also constituted 

by a Phase Compensation algorithm by using lead lag filters. 

The phase difference between the excitation system input and 

the resulting electrical torque is compensated using a cascade of 

lead lag filters. Finally, a Limiter is used to keep the PSS output 

voltage within a range of values that it can be added to the 

voltage error in the AVR. The PSS model uses machine speed 

deviations as input signal.  

 In the model T6 is the transducer filter time constant, 

Tw1 is the washout filter time constant, Tn1, Tn3 and Tn10 are the 

leading time constants, Td2, Td4 and Td11 are the lag time 

constants and K is the PSS gain.  

B. Static VAr Compensator 

An SVC regulates voltage at its terminals by controlling the 

amount of reactive power injected into or absorbed from the 

power system [7]. When system voltage is low, the SVC 

generates reactive power (SVC capacitive). When system 

voltage is high, it absorbs reactive power (SVC inductive). The 

control system for SVC is shown in Fig.2. 

 

                           Fig.2 Control System of SVC  

 A measurement system measuring the positive-

sequence voltage to be controlled. A Fourier-based 

measurement system using a one-cycle running 

average is used. 

 A voltage regulator that uses the voltage error to 

determine the SVC susceptance B needed to keep the 

system voltage constant. 

 Distribution Unit uses the primary susceptance Bsvc 

computed by the voltage regulator to determine the 

TCR firing angle α and the status (on/off) of the three 

TSC branches. The firing angle α as a function of the 

TCR susceptance BTCR is implemented by a look-up 

table from the equation: 

                   𝐵𝑇𝐶𝑅 =
2 𝜋−α +sin (2α)

𝜋
                                 (1)                                                  

Where BTCR is the TCR susceptance in pu of rated 

TCR reactive power. 

 A synchronizing system using a phase-locked loop 

(PLL) synchronized on the secondary voltages and a 

pulse generator that send appropriate pulses to the 

thyristors. 

The SVC rating is as follows: 

 QTSC = 3. 94 MVAr ,  QTCR = 109 MVAr  

C. Modelling PID Controller for SVC 

A PID Controller is a combination of Proportional, Integral, 

and Derivative controllers (denoted P, I, and D). P depends on 

the present error, I on the accumulation of past errors, and D is 

a prediction of future errors. The controller output u(t) is: 

𝑢 𝑡 = 𝑀𝑉 𝑡 = 𝐾𝑝𝑒 𝑡 + 𝐾𝑖   𝑒 𝜏 𝑑𝜏
𝑡

0
+ 𝐾𝑑  

𝑑

𝑑𝑡
𝑒(𝑡) (2) 

 𝐾𝑝    : Proportional gain, a tuning parameter 

𝐾𝑖     : Integral gain, a tuning parameter 

𝐾𝑑    : Derivative gain, a tuning parameter 

e      : Error 

The actuating signal and the transfer function of PID 

controller can be given as: 

𝐸𝑎 𝑠 = 𝐾𝑝𝐸 𝑠 [1 + 𝑠𝑇𝑑 +
1

𝑠𝑇𝑖
]            (3) 

  𝐺𝑐 𝑠 = 𝐾𝑝 + 𝑠𝐾𝑑 +
𝐾𝑖

𝑆
            (4) 

 The process of adjustment of the control parameters of the 

controller to its optimum values for the desired control response 

is called PID tuning. For selecting the proper controller 

parameters, Ziegler-Nichols PID Tuning method is used [8]. 

Steps to determine PID controller parameters: 

1. Reduce the integrator and derivative gains to 0.  

2. Increase Kp from 0 to some critical value Kp=Kc at    

           which sustained oscillations occur. 

3. Note the value Kc and the corresponding period of  

           sustained oscillation, Tc  

4.  The controller parameters are now specified as follows: 

       Table 1 Controller Parameters 

 

Kp 
Ti  Td 

 

0.6KC 

 

TC/2 

 

TC/8 

 

Tc is measured as below: 

 
                               Fig 3 Measurement of TC 

KC is increased from 0 to a particular value at which sustained 

oscillations occur. Here sustained oscillations are obtained at  

Kc =200, shown in Fig 4.  At KC = 200, TC = 0.2 
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                          Fig 4 Sustained oscillations 

For a PID Controller the Transfer function is given by:  

𝑈(𝑠)

𝐸(𝑠)
= 𝐾𝑃  1 +

1

𝑇𝑖𝑠
  

𝑇𝑑𝑠+1

𝛼𝑇𝑑𝑠+1
                              (5) 

  Where 𝛼 = 1 +
𝑇𝑑

𝑇𝑖
 

By formula: 

   Kp = 0.6 × Kc  = 0.6 × 200  = 120 

   Ti = Tc/2 = 0.2/2 = 0.1 

   Td = Tc/8 = 0.025 

Substituting the values for Kp, Td, Ti and 𝛼 in equation 5, we 

get: 
𝑈(𝑠)

𝐸(𝑠)
= 120  

𝑠+10

𝑠
  

𝑠+40

𝑠+1
                                                (6) 

                                                                  

        With the above equation, PID controller is developed and 

the simulink model of which is shown in Fig 5 and that of PID 

Controlled SVC is shown in Fig 6. Machine speeds are given as 

input to the PID Controller. 

 

 
               Fig 5 Simulink diagram of PID Controller  

 

 
Fig 6 PID controlled SVC 

D. Simulation Model of the System 

A 1000 MW hydraulic generation plant (M1) is connected to 

a load center through a long 500 kV, 700 km transmission line. 

The load center is modeled by a 5000 MW resistive load. The 

load is fed by the remote 1000 MVA plant and a local 

generation of 5000 MVA (plant M2) [9]. Power system 

stabilizers are respectively installed in two synchronous 

generators. A 9-MW DFIG (Doubly Fed Induction Generator) 

based wind farm consisting of six 1.5 MW wind turbines is 

integrated into the 500 KV power grid at the bus B1. The stator 

winding is connected directly to the 50 Hz grid while the rotor 

is fed through the AC/DC/AC converter. The nominal wind 

turbine mechanical output is 6×1.5×10
6
 watts. The generator 

rated power is 6×1.5/0.9 MVA (6×1.5 MW at 0.9 PF). The 

nominal DC bus capacitor is 6×10000 microfarads. An 

externally controlled 300 MVAr Static VAr Compensator is 

designed for the system and the transmission line is shunt 

compensated by the SVC. Simulink blocks along with Sim 

Power System blocks were selected to design and implement 

entire system. The model of which is shown in fig 7.  

 

          Fig 7 Wind power integrated system with SVC 

III. Results and Tables 

 
A. Results without PSS and SVC 

Fig 8 shows the result of the system with single phase fault 

introduced at 15.1s.                            

 
     Fig 8(a) Result without PSS and SVC (with 1 ϕ fault) 
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      Fig 8(b) Result without PSS and SVC (with 1 ϕ fault) 

 

In Fig 8, the machine speed deviates, system voltage and 

power oscillates, difference between rotor angles of the two 

machines increased tremendously and ultimately loses its 

synchronism. So to damp out these oscillations and to bring 

back the system to its stable condition, a power system 

stabilizer is needed. 

B.    Results with PSS alone 

The result of the system with PSS is shown in Fig 9. A 

single phase fault is introduced at 15.1s. The rotor angle 

difference of the two machines varies from 18
o
 to 52

o
 becomes 

stable at 42
o
 in 4s. Speed of the two machines become stable in 

3s and terminal voltages become stable in 4s. VB1=1.1pu, 

VB2=1.0755pu, VB3=1 pu, the line transmission power is stable 

in 910 MW.  

 
         Fig 9(a) Simulation result with PSS (with 1 ϕ fault)    

 
         Fig 9(b) Simulation result with PSS (with 1 ϕ fault)  

   

From the results it is clear that, the introduction of PSS 

weakens the oscillation of rotor angle, reduce the oscillation of 

voltage waveform and system came back to its stable state. But 

at the unstable condition the magnitude of rotor angle 

oscillations varies over a wide range and also the system takes a 

long time to become stable. Thus the results are not satisfactory 

and an extra compensation is needed.  

C.   Results with PSS and SVC 

The result of the system with PSS and SVC is shown in Fig 

10. A single phase fault is introduced at 15.1s. The variation of 

rotor angle difference of the two machines has been reduced to 

15
o
 to 50

o
 becomes stable at 42

o
 in 3s. Speed of the two 

machines become stable in 2s and terminal voltages become 

stable in 3s. The bus voltages VB1=1.1pu, VB2=1.0755pu, 

VB3=1pu, and the line transmission power is stable in 2.5s with 

910MW. 

 

         Fig 10 (a) Result with PSS and SVC (with 1 ϕ fault) 

 
       Fig 10 (b) Result with PSS and SVC (with 1 ϕ fault) 

 

  Analysing the results, it is clear that the system with 

SVC and PSS together reduces the oscillation of voltage 

waveform and magnitude of rotor angle oscillations. Also the 

system came back to its stable state within a shorter time 

compared to the system with PSS alone. Still for a better 

performance of the system and for further improvement of 

system stability an external controller is designed for SVC. 

D.   Results with PID controlled SVC 

In Fig 11 a single phase fault is introduced at 15.1s. The 

variation of rotor angle difference of the two machines has been 

further reduced to 28
o
 to 50

o 
and becomes stable at 42

o
 in 1.5s. 

Speed of the two machines and terminal voltages become stable 
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in 1.5s. The bus voltages VB1=1.1pu, VB2=1.0755pu, VB3=1pu, 

and the line transmission power is stable in 1.5s with 910 MW.  

 

Fig 11 (a) Result with PID Controlled SVC (with 1ϕ fault) 

 

Fig 11(b) Result with PID Controlled SVC (with 1ϕ fault) 

The results reveal that, the proposed PID controller which is 

tuned by using Ziegler-Nichols tuning method is highly suitable 

for SVC because of shorter voltage stability time & machine 

oscillation becomes damped out within very shortest possible 

time. The performance of the proposed system with single 

phase fault has been summarized in Table 2. 

                   Table 2 Comparison of the Results 

 

IV. Conclusion 
The work focussed on improving the stability of wind power 

integrated system. The network is simulated in three steps, with 

PSS, with SVC & with PID controlled SVC.  

A Single phase fault is introduced in the system and 

corresponding results have been displayed. The results reveal 

 

 

 

 

that this proposed PID controller is highly suitable for SVC 

as it reduces the oscillation of voltage waveform and magnitude 

of rotor angle oscillations. Also the system came back to its 

stable state within a very shortest possible time. Then the 

Power system stabilizers are efficient in damping out the rotor 

angle oscillations.  

Thus with the introduction of PSS and PID Controlled SVC, 

the time for damping the rotor angle oscillations, magnitude of 

the rotor angle oscillations, oscillation of voltage waveform, 

and Machine speed variations have been successfully reduced, 

thereby enhancing the stability of the wind power integrated 

system. 
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