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Abstract—. Transient stability analysis of a power system with wind generation has been addressed in this 

paper. The effects of automatic voltage regulators, power system stabilizers, and static synchronous compensators on transient 

stability of a power system are investigated. Various simulation results show that addition of power system stabilizer and static 

synchronous compensators reduce the rotor angle oscillations. However, the static synchronous compensator shows better 

damping characteristics and improves the stability of the wind integrated system. It has been established that the static 

synchronous compensator damps out the speed oscillations in the shaft of the constant speed wind turbine. 
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I. INTRODUCTION 

Out of the total generation of power, a large part of it is being 

met by the conventional power sources like thermal, hydro, 

and nuclear. However, due to some inherent disadvantages like 

increased environmental impact, decreased water availability 

and radiation hazards of the conventional power sources more 

emphasis is being given to tap the non-conventional resources 

like solar, tidal, geothermal and wind energy in the present 

time. However, the utilization of these resources which are 

usually dispersed in nature make the operation of the power 

system very complex. Therefore, studies like optimal power 

flow, unit commitment, steady state stability and transient 

stability of such a complex system need to be addressed and 

studied. The transient stability being very crucial for the 

operation of the system has to be studied for a wind 

interconnected power system. Transient stability entails the 

evaluation of a power system’s ability to withstand large 

disturbances and to survive the transition to another operating 

condition. These disturbance may be faults such as 

short circuit on a transmission line, loss of a generator, loss of 

a load, gain of load or loss of a portion of transmission network 

[1].  

II. TWO AREA SYSTEM WITH SHUNT FACTS 

DEVICE (STATCOM) 

Consider a two area system (area 1 & area 2), which is 

connected by a single circuit long transmission line as shown 

in fig. 1.[12, 13, 17]. 

 

[6] The real power flow is from area 1 to area 2. Here the 

transmission line is divided in two sections (section 1 and 

section 2). For a long transmission line of length l, having a 

series impedance of z ohm/km and shunt admittance of y 

mho/km, the relationship between the sending-end and 

receiving-end quantities with A, B, C, D constants of the line 

can be written as: 

VS = AVR+ BIR‘ (1) 

IS = CVR  + DIR‘ (2) 

With the line resistance and capacitance neglected, both 

sending end power (PS) and receiving end power (PR) become 

maximum at power angle δ = 90°. When a shunt FACTS device 

is connected to a long transmission line to increase the power 

transfer capability, the above simplifications may provide 

following results for active power flow at sending and 

receiving end side: 
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PS = K1 cos (θ2 – θ1) – K2 cos (θ2 – δ), (3) 

PR = K2 cos (θ2 – δ) – K3 cos (θ2 – θ1), (4) 

Where    

K1= A V2
S/B,   2 = VSVR/B, K3 = AV2

R/B 

A = │A│ ∠ θ1, B = │B│∠θ2, VR = │VR │∠0,  VS = │VS│∠δ 

 

It is clear from Eqn. 4 that the receiving end powerPR reaches 

the maximum value when the angle δ becomes θ2. [19, 

2]However, the sending end power PS of Eqn. 3 becomes 

maximum at δ = (180 − θ2). 

III. SIMULATION STUDIES 

Figure 2 shows the Simulink model of two hydraulic 

generating units of 1400 MVA and 700 MVA nominal power 

rating and generate 13.8 KV line voltages at 50 Hz line 

frequency. There is also a wind generator of 50MVA, 0.69KV, 

50 Hz nominal rating and this is connected in parallel with the 

1400 MVA hydraulic generator at the same bus b1. These 

hydraulic units are equipped with a hydraulic turbine and 

governor (HTG), excitation system. These components are 

included in Subsystem1 and Subsystem2 blocks as shown in 

figure 5.1. Reference mechanical power or initial power 

outputs of the generators are taken as Pref1 = 0.8 pu and Pref2 

= 0.4 pu. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Fig. 2 MATLAB simulation model of two machine 
system for transient stability study with STATCOM 

Three step up transformers T1, T2 and T3 are connected at the 

each end of the generating units, which gives 500 KV as 

transmission voltage. All these components are connected via 

two parallel 250 km long transmission lines, Line 1 and Line 2 

as shown in figure 5.1. A STATCOM is used for this model 

which has the rating of 100 MVA and reference voltage is set 

to 500 KV as 1 pu. 

 The 1400 MVA unit with 50 MVA unit is considered 

as sending end unit and 700 MVA unit as receiving end unit. A 

reactive load of 1415 MW/500 MVAR is connected towards 

receiving end as shown in fig. 5.1. A three phase fault occurs at 

one of the parallel lines for the period of t=2 - 5 sec. the system 

is restored after the clearance of the fault. PSS considered here 

gives effective damping for power swings over a wide range of 

time. 

Figure 3 shows the simulation results of rotor angle 

difference (diff) without the effect of STATCOM and PSS on 

hybrid power system. We can see that without considering 

STATCOM and PSS in the system, the system attains the 

stability in more than 10 sec. Here the damping of rotor 

oscillations is low. As we can see in the figure 6.1, the 

maximum overshoot of rotor angle difference angle is 46°. 

 

 

 

 

 

 

 

Fig. 3(a)  Rotor angle difference without 

STATCOM and PSS 
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STATCOM and PSS 

Figure 3(a) shows the simulation results of rotor angle 

difference (diff) without the effect of STATCOM and PSS on 

hybrid power system. We can see that without considering 

STATCOM and PSS in the system, the system attains the 

stability in more than 10 sec. Here the damping of rotor 

oscillations is low. As we can see in the figure 6.1, the 

maximum overshoot of rotor angle difference angle is 46°. 

Figure 3(b)shows the active and reactive power flow at bus B1 

of the hybrid power system considered. In the fault duration 

i.e. between 2-5 sec., both active and reactive power varies 

accordingly. At 2 sec., there is a fall in both the powers and at 

5 sec., both the power rises because fault is cleared at t=5 sec. 

After then, they reduce to attain a constant value.    Figure 3(c) 

shows the simulation results of rotor angle difference (diff) 

with the effect of STATCOM and PSS on hybrid power 

system. We can see that with considering STATCOM and PSS 

in the system, oscillations in rotor angles are damped out and 

system attains stability in less time compared to previous 

result. Here the damping effect on rotor oscillations is high. As 

we can see in the figure 6.3, the maximum overshoot of rotor 

angle difference angle is 35°. As we can see in the figure 3(c), 

the rotor angle difference is almost constant during the fault 

time. So we can say that system is stable if the hybrid power 

system, considered here, is used with STATCOM and PSS. 

Figure 3(d) shows the active and reactive power flow at bus B1 

of the hybrid power system considered. In the fault duration 

i.e. between 2-5 sec., both active and reactive power is almost 

constant as compared to figure 3(d). So when the hybrid power 

system is used with STATCOM and PSS, it gives better 

stability. With STATCOM and PSS, the system is very less 

affected by transients. 

IV. CONCLUSION 

 

In this work, The stability of the wind integrated system during 

the network turbulance under normal condition is been 

improved by connecting a PSS with the exciter circuit of the 

alternators, which damps out oscillations and hence stabilizing 

the system. However, the settling time is quite high even in 

presence of PSS.  

The installation of a shunt device like STATCOM 

further enhances the stability by reducing the settling time of 

oscillations both in voltage and rotor angle. An impact factor 

has been proposed which shows the level of impact on 

transient stability under the various scenarios considered. The 

impact level in the presence of STATCOM and excitation 

controllers (AVR and PSS) is highly reduced. The STATCOM 

also reduces the shaft speed oscillations at the turbine end 

permitting a safe operation of wind turbine without fatigue 

during network disturbances. 

1. SYNCHRONOUS GENERATOR PARAMETERS 

Nominal Power, Pn  M1 = 1400 MVA,  

M2= 700 MVA 

L-L voltage, Vrms = 13.8 KV 

           M2    Stator resistance, Rs = 2.8544*10-3  pu  

Inertia coefficient, H = 4.44 sec 

Frequency, f = 50 Hz, Poles Pair, p = 13 

Xd = 1.0875 pu, Xd’ = 0.2467 pu, Xd” = 0.2125 pu, Xq = 0.395 

pu, Xq” = 0.2025 pu, Xl = 0.15 pu, Td’ =0.82907 sec., Td” = 

0.02432 sec., Tqo” = 0.0351 sec. 

2. TRANSFORMER PARAMETERS 

T1: Primary side, V1=13.8 KV, R1=0.001 pu 

Secondary side, V2=500 KV, R2=0.0112 pu,  L2=0.25334 pu 
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T2: Primary side, V1=13.8 KV, R1=0.001 pu 

Secondary side, V2=500 KV, R2=0.0101 pu,  L2=0.12667 pu 

T3: Primary side, V1=0.69 KV,  R1=0.001 pu 

Secondary side, V2=500 KV, R2=0.0101 pu,  L2=0.12667 pu 

Frequency, f = 50 Hz, Rm = 500 pu, Lm = 500 pu 

3. WIND TURBINE INDUCTION GENERATOR 

Generator Data: Nominal Power, Pn = 50MW, L-L voltage, 

Vrms = 0.69 KV, Stator resistance, Rs = 0.01  pu, Stator 

resistance, Rr’ = 0.01  pu, Magnetizing Inductance, Lm = 6.5 pu, 

Poles Pair, p = 3, Inertia Constant, H = 0.5 s 

Turbine Data: Mechanical output power = 50MW, Base wind 

speed = 9 m/s, Pitch angle controller gain Kp = 5; Ki = 25, 

Maximum pitch angle = 45deg. 
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