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Abstract – Power quality is a very essential to assure the good performance of the machines at the utility end. Day 

by day power demand is increasing largely while the increase of power generation and transmission has been severely 

limited due to limited resources. The increasing demand results, some transmission lines may be heavily loaded and 

the power system not be stable. Flexible AC transmission systems (FACTS) controllers have been widely used to solve 

existing diverse power system steady state control problems. In this work static synchronous series compensator 

(SSSC) with modified power oscillation damping (POD) controller is proposed for power system stability 

enhancement. The transient stability constrained for optimal power flow is a big challenge in the field of power 

systems because of its high complication and wide-ranging computation effort involved in its solution. This study 

presents a new approach to compensate the transient stability in power system. This work deals with modified POD 

design and compare with existing auxiliary POD control method. The work summaries the results of the modified 

POD control method with SSSC to enhance the transient stability. The model is designed in MATLAB software with 

Sim Power System tool box and simulated, from the results it verifies the effectiveness of the proposed method. 

Keywords – SSSC, POD, Modified POD, Lead-Lag Compensator, Power Quality Issues, FACTS Devises. 

I. INTRODUCTION 

With the rise in electricity demand, it is tricky to maintain balanced power supply. It is necessary to improve 

the electricity generation in a cost-effective way. To improve the power generation, the existing power system 

networks. Improve power flow transfer capacity, it is necessary to improve transient stability limit it is possible 

with current power electronic devices known as FACTS devices with POD power oscillation damper [1]. First we 

all know what power system stability by this definition is and description Transient stability is highly nonlinear 

problem during which system exhibits several transients which leads to system blackouts. Power system stability 

is the ability of an electric power system, for a given initial operating condition, to regain a state of operating 

equilibrium after being subjected to a physical disturbance, with most system variables bounded so that 

practically the entire system remains intact [2, 4]. AC transmission systems (FACTS) controllers have been 

mainly used for solving various power system steady state control problems. However, recent studies reveal that 

the FACTS controllers could be employed to enhance power system stability in addition to their main function of 

power flow control. Power oscillation damping can be achieved with an SSSC by modulating the series reactance 

of the power transmission line to increase and decrease the transmitted power [3]. Power oscillations in power 

transmission systems, mainly in terms of local plant mode oscillations and inter-area power oscillations, are 

common phenomena in power transmission system with rotational electric generators [2, 4, 5]. The main causes 

of the power swings occurring transmission system are electromechanical oscillations of rotational generators due 

to fault of systems, transmission line switching, and sudden change of output of generators and sudden Change of 

critical loads [6]. The oscillation can last for 20 seconds with low frequency which is lower than 2Hz. Due to very 
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low line resistive characteristic ability of oscillation damping of the transmission system internally is very low. 

Variation of power can be large during power oscillations, especially inter-area power oscillations [7, 8]. It 

causes the problems of limitation of power flow, mechanical wear of power generation systems and problems of 

power quality. Areas in many countries faced wide scale blackouts led by power oscillation such as Western 

Australia in 1983 and Taiwan in1985. As a result, power oscillation damping (POD) has to be achieved as fast as 

possible. The SSSC’s counterpart is the Dynamic Voltage Regulator (DVR). Even though both are used for series 

voltage sag compensation, their operating principles differ from each other [5, 8]. The static synchronous series 

compensator infuses a balance voltage in series with the transmission line [7]. On the contrary, the DVR 

compensates the unbalance in supply voltage of different phases. Also, DVRs are generally installed on a critical 

feeder supplying the active power via DC energy storage and the required reactive power is generated internally 

without any medium of DC storage [9]. 

The power system stability can be classified into following category.  

i. Small signal stability. 

ii. Transient stability Mid-term stability long term stability. 

II. Static Synchronous Series Compensator (SSSC) 

This device job the same way as the STATCOM. It has a voltage source converter series connected to a 

transmission line through a transformer. It is necessary an energy source to provide a continuous voltage 

through a condenser compensate the losses of the VSC. A SSSC is able to enhance active and reactive power 

with the transmission system. But if our only plan is to balance the reactive power, the energy source could be 

quite small. The injected voltage can be controlled in phase and magnitude if we have an energy source that is 

big enough for the purpose [6]. With reactive power compensation only the voltage is controllable, because the 

voltage vector forms 90º degrees with the line intensity. In this case the serial injected voltage can delay or 

advanced the line current. This means that the SSSC can be uniformly controlled in any value, in the VSC 

working slot. 

 

Fig. 1. Static Synchronous Series Compensator (SSSC) Diagram [4]. 

The total line reactance is varied by injecting a closed-loop controlled variable compensating voltage, Vq, with 

90° lagging or leading to the line current, I. The SSSC is in inductive mode when Vq is 90° leading to I for 

decreasing P, and is in capacitive mode when Vq is 90° lagging to I for increasing P. The compensating reactance 

of the SSSC is:               for Vq is 90° leading or lagging to I. 
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                (a)                                                                               (b) 

Fig. 2. (a) Two-machine system for SSSC (b) phasor diagram [3]. 

The SSSC output current compares to the transmission line current, which is influenced by power system 

impedance, loading and voltage profile, as well as by the actions of the SSSC [12, 14]. It has to be noted that the 

infused SSSC voltage Vpq is different from the SSSC output voltage SSSC V, due to the voltage drop or rise 

across the series transformer reactance, i.e., 

pq SSSC lineV V V                (1)
 

The controller for the SSSC can be isolated, generally, into two main controllers, namely internal and external 

controllers. The main function of the internal controller is to give the control signal to drive the gate pattern 

generator of the power converter keeping in mind to generate a fundamental output voltage waveform with the 

desired magnitude and phase angle in synchronism with the ac power system. The block diagram of the SSSC 

controller is represented in Figure 3. 

III. GENERAL DESCRIPTION OF POD COMPONENTS 

To achieve acceptable performances, in modern power systems, additional control loops are generally added to 

the systems. For instance, to improve the damping of the inter-area modes, Power Oscillation Damping (POD) 

controller is added to the systems. Its role is to modulate the active and the reactive powers injected by the 

systems. The washout filters smooth the input when there are changes in the input signal. Additionally, the filter 

rejects the entries of steady state, letting the transient oscillations get through to the POD [15, 16]. The lead-lag 

compensators are used to improve the frequency enters to the POD. Depending on the system and the input and 

output variables of the POD, it may be required a phase lead or a phase lag, or both actions in different frequency 

ranges. The component of the POD is described below. 

 

Fig. 3. POD controller. 

a. Washout Filter 

Time constant of washout filter is considered between 0 to 10 second. This washout filter smooths the signal, 

Transfer function for washout filter is given below in this work we used two washout filter. The washout filter 

controller is a BPF without the low frequency component and can eliminate the frequency and amplitude 

deviations of output voltage in theory. As explained in [10], the control mechanism of the washout filter control- 
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where ωh is the cut-frequency of the high pass filter (HPF). By examining above Equations, it can be derived 

that the following equation should be satisfied. 

ωh < ωf and W(s) = 
  

    
              (4) 

b. Second Order Filter 

POD has a second order filter that can be used with different purposes. The typical use of POD designers is as 

a low pass filter, to ensure that just the electromechanical oscillations are considered by the POD. The general 

expression in terms of Laplace, of a second order low frequency filter is given below. 

F(s) =
        

        
; where   = 2πf (f = 50Hz)            (5) 

c. Lead Lag Compensator 

For determining the parameters of lead-lag compensators, it is necessary to calculate the angle that must be 

compensated between the input and the desired output of the POD, the compensation angle for each transfer 

function was chosen to compensate the phase shift to ideally attain the value of 180º (180º would correspond to 

left shift of the mode without impacting the frequency of the mode) [7]. The stabilizer compensation angle can 

be calculated from the formula: 

Φcompe = - 180 - arg (Rh)              (6) 

Where arg (Rh) is the residue angle value of -156.957º. Therefore, the compensation angle for the lead lag 

filter is. 

Φcompe = - 180 – (-156.957)  

Φcompe = 23.047 

The transfer function of lead lag filter, 

K(s) = 
        

       
               (7) 

Tlag = 
 

     
               (8) 

Tlead = αcTlag 

αc = 
            

            
               (9) 

Where m corresponds to the number of lead-lag compensators. 

The gain of POD is 10% of Kmax. Therefore, the gain value was set to 0.1 x 4610 = 461.The output of POD 

is given to the reference of SSSC. 
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III. RESULTS AND DISCUSSION 

There different results are used to discuss the performance and applicability of the system with the 50 Hz. 

operating frequency. The buses real/reactive powers, output active power and injected voltage are discussed.  

(a) Real Power of Buses B2, B3, B3 with General POD and Modified POD Control Methods 

 

Fig. 4 (a) Real power of buses B2, B3, B3 with General POD control Method 

 

(b) 

Fig. 4. (b) Reactive power of buses B2, B3, B3 with Modified POD control Method. 

In Fig. 4 (a) and (b) it is clear that the real power of buses is having transients for the duration of 2 m sec. and 

this transient repeat after 2 sec. and again repeat after 4 sec. for a short duration. This is less stable as compared 

to the proposed POD controller, it can be seen in the results. 

(b) Reactive Power of Buses B2, B3, B3 with General POD and Modified POD Control Methods 

 

Fig. 5. (a) Reactive power of buses B2, B3, B3 with General POD control Method 

 

Fig. 5. (b) Reactive power of buses B2, B3, B3 with Modified POD control Method. 

In figure 5 (a) and (b) it is clear that the reactive power of buses is having transients of very short duration of 

0.15 m sec. this is more stable as compared to the general POD control, in figure. After that the damping takes 

place and stable power is available in the line over the buses. 
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(c) Output Active Power with Modified POD 

Here in the results shown in figure 6 (a) and (b), we can see bus B2 real power with time of new proposed 

POD, transient for 2 sec at the time of starting only and then it is stable. 

 

Fig. 6. (a) Output active power with General POD. 

 

Fig. 6. (b) Output active power with Modified POD. 

(d) Injected and Reference Reactive Voltage with Modified General POD 

In figure 7 (a) and (b) injected and reference reactive voltage, bus 2 power of old and Proposed POD is 

shown. General POD has reactive voltage is shown in above figure here it has transient for 3 sec and repeat 

again and again it is stable at -0.07 pu also bus 2 has transient 3 sec repeat again and again it is stable at 760 

MW. 

 

Fig. 7. (a) Injected and reference quadrature voltage with General POD control method. 

 

Fig. 7. (b) Injected and reference reactive voltage with Modified POD control method. 

Proposed POD has reactive voltage is shown in above figure here it has no transient also bus 2 has transient 

3.5 sec it is stable at 560 MW. So we can say the new Blackwall POD is more stably as compare to old POD. 
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Table I. Comparison table of General POD and Proposed POD. 

Compare Previous POD Method Proposed Method (Modified POD Method) 

Buses real & reactive power. 
Transient for 2 m sec. repeat again and 

again for short duration. 
Transient for 0.15 m sec not repeat again and again. 

Injected and reference voltage. 
Transient for 0.2m sec. 0.3m sec. and 

0.35m sec. this are repeat again and again. 
There is no Transient. it is almost stable. 

IV. CONCLUSION AND FUTURE SCOPE 

The Simulation results approve that Voltage and Power Oscillation can be damped appropriately utilizing the 

proposed POD controlled Synchronous Static Series Compensator (SSSC). This study is planned to exhibit the 

viability of the proposed scheme in damping power system oscillations resulting from clearing system faults. 

The superiority of the proposed controller design approach has demonstrated under different disturbances in a 

two-machine power system using both local signals. This work can be a platform to develop effective system 

using optimization evolutionary techniques like: PSO, Fuzzy, Neural Network etc. 
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