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Abstract: Nowadays, power system is heavily loaded as the power demand is rapidly increasing. Therefore, the problem of power
transfer capability and voltage drop at the receiving end stations arise in AC power system. For sustaining this trend, the need is
to compensate reactive power to eliminate the problems of voltage drop. The Static Synchronous Series Compensator (SSSC) is a
FACTS device which performs to compensate the reactive power and improves the voltage profile of the power system. SSSC
injects compensating voltage into the power system that is in quadrature with the line current of the system. The SSSC injects this
compensating voltage into the system from Voltage Source Inverter (VSI) through a coupling transformer. This paper presents
modelling and performance analysis of SSSC to address the issues of reactive power compensation and voltage regulation of
transmission networks. The simulation has been executed using MATLAB software. In the proposed method, the SSSC injects
compensating voltage at bus no. 2 in a 4 bus system.

Index Terms- Static Synchronous Series Compensator (SSSC), Reactive Power Compensation, Voltage Profile
Improvement, Compensating Voltage, Circuit Breaker (CB).

l. INTRODUCTION

The Static Synchronous Series Compensator (SSSC) is a static device which provides faster operation than other static
switching devices. High Voltage Alternating Current (HVAC) transmission system requires devices to provide reactive power
compensation and voltage regulation to the system e.g. SSSC. The SSSC can control both the active and reactive power flow
control when a DC battery is used instead of a DC capacitor on the DC side of the three-phase voltage source inverter [1]. The
SSSC can operate in both the inductive and capacitive regions. The range for capacitive region is up to -1.0 p.u. and the range for
inductive region is up to +1.0 p.u. for the reactive power compensation [2]. The SSSC is a FACTS (Flexible Alternating Current
Transmission System) device that can perform either capacitive or inductive compensation as per the operators’ command and
system requirement. The capacitive compensation reduces the reactive power demand from the generation sources and supplies
the reactive power to the power system [3]. The inductive compensation increases the reactive power demand from the generation
sources and absorbs reactive power from the system. Thus reducing the voltage at various buses of the power system [4].

Whenever the reactive power compensation is required, the voltages at all the buses in the system get increased from
their previous values. Thus the voltage drop at these buses is significantly reduced. The voltage profile of the system is enhanced
by providing capacitive compensation. The SSSC not only provides reactive power compensation but also improves the system
stability. PI controller adjusts the control parameters of the power system [5]. The main objective of this paper is to obtain
reactive power compensation along with voltage profile improvement in the 4 bus power system.

Il1. PRINCIPLE OF SSSC

The SSSC acts as a synchronous voltage source instead of just a series capacitor insertion. It provides reactive power
compensation to the power system by injecting a three-phase AC compensating voltage which is at 90° with the line current. The
SSSC injects the compensating voltage in series with the system as shown in fig. 1 & 2 [6].
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Fig. 1. Basic two machine system for SSSC [2]
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Fig. 2. Phasor diagram of system including SSSC [2]

The compensating voltage leads or lags the line current as it operates in the inductive or capacitive region respectively.
The rating of SSSC is the product of the compensating voltage Vqand line current [7].

The power system has real and reactive power flow without SSSC which can be represented by following equations:

p— Vs*Vr*sing _ V**sind (1)
XL XL
o Vs*Vr*(1-cos3) _ V**(1-cosd) 2)
XL XL o

Xeft is the effective reactance of the system including the injected reactance in the transmission line. Injected reactance
Xq is negative for inductive compensation and Xq is positive for capacitive compensation [8].

The real and reactive power flow in the power system with SSSC has following equations:
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Where Vs=Vg=V (Assumed). §=8s-5r.

I11. CONTROL STRATEGY FOR SSSC

The voltage and current from bus 2 are given as input in the control system. The voltage input is provided to the three-
phase locked loop where the system frequency is matched with internal oscillator frequency and the phase difference is made zero
between both of them. This voltage and current are transformed from abc to dq0 [9].
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Fig. 3. Control strategy of SSSC

Actual real and reactive powers are obtained in dq0 using the following equations:
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P = Va*Ila+ Vq*Iq .. (5)
Q= Vqg*la+Va*Iq ..(6)

These actual active and reactive powers (Pact and Qact) are then compared with reference values Pres and Qs respectively
as shown in fig. 3. These errors are provided as input to Pl controller which eliminates the steady state error. Now, dqg0 to abc
transformation is executed which is given as input to the pulse width modulator (PWM). These PWM produces pulses which are
provided as gate signals to the Voltage Source Inverter (VSI). This VSI produces compensating voltage which is injected into the
system through a coupling transformer as shown in fig. 4 [10].
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Fig. 4. Simulated converter circuit of SSSC

IV. SIMULATION & RESULTS

Both generators 1 & 2 generate 13.8 kV. The power transformers TR1 and TR2 step up the voltages from 13.8 kV to 500
kV which is the line voltage. The transmission line length from bus B1 to bus B3 is (L1) =150 km. Bus B4 is 150 km away from
B3 i.e. (L3) =150 km. The transmission line length from bus B2 to bus B4 is (L2) =280 km and line length from bus B4 to
generator G2 is (L4) =50 km. The proposed simulation model of this power system with and without SSSC is shown in fig. 5 and
6. As shown from fig. 7, the voltage level is compensated from 438.4 kV (R.M.S.) to 446.89 kV (R.M.S.) at bus 2 by using SSSC
for reactive power compensation. Similarly, the voltage levels at other buses are increased. The voltage at the bus B4 near the
receiving end station is also increased from 405.1 kV to 410.12 kV. Figure 8 presents current at bus 2 in presence & absence of
SSSC respectively.

Circuit breaker (CB) is closed during starting time as shown in fig. 9. So SSSC is operating till time t=0.8 seconds. CB is
open from t=0.8 to t=1.0 sec. Therefore, SSSC is not operating during this period. Then at time t=1.0 sec, CB is closed again that
makes SSSC come into operation once again.
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Fig. 5. 4-bus system with SSSC
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Fig. 6. 4-bus system without SSSC
The specifications & system parameters of SSSC are shown in the table 1:

Table 1 System parameters & specifications

Specifications System parameters
Generator G1 13.8 kv
Generator G2 13.8 kv
Transformer TR1 2100 MVA, 13.8 kV/ 500 kV
Transformer TR2 1400 MVA, 13.8 kV/ 500 kV
Transmission line voltage 500 kV
Dynamic Load 1800 MW, 871.78 MVAR
Coupling transformer 70 MVA, 6.6 kV/ 48 kV
Line length L1= 150 km, L2=280 km, L3= 150 km,
L4=50 km

The results for system without SSSC are depicted in the table 2 below:

Table 2 Simulation results for system without SSSC

Bus no. Voltage Current Active power | Reactive power
(kV)- (Amp)- (MW) (MVAR)
R.M.S. R.M.S.
1 438.4 848.53 848 734
2 438.4 415.7 400 371
3 427 388.9 257 425
4 405.1 1195 1120 932

Table 3 provides injected compensating voltage V4 & reactive power injection into the power system. The SSSC injects
reactive power in the system through bus 2. Therefore, reactive power at bus 2 gets increased. Figure 9 represents active power at
bus 2. Figure 10 represents reactive power at bus 2.
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Fig. 7. Voltage at bus 2

CURRENTAT BUS 2

0.75 08 0.85 09 095 1 1.05 1.1 1.15
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Fig. 9. Active power at bus 2

The active power is maintained at 400 MW using the DC battery. The increase in VAR absorption from 371 MVAR to
400 MVAR at bus 2 reduces the demand of reactive power from the generation stations which reduce the reactive power at buses
1 & 4. The injected compensating voltage is 35.35 kV (R.M.S.). Therefore, the active power at buses 1 & 4 are significantly

increased as seen from table 3.

The power transfer from bus B4 is very high compared to other buses as it is closest to the dynamic load. The dynamic
load is 1800 MW, 871.78 MVAR. It is connected in parallel to line 2 and line 3 connected in parallel in the HVAC transmission

line.
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Fig. 10. Reactive power at bus 2
Table 3 Simulation results for system with SSSC
Bus no. Voltage Current Active power Reactive
(kV)- RM.S. | (Amp)- R.M.S. (MW) power
(MVAR)
1 446.89 848.53 920 680
2 446.89 410.12 400 400
3 431.33 397.4 251 450
4 410.12 1195 1160 910

V. CONCLUSION

The results justify that voltage regulation is obtained and there is improvement in voltage profile at all the buses. The

series compensation provided for voltages at buses 1, 2, 3 & 4 is attained as 13.78%, 13.78%, 5.93% & 5.29% respectively. Thus,
reactive power compensation and voltage regulation both are attained using SSSC in the power system. The SSSC controls the
power flow in the system effectively. The VAR absorption at buses 1 & 4 is reduced & real power transfer is increased.
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