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This article focuses on the physical realization of SVC, TCSC, combined SVC and TCSC scale
down models, which have been realized in the laboratory, developed and tested and presented the
experimental results. These practical test results have been proven the effectiveness of these
devices with closed loop control systems developed with microcontrollers. The voltage stability
can be assessed accurately using stability indices. These indices can either reveal the critical bus
or line of a power system. The said indices plays vital role in identifying the most critical n-1
and n-2 contingencies. This article further focuses on optimization of these devices in IEEE 9
bus, 14 bus and 30 bus test systems wusing stability indices and Particle Swarm Optimization
(PSO). The simulation results for all these systems have been presented and which proves the
tremendous improvement in voltage stability of power systems.
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1. Introduction

In modern power systems stability and secured operation is a vital concern for power
engineer [1-2]. The may be instability of load or generator and hence load as well generator
stability is most concern issues of a secured system [3]. System performance and security
can be improved with FACTS devices hence this article focused on physical
implementation includes of scale down models viz. development of scale down models of
SVC, TCSC and combined SVC and TCSC along with the test systems[4-7]. Contingency
ranking based on voltage stability indices Load flow is performed to obtain the contingency
ranking, for severe most outage the optimal locations for series and shunt compensations
have been identified and by placing at those locations the system performance have been
evaluated [8-12].

2. Implementation of scale down models of SVC

Laboratory based implementation of Thyristor Controlled Reactor(TCR),The fundamental
current through the TCR, which may not the sinusoidal, the test result is given in the fig.1
and is specified below as a mathematical expression as mentioned below from equation (1)
to equation (5).

Brcg = B ((n-20-sina)/m) ()

Icg = V¥ Breg (2)
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The current through the SVCis Iy =] Bgyc 3)
The susuptance of SVC is Bgye = Brge- Brer 4)
Q injected by the SVC is Qsvc = Vlgyc (5)

2.1  Physical Implementation of 1-ph SVC

SVC schematic circuit is shown in fig.1, it is a parallel combination of FC and TCR. TCR
delay angle can be controlled from 0-90° or 90°to 180°, thus the reactive power of TCR
can be controlled [12-15]. The physical implementation of SVC has been done using
LPC2148 microcontroller connected to a synchronous machine of SKV Arating, which is
feeding the load. The voltage is decayed to 195 voltage sag against the variation of load

.Closed loop control of SVC is achieved with LPC 2148 Microcontroller.
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Fig.1. SVC schematic circuit

The voltage characteristics against load variation have been obtained. The one line diagram
of developed model has shown in fig.2, corresponding connection circuit is depicted in
fig.3 and fig.4 illustrates SVC’s control circuit developed by LPC2148 Microcontroller [10-
15]
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Fig.2. Synchronous Machine with SVC
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Fig.3. Physical Implementation of SVC in the laboratory.
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Fig.4. SVC’s LPC2148 Microcontroller based control circuit

The testing results have been described in the following tables and figures; table.1
depicts results without SVC and table.2 depicts results with SVC. Fig.5. shows the load
voltages against power and fig.6. Power angle curves with power. All these results showing
the effectiveness of SVC on system performance, improvement in the terminal voltage and
load stability and voltage regulation shown in voltage bar plot. The generator steady state

stability and power injection by the generator have been improved to considerable extent
[8] to [16].

Table.1. Terminal voltage and power angle without SVC

S. No V Volts Linelin A P Watts d in degree
1. 230 34 320 11.61
2. 225 3.8 360 13.38
3. 220 4.2 480 18.37
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4. 205 4.8 560 23.19
5. 195 5.2 630 27.69
6. 190 6.0 700 31.91
Table.2. Terminal voltage and power angle with SVC
S.No V Volts Linelin A P Watts d in degree
1 235 3.0 280 9.93
2 232 3.2 300 10.78
3. 230 3.6 440 16.05
4. 230 4.2 500 18.3
5 230 4.8 580 21.34
6 225 5.2 650 25.79
235 ——Load
= 230 ‘ i—a—a—a—u Viotage (V)
o 222 without SVC
& 220
© 215 ——Lload
= 210 Viotage (V)
2 205 with SVC
£ 200
= 195
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Fig.5. P-V Curves of test system
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Fig.6. P-6 Curves of test system

3. IEEE 14 bus test model

Fig 7. shows the single line diagram of IEEE 14-bus system. The test system is
simulated with MATLAB Programming using Newton-Raphson method of load flow
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study. By using line stability indices viz. FVSI & L,,, indices, n-1 contingency ranking
table is drawn.

Fig.7. Single line diagram of IEEE 14 bus system

PSO method is used for optimization of shunt compensation. Fig.7 shows the IEEE 14
Bus system and fig 8 shows the PSO Optimization Flowchart.

3.1. Particle swarm optimization

Particle swarm optimization (PSO) is an Artificial intelligence technique,
Optimizes a problem iteratively by searching the search space for the optimal solution.
Each element in the search space considered as particle (candidate solution), and in each
iteration local best updated by comparing to the desired solution and moving these particles
in the search space by the mathematical formula for position and velocity of the particle.
Each particle best position successively updated in global best in each search. This swarm
is expected to move toward the best solution and Fig.8. Illustrates the PSO Optimization
Flow chart.

3.2 Algorithm

PSO implementation requires the search space containing particles as the candidate
solutions and these particles updated in each iteration to find the desired solution.
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Fig.8. PSO Optimization Flowchart

Find search space (particles k=1 ... n)

forevery candidate(particle)k= 1, ...,n do

Initialize the each candidate position with random value from the random vector: xk ~
U(blm bup)

Initialize the each candidate best known position to its initial position: pk « xk
iff(pk) <f(g) then

update the search space best updated position: g «— pk

Initialize the candidate velocity: Vi ~ U(-Ibyp-byol, Ibyp-biol)
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While desired solution is not yet met do:

for each candidate k=1, ...,n do

for each dimension d=1, ...,n do

Pick random numbers: rp, rg ~ U(0,1)

Update the candidate velocity: vk,d < o vk,d + oprp (pk,d-xk,d) + ogrg (gd-xk,d)
Update the candidate position: xk «— xk + vk

If f (xk) <f (pk) then

Update the candidate best known position: pk «— xk

iff(pi) <f(g) then

Update the search space best known position: g < pk

Each iteration updates the velocity of the particle which here considered as the Reactive
power at each vulnerable buses in the system and velocity of each particle is updated
depending upon the objective function defined above. P is the local best in each iteration
and by assigning p values solution is found. In each iteration best possible solution is
assigned to the g which is the global best and final optimal solution will be the f(g). Fig.9.
illustrates the Voltage Bar graphs of IEEE-14 Bus test system (series, shunt&
Coordination) and Fig.10 illustrates the FVSI Bar graphs of IEEE-14 Bus test system

(series, shunt & Coordination)
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Fig.9. Voltage Bar graphs of IEEE-14 Bus test system (series, shunt& Coordination)
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Fig.10. FVSI Bar graphs of IEEE-14 Bus test system (series, shunt & Coordination)

4. IEEE 30-Bus Test System
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Fig.11. Shows the single Line Diagram of IEEE 30 Bus Test System, Fig 12. Illustrates
the V-L-index and VCPI Bar graphs (Base Case), Fig 13 shows the V-L-index and VCPI
Bar graphs (Critical Contingency), Fig 14. Illustrates the Voltages for Contingency, Series,
Shunt and Co-ordination Controls, Fig 15 illustrates the L-index for Contingency, Series,
Shunt and Co-ordination Controls and Fig 16 depicts the FVSI for Contingency, Series,
Shunt and Co-ordination Controls
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Fig.11. Single Line Diagram of IEEE 30 Bus Test System
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Fig 12. V-L-index and VCPI Bar graphs (Base Case)
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V-Lindex-VCPI Bar Graphs
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Fig 13. V-L-index and VCPI Bar graphs (Critical Contingency)
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Fig 14. Voltages for Contingency, Series, Shunt and Co-ordination Controls
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Fig 15. L-index for Contingency, Series, Shunt and Co-ordination Controls
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Fig 16. FVSI for Contingency, Series, Shunt and Co-ordination Controls

5. Conclusion

The test results of the small scale laboratory based physical working models of single
phase SVC, three phase SVC, TCSC, Combined TCSC and SVC have shows that all of
these controllers have significant improvement in system performance. Among these
controllers, TCSC has plays a dominant role power flow control where as SVC has
significant role in voltage control and lastly the combined TCSC and SVC compensator
has both of these dominant features and hence it is suggested that combined or
coordinated control of series and shunt compensators are more advantageous than
individual controllers. The final result shows the effectiveness of FVSI and Particle Swarm
Optimization methods on voltage stability improvement of interconnected power systems.
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