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Abstract: The low performance of power supply in the transmission network is as a result of voltage instability, this is
overcome by improving voltage stability in Nigerian 330kv transmission network using intelligent solid state var compensator
(SSVCQ). It is achieved in this procedure by running the load flow from the characterized data thereby locating the faulty buses
that their per unit volts do not fall within the ranges of 0.95 through 1.05, designing a conventional model for voltage stability
in Nigerian 330KV transmission network, designing SIMULINK model for SSVC, designing a rule base that will enhance the
faulty buses to attain voltage stability. Integrating the designed SIMULINK model for SSVC to designed rule base and
designing a SIMULINK model for improving voltage stability in Nigerian 330KV transmission network using intelligent solid
state var compensator. The results obtained were as follows: In bus1 the conventional per unit volts is 0.92P.U.volts which did
not reach the range of voltage stability of 0.95 through 1.05 P.U.volts. On the other hand, when intelligent solid state var
compensator (ssvc) is incorporated in the system the per unit volts becomes 0.9779P.U.volts thereby attaining voltage stability
that enhances power supply. In bus 9 the conventional per unit volts is 0.922P.U.volts which did not attain the voltage stability
range of 0.95 through 1.05 P.U.volts. On the other hand, when intelligent solid state var compensator (ssvc) is incorporated in
the system the per unit volts becomes 0.9801P.U.volts thereby attaining voltage stability that enhances power supply.
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. limits. It has negative effect on security and control.
1. Introduction g y

2. Extent of Past Work

The analysis of the dynamic behavior of power systems for
the transient stability give information about the ability of
power system to sustain synchronism during and after the
disturbances [1]. A power system is secured when it has the
ability to withstand disturbances and return back to its
normal stability state without breaking down. The state of
security of a power system can be assessed by the transient
stability of the system, this one of the key performance
indices. In power system the small signal disturbance occurs
due to changes in load and bulk transfer of power which
causes generator rotor swings in presence of high gain AVR

The transmission power system blackout experience in
Nigeria has crippled some business outfits that solely depend
on power to run their daily businesses. One of the core things
that causes this intermittent power supply noticed in the
country is when the per unit volts of some faulty buses not
falling within the range of 0.95 through 1.05 that is meant for
stability. This power instability in the country has caused the
need to seek modern techniques of improving voltage
stability in Nigerian 330kv transmission network. The use of
an intelligent solid state var compensator (ssvc) would be
applied as would be seen in this work.

Increase in demand for electric power supply has made
power system components to be stressed to their stability
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[2].

This has to do with the ability of power system to remain
stable or revert to desired state or equilibrium when it
experiences a voltage surge or system disturbances [3]. Many
Techniques of assessing the unstable state of the power
system is numerical integration, direct method, probabilistic
technique [2] and the artificial intelligent methods such as
Artificial Neural networks (ANN). [4]. The system critical
Clearing Time is used to evaluate the transient Stability in
response to different types of disturbance such as external
faults, synchronous generator loss of excitation resulting to
loss of generation and transmission line loss due to voltage
surge [5]. CCT provides length of time duration a power
system can be stable under system surge or disturbance
condition [6]. The stability of a power system is largely
dependent on its steady response to the system disturbances.
A higher value of CCT shows a reliable, robust and better
security system [7]. The magnitude of security level of the
network is a factor in determining the level of integrity of a
power system (this involves transmission capability limit and
how flexible the power system becomes.) [8]. The
synchronizing power coefficient of the Power system
elements tied to the infinite bus bar can be improved by
adequately controlling the Voltage Ampere reactive (VAr)
components power triangle. Hence, Grid integrity can be
enhanced by adopting a means of improving transient
stability to avoid system collapse. [9].

Power system components in the transmission substation
have been subjected to overloading over the years. The lack
of proper maintenance planning has identified the cause of
most of the system failures occurring in the national grid.
Adequate maintenance planning can yield effective means of
improving the transient stability without the need for
constructing new transmission lines [10]. Many FACTS
devices have been suggested for improving the power system
operation and maintenance as proposed in the study [11]: The
Static Var Compensator (SVC), Controllable Series
Compensator (CSC), Phase Shifter (PS), Series Capacitors
(SC), Thyristor Controlled Series Capacitors (TCSC),
Unified Power Flow Controller (UPFC), Convertible Series
Compensator (CSC), Inter-phase Power Flow Controller
(IPFC), Static Synchronous Series Controller (SSSC),
STATCOM etc. Out of all these FACTS devices, SVC
seemed to be more effective for transient stability
improvement when properly sized [12] and is now commonly
used as an integral part of electrical power components. This
paper will utilize intelligent Solid State Voltage Ampere
reactive (VAr) Compensator (SSVC) to achieve a better
result as could be seen at the end of the study. It is one of the
modern key devices that will respond instantaneously to

system changes and are fabricated manufactured from solid
semiconductor devices [13]. SSVCs are usually shunt
connected and are normally installed at the midpoint of the
transmission line connected to a coupling or matching
transformer [14]. It can improve voltage stability at the
receiving end with better voltage regulation unlike the
conventional methods of improving transient stability. It will
eventually achieve the function of controlling its reactive
power output [15]. Nigerian National grid has technical
challenges due to Government protocols and foreign
exchange for ordering spare parts, poor maintenance culture,
and long, radial, weak and aging transmission network;
Maintenance of any electrical equipment can be divided into
two types namely: unscheduled maintenance and scheduled
maintenance [16]. Different studies had been performed on
Nigerian 330kV transmission network by various researchers
with a view to improve the network: Recently a researcher
studied and wrote on the technical losses associated with
330kV transmission line losses, The problem of
inconsistence power supply has become the order of the day
in our country Nigeria. The reasons for this is as a result of
power losses in transmission network, distortion, harmonic,
short circuit, burning of feeder pillars to mention a few [17].

3. Methodology

3.1. Characterization of Nigerian 330kv Transmission
Network

Methodology used to improve the voltage stability of
Nigeria 330Kk Transmission network using Intelligent Solid
State VAr Compensator is outline in the following order;
from step 1 to step 5. The collection and tabulation of data as
shown in Table 1 is the important step used to commence the
study. The collection of data from the control room electrical
operators monitoring the power system parameters, was by
personal interview. The control room Operation engineers
were interviewed and the reason for the work was explained
in order to get access to their classified data. The second step
was the characterization of the network under study; load
flow analysis was performed in order to locate the faulty
buses whose per unit values did not fall within the range of
0.95 through 1.05. The third step is to design a conventional
model for voltage stability in Nigerian 330kV Transmission
network. The fourth Step is the designing of a ‘Rule base that
makes these faulty buses to attain stability. The fifth and last
stage is to integrate the designed rule to the conventional
Simulink model for improving Voltage stability of the 330Kv
Transmission network.

Table 1. 330kV Parameters for evaluating Nigerian Transmission line, Southern Nigeria, Port Harcourt —Aba.

Bus No Buscode P.U Ang Deg  Load MW  Load Mvar Gen MW Gen Mvar  Inject Min Inject Max  Inject Mvar
1 1 0.92 0 00.0 0.0 0.0 0.0 0 0 0
2 0 0.92 0 00.0 0.0 0.0 0.0 0 0 0
3 0 1.0 0 150.0 120 0.0 0.0 0 0 0
4 0 1.0 0 0.0 0.0 0.0 0.0 0 0 0
5 0 1.0 0 120.0 60 0.0 0.0 0 0 0
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Bus No  Buscode P.U AngDeg Load MW  Load Mvar Gen MW Gen Mvar  Inject Min Inject Max  Inject Mvar
6 0 0.94 0 140.0 90 0.0 0.0 0 0 0
7 0 1.0 0 0.0 0.0 0.0 0.0 0 0 0
8 0 1.0 0 110.0 90.0 0.0 0.0 0 0 0
9 0 1.0 0 80.0 50.0 0.0 0.0 0 0 0
10 2 1.025 0 0.0 0.0 200 0.0 0 180 0
11 2 1.05 0 0.0 0.0 160 0.0 0 120 0

To run the load flow from the characterized data thereby locating the faulty buses that their per unit volts
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% Power flow solution by Newton-Raphson method
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Power Flow Solution by Newton-Raphson Method
Maximum Power Mismatch = 8.025%9%&=-008
No. of Iterations = 10

Bus Voltage Angle  -—-—-———- Load------ ---Generation--- Injected
No. Mag. Degree Mu Mvar Mu Mvar Mvar
1 0.920 0.000 0.000 0.000 252.34¢ -11.202 0.000
2 0.921 -1.024 0.000 0.000 0.000 0.000 0.000
3 0.912 -3.802 150.000 120.000 0.000 0.000 0.000
4 0.973 -3.308 0.000 0.000 0.000 0.000 0.000
5 0.©44 -9.8682 120.000 €0.000 0.000 0.000 0.000
é 0.912 -4.730 140.000 ©0.000 0.000 0.000 0.000
7 0.979 -£&.6865 0.000 0.000 0.000 0.000 0.000
8 0.92¢ -£.994 110.000 ©0.000 0.000 0.000 0.000
9 0.922 -£.732 80.000 50.000 0.000 0.000 0.000
10 0.995 -2.3¢1 0.000 0.000 200.000 27€.393 0.000
11 1.000 -5.728 0.000 0.000 1£0.000 215.82¢ 0.000
Total €00.000 410.000 €12 .34¢ 480.817 0.000

Figure 1. Load flow of 330KV transmission network.

In figure 1 the seven faulty buses are buses, 1, 2, 3, 5, 6, 8 and 9 with per unit volts of 0.920, 0.921, 0.912, 0.944, 0.912,
0.926 and 0.922

3.2. To Design a Conventional Model for Voltage Stability in Nigerian 330KV Transmission Network
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Figure 2. Designed conventional model for voltage stability in Nigerian 330KV transmission network.
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3.3. To Design SIMULINK Model for SSVC
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Figure 3. Designed SIMULINK model for SSVC.
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3.4. To Design a Rule Base That Will Enhance the Faulty Buses to Attain Voltage Stability
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Figure 4. Designed rule base that will enhance the faulty buses to attain voltage stability.
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3.5. To Integrate the Designed SIMULINK Model for SSVC to Designed Rule Base
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Figure 5. Integrated designed SIMULINK model for SSVC to designed rule base.
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4. Results and Discussion

In figure 1 the seven faulty buses are 1, 2, 3,5, 6, 8 and 9
with per unit volts 0f 0.920, 0.921, 0.912, 0.944, 0.912, 0.926
and 0.922; the buses Outlined the Load flow of 330KV
transmission network. Figure 2 displays designed
conventional model for voltage stability in Nigerian 330KV
transmission network. Figure 3 is the designed SIMULINK
model for SSVC, Figure 4 shows designed rule base that will
enhance the faulty buses to attain voltage stability. The rules
are three in number; Figure 5 depicts integrated designed
SIMULINK model for SSVC to designed rule base. Figure 6
is the designed SIMULINK model for improving voltage
stability in Nigerian 330KV transmission network using
intelligent solid state VAr compensator. Table 2 compares
the conventional and intelligent solid state VAr compensator

(SSVC) in bus9 of improving voltage stability in Nigerian
330kv transmission network. The result obtained after
simulation are as shown in figures 7 and 8. Figure 7 shows
the comparison of conventional and intelligent solid state
VAr compensator (SSVC) in busl of improving voltage
stability in Nigerian 330kv transmission network. In figure 7
of busl the conventional per unit volts is 0.92P.U.volts which
did not reach the range of voltage stability of 0.95 through
1.05 P.U. volts. On the other hand, when intelligent solid
state VAr compensator (SSVC) is incorporated in the system
the per unit volts becomes 0.9779P.U.volts thereby attaining
voltage stability that enhances power supply. With these
results, it is cleared that there is voltage stability when
Intelligent Solid State Var Compensator is introduced into
the system.

Table 2. Comparison between conventional and intelligent solid state VAr compensator (SSVC) in busl of improving voltage stability in Nigerian 330kv

transmission network..

Conventional voltage in busl of improving voltage

intelligent solid state VAr compensator (SSVC) in busl of improving

Time (s) stability in Nigerian 330kv transmission network voltage stability in Nigerian 330kv transmission network
(P.U.VOLTS) (P.U.VOLTS)

0 0 0

1 0.58 0.6

2 0.8 0.85

3 0.87 0.92

4 0.92 0.9779

10 0.92 0.9779

power voltage stability (P.U.VOLTS)

Figure 7. Comparing conventional and intelligent solid state VAR compensator (SSVC) in busl of improving voltage stability in Nigerian 330kv transmission

network.

Table 3. Comparing conventional and intelligent solid state var compensator (ssvc) in bus9 of improving voltage stability in Nigerian 330kv transmission

network.
) ST e fm B af b g vt Sy intelligent s?l‘id s'tate‘var'compensator (ssv‘c) 'in bus9 of improving
Time (s) in Nigerian 330k transmission network (P.U.VOLTS) voltage stability in Nigerian 330kv transmission network
(P.U.VOLTS)
0 0 0
1 0.58 0.6
2 0.8 0.85
3 0.88 0.93
4 0.922 0.9801
10 0.922 0.9801
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power voltage stability (P.U.VOLTS)
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Figure 8. Comparing conventional and intelligent solid state var compensator (ssvc) in bus9 of improving voltage stability in Nigerian 330kv transmission

network.

Figure 8 shows comparing conventional and intelligent
solid state var compensator (ssvc) in bus9 of improving
voltage stability in Nigerian 330kv transmission network. In
figure 8 of bus 9 the conventional per unit volts is
0.922P.U.volts which did not reach the range of voltage
stability of 0.95 through 1.05 P.U. volts. On the other hand,
when intelligent solid state var compensator (ssvc) is
incorporated in the system the per unit volts becomes
0.9801P.U.volts thereby attaining voltage stability that
enhances power supply.

5. Conclusion

The instability in power system in the transmission
network has become a very big problem in our society. This
has occurred as a result of voltage instability. This is subdued
by improving voltage stability in Nigerian 330kv
transmission network using intelligent solid state VAr
compensator (SSVC). It is achieved in this procedure running
the load flow from the characterized data thereby locating the
faulty buses that their per unit volts do not fall within the
ranges of 0.95 through 1.05, designing a conventional model
for voltage stability in Nigerian 330KV transmission network,
designing SIMULINK model for SSVC, designing a rule
base that will enhance the faulty buses to attain voltage
stability. Integrating the designed SIMULINK model for
SSVC to designed rule base and designing a SIMULINK
model for improving voltage stability in Nigerian 330KV
transmission network using intelligent solid state VAr
compensator. The results obtained are. In figure 7 of busl the
conventional per unit volts is 0.92P.U.volts which did not
reach the range of voltage stability of 0.95 through 1.05
P.U.volts. On the other hand, when intelligent solid state VAr
compensator (SSVC) is incorporated in the system the per

unit volts becomes 0.9779P.U.volts thereby attaining voltage
stability that enhances power supply. And In figure 8 of bus 9
the conventional per unit volts is 0.922P.U.volts which did
not reach the range of voltage stability of 0.95 through 1.05
P.U.volts. On the other hand, when intelligent solid state VAr
compensator (SSVC) is incorporated in the system the per
unit volts becomes 0.9801P.U.volts thereby attaining voltage
stability that enhances power supply.
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