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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 (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 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 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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INTRODUCTION iii, Design a SIMULINK model for SSVC.
The transmission power system blackout experience Iv. Design a rule base that will enhance the faulty
in Nigeria has crippled some business outfits that buses to attain voltage stability.
solely depend on power to run their daily businesses. v. Integrate the designed SIMULINK model for
One of the core things that causes this intermittent SSVC with the designed rule base.
power supply noticed in the country is when the per vi. Design a SIMULINK model for improving
unit volts of some faulty buses not falling within the voltage stability in Nigerian 330KV transmission
range of 0.95 through 1.05 that is meant for stability. network. Using intelligent solid state VAr
This power instability in the country has caused the compensator.
need to seek modern techniques of improving voltage
stability in Nigerian 330kv transmission network.The LITERATURE REVIEW
use of an intelligent solid state var compensator The security of a power system is referred to as the
(ssvc) would be applied as would be seen in this ability of the network to withstand disturbances
work. Increase in demand for electric power supply and return back to its normal stability state without
has made power system components to be stressed to breaking down [1]. The state of security of a power
their stability limits. It has negative effect on security systemcan be assessed by the transient stability of the
and control. system, this one of the key performance indices. [2]
And ithas to do with the ability of power system to
This paper is aimed at using an Intelligent Solid State remainstable or revert to desiredstate or equilibrium
Voltage Ampere reactive (VAr) compensator to when it experiences a voltage surge or system
improve Voltage Stability in Nigerian 330Kv disturbances [3]. ManyTechniques ofassessing the
Network unstable state of the power system is numerical
integration, direct method, probabilistic technique [2]
Demand on power system stability to avoid epileptic and the artificial intelligent methods such as Artificial
power supply in Nigeria has become an endemic Neural networks (ANN). [4]. The system critical
problem, therefore, the objective of this research Clearing Time is used to evaluate the transient

work was to Stability in  response  to different types of
i. Run load flow analysis from the characterized data disturbance such as external faults, synchronous
to locate faulty buses. generator loss of excitation resulting to loss of
ii. Design a conventional model for voltage stability generation and transmission line loss due to voltage
in Nigerian 330KV transmission network. surge [5]. CCT provides length of time duration a
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power system can be stable under system surge or
disturbancecondition [6]. The stability of a power
system islargely dependent on its steadyresponse to
the system disturbances. A higher value of CCT
shows areliable, robust and better security system [7].
The magnitude of security levelof the networkis 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

METHODOLOGY
Characterize Nigerian 330kv Transmission Network

The reviewed works had been on conventional
methods of improving power system stability, The
present work will seek to approach the problem from
a different way by using Intelligent Solid State VAr
compensator. controlling the Voltage Ampere
reactive (VAr), Grid integrity can be enhanced by
adopting a meansof improvingtransient stability to
avoid system collapse.[9].

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

Bus Bus P.U Ang Load Load Gen Gen Inject Inject Inject
No code Deg MW Mvar MW Mvar Min Max 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
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

basemva = 1000; accuracy = 0.0001; maxiter = 10;

% The impedances are expressed on a 1000 MVA base.
% characterized load flow.

%  Bus Bus |V| Ang ---Load---

disp(’)

---Gen--- Gen Muvar Injected

%  No. codep.u. Deg MW Mvar MW Mvar Min Max Mvar
busdata=[1 1 092 0 000 00 00 00 O O O

2 0092 0 000 00 0000 O OO
3 010 0 15001200 00 0O O O O
4 010 0 00 0O 0000 O O O
5 010 0 1200 600 00 00 O O O
6 0 094 0 140.0 90.0 00 00 0O 0 O
7 010 0 00 00 00 00 O O O
8 0 10 0 1100 900 00 00 0O 0 O
9 010 0O 800 500 00 00 0 O O
10 2 1.0250 0.0 0.0 2000 00 O 180 O
11 2 105 0 00 0.0 160.0 0.0 0 120 O];
% Bus Bus R X 1/2B
% No. No. p.u. p.u.  p.u
linedata=[1 2 0.00 0.06 0.0000 1
2 3 008 030 0.0004 1
2 6 012 045 0.0005 1
3 4 010 040 0.0005 1
3 6 004 040 0.0005 1
4 6 015 060 0.0008 1
4 9 018 0.70 0.0009 1
4 10 0.00 0.08 0.0000 1
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0.05 043 0.0003 1

8 0.06 048 0.0000 1
8 006 035 0.0004 1

0.00 0.10 0.0000 1

9 0.052 0.48 0.0000 1J;

% Forms the bus admittance matrix, Ifnewton

5 7
6
7
7 11
8
% Gen. Ra Xd'
gendata=[1 0 0.20
10 0 0.15
11 0 0.25];
Ifybus
busout

% Prints the power flow solution on the screen
Zbus=zbuildpi(linedata, gendata, yload)%Forms Zbus including the load

symfault(linedata, Zbus, V)

% 3-phase fault including load current

% Power flow solution by Newton-Raphson method

Table 2: power flow solution using Newton-Raphson method load flow of 330KV transmission network

Powsr Flow Solution by Newton—PRaphson Method
8.02Z52%&=—008

Maximum FPower HMismatch
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In Table 2 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

To design a conventional model for voltage stability in Nigerian 330KV transmission network
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Fig 1 designed conventional model for voltage stability in Nigerian 330KV transmission network.
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Figl shows designed conventional model for voltage stability in Nigerian 330KV transmission network.
The result obtained are as shown in fig 6 and 7

To design SIMULINK model for SSVC
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Fig2 designed SIMULINK model for SSVC

To design a rule base that will enhance the faulty buses to attain voltage stability
B Rule Editor RULEBASE33 = | B 2

File Edit View Options

1. If (VOLTAGE is NOTWITHING 95THROUGH1 .05P STABILIZE) and (POWERFACTOR is LOWINCREASE) then (RESULT is BAD) (1)
2. If (VOLTAGE is NORMAL} and (PCWERFACTOR is HIGHMAINTAIN) then (RESULT is GOOD) (1)

Fig 3 desigrEd rule base that will enhance the faulty buses to attain voltage stab-ility
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To integrate the designed SIMULINK model for SSVC to designed rule base
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Fig 4 shows integrated designed SIMULINK model for SSVC to designed rule base.

Display

To design a SIMULINK model for improving voltage stability in Nigerian 330KV transmission network using

intelligent solid state var compensator

Fig 5designed SIMULINK model for improving voltage stability in Nigerian 330KV transmission network
using intelligent solid state var compensator.
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Fig 5 shows designed SIMULINK model for
improving voltage stability in Nigerian 330KV
transmission network using intelligent solid state var
compensator. The result obtained after simulation are
as shown in figures 6 and 7.

RESULTS AND DISCUSSION

The results obtained from running a load flow
analysis from the characterized Transmission line
N330Kv Network using Newton—Raphson method
was displayed on Table 2,where the faulty buses
arel,2,3,5,6,8,and 9 with per unit Volts of
0.920,0.921,0.9120.944,0.912,0.926, and 0.922.

The second Objective was the designing of a
conventional model for voltage stability in Nigerian
330kV transmission network.The results obtained
were shown in figure 6 and 7 respectively. The
results obtained were shown in figures 6 and
Trespectively. In figure 7 of bus 1 the conventional
per unit Volts 0.92Volts whichdid not reach the range
of voltage stabilityof 0.95 through 1.05 P.U.Volt.On
the other hand, when intelligent Solid State VAr
compensator(SSVC) is incorporatedin the system, the
per unit Volts becomes 0.9779P.U.Volts,thereby
attaining voltage stability that enhances power

supply.

The third objective was the designing of SIMULINK
model for SSVC which was achieved as shown in
figure 2. Fig 3 shows designed rule base that will
enhance the faulty buses to attain voltage stability.
The rules are three in number.The completed model
has to integrate the following components for a
successful simulation: Voltage control Unit and
gating control signal. The completed system must
contain three basic elements, phaseA, Phase B and
phase A to serve as input to the control circuit.The
fought Objective was the designing of a rule base and
are three in number to accomplish the task. The fifth
objective which was to integrate the designed
SIMULINK model for SSVC to designed rule base
was achieved. Fig 5 shows designed SIMULINK
model for improving voltage stability in Nigerian
330kV transmission line network using Intelligent
Solid StateVAr compensator. The results obtained
after simulation are shown in figures 6 and 7.Table
three shows the comparison between conventional
and intelligent Solid State VVar Compensator (SSVC)
in bus 1 of improving Voltage Stability in the
Network.

Table 4 compares the conventional and Intelligent
Solid State VAr compensator in bus 9 of improving
voltage stability in Nigerian 330kV transmission
Network.
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Table 3 comparing conventional and intelligent solid
state var compensator (ssvc) in busl of improving
voltage stability in Nigerian 330kv transmission

network

Time | Conventional voltage intelligent solid state

(s) in busl of improving var compensator
voltage stability in (ssvc) in busl of
Nigerian 330kv improving voltage
transmission stability in Nigerian
network(P.U.VOLTS) | 330kv transmission

network(P.U.VOLTYS)

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

'I'Canvemwmaﬂ otage n s ofimpoing olage ety n Niggrin 330 ansmision etvorPUVOLTS
"‘ elgent ol st v compensatr (e} in bus.ofimproing okage sy i Nigrian 330Ky tansmissio reorkP.UVOLTS)

L

i
I
l

01
J 1 1 3 4 5 § 1 § §

Tiefs)

Fig 6 comparing conventional and intelligent solid
state VAR compensator (SSVC) in busl of
improving voltage stability in Nigerian 330kv
transmission network

Fig 7 shows comparing conventional and intelligent
solid state VAR compensator (SSVC) in busl of
improving voltage stability in Nigerian 330kv
transmission network. In fig 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.
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Table 4 comparing conventional and intelligent solid
state var compensator (ssvc) in bus9 of improving
voltage stability in Nigerian 330kv transmission

network

Tim | Conventional voltage | intelligent solid state

e (s) | in bus9 of var compensator
improving voltage (ssvc) in bus9 of
stability in Nigerian improving voltage
330kv transmission stability in Nigerian
network(P.U.VOLTS | 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

Fig 7 shows comparing conventional and intelligent
solid state var compensator (ssvc) in bus9 of
improving voltage stability in Nigerian 330kv
transmission network. In fig 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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Fig 7 shows comparing conventional and intelligent solid state var compensator (ssvc) in bus9 of improving
voltage stability in Nigerian 330kv transmission network

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 system
voltages surging at the sending and receiving end of
the transmission lines. This has been subdued by
improving voltage stability in Nigerian 330kv
transmission network using intelligent solid state VAr
compensator (SSVC). It is achieved in this by first
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
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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 fig 6 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
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incorporated in the system the per unit volts becomes
0.9779P.U.volts thereby attaining voltage stability
that enhances power supply. And In fig 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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