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Abstract:In the power system network, the constant
increase in demand for active and reactive power has
restricted the possibility for network expansion which
many times cause serious problems. The power system
must be capable to keep acceptable voltage at all
nodes in the network in a normal operating situation
and during times of disturbance. Voltage instability is
a severe concern in the system due to an increasing
and unpredictable voltage drop. The research
provided in this paper deals with many facts about the
issue of voltage stability.

The major emphasis of this paper is to connect the
FACTS device (Static VAR Compensator) at the
system’s sensitive location to rectify the voltage
instability issue. The SVC enables the transmission
lines to be loaded near to their thermal limits, pushing
the power to travel through the optimal paths. The
SVSI is used to identify the optimal location of SVC.
IEEE 14 bus system is used as test system to check the
efficacy of proposed technique, Different cases (like
base, 5% increment in load, 5% decrement in load)
are considered here also. In each case voltage
deviation (VD) is calculated and found superior as
compared to other techniques. It has been observed
that SVSI give better location of SVC rather than
other indexes.

Keywords - Voltage Stability, Voltage Deviation, Static
var Compensator(SVC), Simplified Voltage Stability
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1. INTRODUCTION

The demand for electrical energy has very much
intense in the present scenario. Around 27% of
energy is wasted in India's distribution and
transmission. India is the top country on the list of
T&D losses [1]. That took the energy system to the
challenge of limitation of transmission and
distribution. Such drawbacks have an even greater
impact on efficient and safe energy supply in the
transmission and distribution network of electrical
power generally, Allowable voltage variance level
is much lower, but the voltage level is not managed
to the limit due to heavy load [2]. Wheneve there is
a change in load or fault, the system voltage level
changes. With the drop in voltage level, the reactive
power demand increase. If the reactive power
demand is not met, then it further decline in bus
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voltage resulting in the cascading effect on
neighbouring regions[3]. When the system is
working at its maximum capacity limits, Voltage
collapse may occur. Voltage stability index predicts
about the voltage collapse at weak bus[4]. As the
disturbance arises in the system due to any
abnormal condition of fault, it goes to transient
oscillations. These unwanted oscillations can
change the performance characteristic’'s of
applications. Henc this is required to control and is
done by the use of shunt FACTS device Static VAR
Compensator (SVC) designed with auxiliary
controllers. SVC will damp out the oscillations and
improves the overall system stability[5]. This paper
mainly deals on identifying the critical bus by
calculating the simplified voltage stability index
(SVSI) and voltage enhancement is justified on the
critical bus after installation of SVC.

In this paper SVC device is used to improve
voltage stability of the system. The optimal location
of SVC is determined by SVSI. The IEEE 14 bus
system is used as test system to check the efficiency
of proposed SVSI. Two different loading level
(+5% & —5%) is also considered in this paper.

2. PROBLEM FORMULATION

The voltage Instability has a very untoward effect
on the reliability of the power system. The aim of
this paper study is to eliminate the system's voltage
deviation (VD) problem. Voltage deviation is made
as small as possible to improve voltage at load bus.
Obijective function of VD minimization at load bus
is defined as

n
VD = min <Z|vn_vrem|>
1

where:

n = no. of load buses

V, = Voltage Magnitude of n" bus

Vefn = Reference Voltage of n™ bus, usually set to 1
p.u.

This improvement of voltage at load buses of the
power system is primary aim, which may be
achieve by the connection of SVC at optimal
location. SVC control system is modeled, tuned and

(1)
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optimally placed to analyze the behavior in both
steady and dynamic conditions of the system.

3. MATHEMATICAL MODELLING OF SVC:

The term SVC was used for the shunt linked
compensator, which is centered on a thyristor
without gate turn-off [14]. According to the IEEE
standard SVC is defined as a shunt connected static
VAR generator or an absorber whose output is
modified to exchange capacitive or inductive
current in order to maintain or regulate different
electrical power system parameters. In Figure 5,
PSCAD introduced the 14 bus test system to run
simulations for the SVC.

Appropriate SVC model is needed to explore the
impact of SVC on the power system. Here SVC is
observed as shunt connected variable susceptance
(Bsvc). That automatically transforms to gain
voltage balance. Algebraic equations are developed
with respect to sinusoidal voltage like as
Isy¢ = jBsycV

The fundamental
reactance Xqcg:

(2)
frequency TCR equivalent

X
Xren = /(5 Z sine) 3)
Where 6 = 2(n—a),6 is conduction angle and o is
firing angle. TCR equivalent reactance Xycr IS
firing angle(a) terms —
X},

X = —
TCR ™ 2(m — a) — sina

4)

m )

at o = 90°,X7cr = X, means TCR is in fully
conducting mode, while at o 180°, Xtcr =
means TCR is in blocking mode. Functional
reactance of SVC is the parallel combination of
Xtcr and Xc as.

XC_

Yo = X X 6
Ve x.[2(m — a) + sin28] — X, (6)
Qsvc
Xcl2(m — a) + sin2a] — X

Xc X,

As the reactive power demand at the bus varies,
the susceptance (Bsyc) varies between the limits.
however, Reactive power is proportional with the
bus voltage(Vk) square. As the voltage changes,
thus, the reactive power generated changes.

4. VOLTAGE STABILITY INDICES
In order to detect the loadability of the system,
stability indices are proposed. In a power system,
indices offer data on the position of voltage
instability. Such indices can either show a power
system's critical bus or the stability of each line
linked in an interconnected network between two
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buses or measure a system's voltage stability
margins.

4.1 Voltage Stability Index (VSI)

This method suggests an index based on the
power flow equation solution [16 ]. Assumptions
are made in this approach based on the design of
thevenin shown in figure 2.

g Sr=Pr+jQ
Ss=Ps+jQs =2/ =ErHar

G_‘VL—[ 1

Vs, ds Vr /5,
Figure 1: Power system presented by thevenin’s equivalent

The amplitude of the load bus voltage is equal to
the amplitude of the voltage drop in thevenin
impedance (Z) in the maximum power transfer state
[16]. These are the assumptions used in this
method: (a) The total of the actual voltage drop
values for each row is the distance to a generator
through the short distance from node to generator.
(b) If some generators have the same distance it is
okay to take any of them as closest. The VSI for a
bus n is defined as

VSI, = n 8
T ®)
where V, is voltage at the bus n and 8V, is an

guess-work of the voltage drop at impedance and

can be calculated as-
AV () = minav P ()

9

An iterative algorithm is often used to construct a
matrix to help identify the nearest bus generator
[15]. Drawbacks of this method are as: (1) Due to
large no iterations, it has high computational costs..
(2) Because of the limits of the generator, the tree
matrix must be determined for each topological
transition, which is difficult in the large power
system.

4.2 Simplified Voltage Stability Index (SVSI):
This method is based on the RED theory,

which informs us about the nearest generator to

load bus.

4.2.1 Relative Electrical Distance (RED):

If you look at a process where n is the total
number of 1,2 .. g buses. gis the number of
generator buses and g+1, .... ,n is the number of
load buses left (n-g). The addmittance matrix of for

a given system is:
Is] [Yss YSL] [Ys]
= 8
] = L wlll®
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Here:-[ls] = [ly,...lIgJt = injected currents of
generator buses, [I,] = [lg:1,...,In] = Injected Load
Bus Currents,

[Vs] = [Viu,....Vg] = complex generator bus
voltage, [V.] = [Vgs1,..,Va] = complex load bus
voltage and [Yss],[Ys ].[Yisl,[YLL] = The relevant
parts of the Y-Bus matrix network.

To represent the relationship between generator
bus and load bus voltages mathematically, we
should drive the F s matrix as shown in the
equation below.

v Zy  Fis[L
L=l vl (1D
Here:- [Fis] =Y '[Yusl, [Ysd = [Ysd[Yod™

FLs is a complex matrix, The columns correspond
to the number of the generators and the rows
correspond to the number of the load bus. This
matrix is the relationship between the voltage of the
load bus and the voltage of the source bus. Ideal
generation proportions are obtained from abs[F_s] 5.
matrix, also known as desired generation
proportions matrix[Ds].

[Ds] = abs[Fys] (12)

[Dys] tells about the location of load buses with
respect to generators, which is popularly known as
RED. The [RED] is obtained from [Ds] matrix as

[RED] =1— [DLS] (13)
where | is unity matrix of size LxS.

Figure 2: Flow-chart of SVSI

In Fig. 3 the proposed SVSI index is simply a
measurement-based VSI which requires data from
bus monitoring. Simply, the proposed technique
requires voltage phasers to find a region sensitive to
voltage instability in all the buses of the examined
power system.

As electrical distance is found with the [Ry], the
voltage drop (AVy) is:

nj—l

8, = |y =Ty = |7, - ) (14)
b—-1
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Where:Vy = Nearest generator voltage, V, =
Analyzed load voltage, AV, is a simplification of
the actual approach defined in [17]. Most of the
indices of voltage stability are somewhat inaccurate
due to the different approximation [18].

But to improve its reliability, SVSI relies on
other physical parameters (amplitude and voltage or
power phase). To enhance the voltage drop state of
any bus, correction factor (B) for the SVSI is
introduced as:

B =1—max(|V,| — [Vi])? (15)

The correction factor is aligned with the highest
voltage magnitude difference. Now the SVSI is
given as

SVSI;, = AV 16
ST (16)

The entire process become simple due to the
elimination of the computational activity, so it is
called the ' Simplified ' voltage stability index.

5 SIMULATION RESULTS AND
DISCUSSIONS

The IEEE 14 bus system was used as a test
system to monitor SVSI's proposed effectiveness.
The PSCAD software modeled the IEEE 14 bus
model. Here single line diagram of the IEEE 14 bus
test system consists of five synchronous machines,
including three synchronous condensors for reactive
power support in figure 5. There are 17
transmission lines and fourteen buses with eleven
loads. With a base of 100 MVA per unitizing, a
brief knowledge about the characteristics of each
source is given.

5.1 Base Case:
In base case simulation, we obtain the power flow
solution of system as table 1 and obtained results
are tabulated to calculate SVSI of each load Bus
under steady state condition.
Step-1: Determine the nearest generator of the load
bus by using RED concept. RLG matrix helps in
calculating the related electrical distance.
Step-2 Estimating the SVSI. According to the R ¢
Matrix, Bus 4 is nearest to the GEN 2. So the
voltage drop from GEN 2 to Bus x is calculated as:

AVZ = |V, = T
AV,2=1.001-0.9711
Correction factor is calculated by using of highest
difference of voltages as:
B =1=(Vul=IV:D?
B = 0.9914

According to the definition of SVSI, index for

load bus 4 is
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Here x =Bus 4. Similarly SVSI is calculated for
other load buses as shown in table 2.

Table 1: Voltage Profile under Normal Condition (in pu)

Bus No. Voltage(pu)
1 1
2 1.001
3 1
4 0.9711
5 0.9703
6 1.008
7 0.993
8 1.005
9 0.9881
10 0.9836
11 0.9919
12 0.9919
13 0.9864
14 0.9681
Table 2: SVSI of Load Buses
Load Bus SVSI
4 0.0309
5 0.0317
7 0.0121
9 0.0172
10 0.0249
11 0.0163
12 0.0163
13 0.0221
14 0.043
Table 3: Voltage profile After connecting SVC in Normal
condition
Bus
No. Without SVC | With SVC
1 1 1
2 1.001 1.002
3 1 1.001
4 0.9711 0.9736
5 0.9703 0.9722
6 1.008 1.012
7 0.993 0.9994
8 1.005 1.006
9 0.9881 0.9996
10 0.9836 0.9938
11 0.9919 0.9989
12 0.9919 0.9989
13 0.9864 0.9961
14 0.9681 0.9988

In table no.2 SVSI for all the load buses is
calculated is shown. The minimum SVSI value is
found at bus no 14 (0.043). Hence, the bus no 14
will be optimal location for SVC installation.

As we can see in table 3, the SVC voltage profile
is enhanced. Non-SVC voltage deviation is 0.1416.
Table-3 shows that after SVC installation the
voltage profile of each bus is improved. Upon
activation of SVC, the voltage deviation is also
reduced until 0.0477.
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5.2 CASE-I: With 5% increment in all load level

In this case, the load level of IEEE 14 bus system
has been increased by 5%. The table no. 5 exhibits
the results of voltage level of 14 bus system before
and after SVC allocation.

The voltage level decreases at all load buses after
the increase in load, but the voltage deviation
increases. Deviation in base case voltage profiles
was 0.1416, which increased to 0.1658. Up to
0.0642 voltage deviation is reduced after
connecting SVC at bus 14.

5.3 CASE-II: With 5% decrement in all load
level

Decrement in the load by 5% is done and a rise in
bus voltages is seen. After connecting SVC voltage
at load buses are improved.

Voltage level of all buses is increase with
condition of 5% decrease in load and voltage
deviation is decreased which is 0.1076. But it may
further be decreased by allocating the SVC at bus
14. After SVC allocation voltage deviation is again
decreased up to 0.0372.

Table 4: Improvement in Voltage in condition of 5% increment

in load
Bus No. | W.ithout SVC With SVC

1 1 1

2 1.001 1.001
3 0.999 0.9997
4 0.9696 0.9724
5 0.9691 0.9714
6 1.007 1.011
7 0.991 0.9982
8 1.004 1.006
9 0.9849 0.9979
10 0.9804 0.9919
11 0.9896 0.9974
12 0.99 0.9978
13 0.984 0.995
14 0.9642 0.9988

6. CONCLUSION AND FUTURE SCOPE

A new Index (SVSI) was introduced in this paper
to decide SVC's optimal position. The paper's goal
is to improve power system voltage stability under
normal and abnormal conditions by reducing
voltage deviation. IEEE 14 bus system was used as
a test system to verify the efficacy of the proposed
technique. Three different cases, i.e. base case,
5% load increase and 5% load decrease are
considered here. The voltage deviation of the IEEE
14 bus system is also calculated and compared to
other techniques after SVC installation. It was
observed that SVSI provides optimal SVC location
for IEEE 14 bus system (i.e. bus no. 14) compared
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to any other techniques. For all different cases the
SVC has work superior. The whole system has been
simulated in PSCAD software.

Table 6: Improvement in Voltage in condition of 5% Decrease

in load

Bus | Without
No. SvC With SVC
1 1 1
2 1.002 1.002
3 1.001 1.001
4 0.9725 0.9746
5 0.9714 0.9731
6 1.009 1.012
7 0.995 1.001
8 1.005 1.007
9 0.9912 1.001
10 0.9869 0.9958
11 0.9943 1
12 0.994 1
13 0.989 0.9975
14 0.9721 0.9988
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Figure 5: IEEE 14 Bus Simulation model in PSCAD Software
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