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ABSTRACT

The voltage stability is a major concern due to increase in load demand. Therefore proper planning and
operation is required. For stable operation of power network extensive voltage stability analysis is very
much essential. This necessity is largely due to the current trends towards system operation under
stressed condition, this is because of the increase in load demand. In this paper, a method has been
developed how, with the help of OLTC Transformer voltage stability can be improved and it is

tested on IEEE 14 bus system. Result shows the effectiveness of the method.
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1. INTRODUCTION

Voltage stabilization is concerned with the capability of a power system to sustain bearable voltages
under normal conditions at every buses in the system and later being subdued to a disturbance.

If voltage near loads are close or similar to the pre-disturbance values, then the power system is
considered to be operating at a condition of voltage stability. A power system is considered to have
come into a state of voltage instability while a disruption has produced an uncontrollable & progressive
decline in

voltage[1]. Due to environmental and economical constants the present transmission networks are
becoming more and more stressed. Voltage stability

issues normally arises in extremely stressed systems. Nowadays, there is an enormous increment for the
demand power hence a large interconnected power system concern to stressed conditions. This
circumstances can be controlled by transmission losses reduction or by incrementing the generation.
When there is a sudden increase in load, outside the permitted voltage stability limit, but the magnitude
of voltage should be kept inside the limit for actual functioning of the system. Hence, voltage stability
must be enhanced by controlling suitable reactive power reparation[3]. The regulation of reactive power
& voltage is a significant problem in power system operation. This is because of the topological
divergence between distribution and transmission systems difference have involved. This difference in
voltage stability can be controlled by different methods such as by synchronous phase modifiers, shunt
capacitors, shunt reactors, tap changing transformers, series capacitors, and static VAR systems (SVS).
In this paper, we have dealt with On-Load Tap Changing Transformer for stabilizing the voltage in the
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power system. Taps are provided with the transformer and by changing the number of turns voltage can
be changed. The presumed work is analysed using IEEE-14 bus test system.

2. ON LOAD TAP CHANGING TRANSFORMER

On-load Tap changing Transformer (OLTC) are used in such a way that the supply may not be
interrupted. The device is generally but not necessarily installed inside a transformer tank along with the
winding assembly and each time it is connected to high voltage. Such transformer are called tap
changing transformer. This transformer consist of two main load tap changer designs which are
reactance and resistance.

There are two conditions which are to be fulfilled in OLTC and they are:-

1) To avoid the damage contacts and arcing the circuit should not be damaged or broken

2) While balancing the taps no part of the winding should be short circuited. As the short circuited part
of the winding may be broken or damaged.
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Fig 1:-On Load Tap Changer

3. EFFECT OF OLTC ON Y-BUS MATRIX
Let, a two winding transformer is connected in a line between | bus and J bus having off nominal trans
ratio "a’ as shown in figure. At the sending and receiving end of the line regulating transformers are

provided.
The current Is, which is flowing from the secondary of the transformer to j bus can be written from the
figure. [2]
ls=a* (1)
Again, Is=yij*(Vs-V)) (2)
L yj Ui
a:1 Vsec = Vi/a
= E yij
r % 5 )

Fig 2:- A line accommodating regulating Transformer between two buses

From equation (1) & (2),
li= Yy (Vs—vj)

a
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Or, I :%.j(%i -Vj)

or, i=22Vi—av) 3)

a

The current Ij can be written as
1
Iy = (Vi = Vo™ yij = - yij (Vi = - Vj)
Oor i=-yi=* (Vi-aV)  ccoooorrnne (4)

The model of pi equivalent of the system is shown in figure. In this pi model the per unit transformer
admittances both series and shunt is taken into account, which are reciprocal of the transformer’s per
unit impedances. Here, the two winding transformer is connected in series with an ideal transformer
represented by its impedances. In this case, the shunt admittance of the line is neglected.[2]

In the figure of pi equivalent network of the system, applying KCL at i node and j node.
li=(Vi-V)) *Yij+Vi*yio ... 5)
i= (Vi-Vi)*Yi+ Vi*yop (6)

Where, new admittance of line, Yij=impedance of line, yi;+ series impedance of transformer
Vi=0and Vj=1is considering in the equations (5) & (3)

i=-Yy @)

|i=-% ................... (8)
Busi Vi v;-—B‘-lfj—-
= gg* L

|]|
I

Fig 3:- Pi Equivalent circuit for regulating transformer between two buses in a line

Comparing equations (7) & (8),

Yij = % ............... 9)
Again Vi=0 and Vj =1 is substitute in equation (5) and (3),
=yt Yii=yjo+yij (10)
i=yi (11)

From equations (10) and (11),

Yio =i ()

The value of yijis substitute from equations (9) and (5) and comparing with (3),
Y= @& (13)

a a
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The figure is represents the equivalent diagram, Where two-winding transformer is connected in series
with an ideal transformer represented by its impedances.
In this system, the elements of Y-Bus matrix can be written as

_yy yijd-a) _yij
Yii—T‘*'T—F .............. (14)
Yij :%+yij(a - 1)%=Yij ................ (15)
Yii:Yij:-%yij ............ (16)

Now, the above elements compared with Y-Bus matrix's elements of two bus system, the Y-bus matrix
is changed as because a transformer is include which as follows [2]:

1. Self-admittance of the sending end bus (or the nearest bus among the buses between which
transformer is included ) have to change by the term Vij/a? in lieu of yi;.

2. The self admittance of receiving end bus will remain same.[1].

3. The mutual admittance between buses which include the transformer to be changed by the term % in
lieu of —yi;.

4. REACTIVE POWER SENSITIVITY INDEX

The basic which is used in the Newton-Raphson Load Flow Analysis is as follows:

AP _[Dhidy ] o8
AQ ) J3§J4 AV

Here J is the Jacobian Matrix which is consist of J1, Jo, J3, J4. The reactive power sensitivity indicated by
the diagonal elements of Ja.

The diagonal and off-diagonal elements of Ja:
aQi _

W(0.119)

arviy -~ 2 SinOi = YI[VI[ - 3 j= sin(O1] - 81 + 8j) * [Yij|[Vi] TR )
% = -2*|Yij|Vi| sin(6ij — i + 5j) [J4]
............... 3)

From equation (2) i.e. the diagonal element of js,we can find the value of dQ/dV of each load bus, by
taking the inverse of this value we will get dV/dQ index i.e sensitivity of reactive power of any
particular bus.

Reactive power sensitivity index i.e. dV/dQ index can be used for finding the strongest and weakest bus.
When dV/dQ index is smallest the bus can be identified as strongest bus. On the other hand when dV/dQ
index is highest the bus can be indicated as weakest bus.

Benefits of Reactive Power Sensitivity Index:

i. Reactive Power Sensitivity Indicator improves the stability of voltage of the system.

ii. Reactive power seeks to minimize the congestion of power flow.

iii. It reduces the power losses.

iv. Reactive power is essential to move active power through the transmission line.
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5. RESULT AND SIMULATION

5.1.Determination of weakest bus in the system:-

The purpose of the simulation is to determine the voltage stability of multi-bus power system network.
The aim of the 1% part of this work is to find out the weakest bus of the network. For this purpose we
have to find out the values of dQ/dV from equation no. 18 of reactive power sensitivity index. After
inversing it we found reactive power sensitivity index (dVv/dQ)
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dv/dQ

mdv/dQ

1234567 891011121314
Bus no

Fig. 4: dV/dQ values of each system

5.2. Plotting of P-V curve for finding out the critical values of voltage and active power:-

In the 2" part of this work we have increased thev active power loading at the weakest-bus in steps
keeping the loading of other buses at their base values. For each active power loading we have noted
down. An bus voltage magnitude until the stability limit is reached. From this data we have plotted the
P-V curve for bus no. 14 which is shown in fig. 5.
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Fig. 5: P-V curve for critical values of voltage and active power

5.3. Improvement of voltage stability using OLTC:- For improving the voltage stability of the
network and OLTC transformer has been installed in the lines connected with the weakest bus once at a
time. In the system under study there are two lines connected with the weakest bus which are line no 17
which is connected between bus no 9 & 14 and line 20 which is connected between bus no 13 & 14.
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Case 1: OLTC installed in the line no. 17:-

In this case we have installed an OLTC with tap ratio 0.9 in the line no 17 that is the line connected with
the bus 9 & 14. Under this situation again active power loading has been increased in step from its base
value and each corresponding voltage magnitude has been noted for the plotting of the P-V curve.
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Fig 6: P-V curve for bus no 14 before & after connecting a new line form bus no 9-14

Fig. 6 shows a comparative study of the P-V curve of the weakest bus with and without OLTC. From
this comparative graph it is observed that before applying OLTC the critical value of active power
loading for the weakest bus was 0.777 p.u. and that of voltage magnitude is 0.61 p.u. and after applying
the OLTC it is observed that both the critical values of active power loading and bus voltage magnitude
has been increased to 0.847 p.u. and 0.694 p.u. respectively.

Case 2: OLTC installed in the line no 20:-

w—voltage2
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Fig 7: P-V curve for bus no 14 before & after connecting a new line from bus no 13-14

In this case the OLTC which was earlier installed in line no 17 has been removed and the same is
installed in line no 20. And same procedure is described in case 1 has been repeated to obtain the P-V
curve under this new condition which is shown in fig. 5 along with the P-V curve of the weakest bus
without OLTC. In this case also it is observed that the critical values of voltage magnitude and active
power loading has been increased due to the installation of OLTC which are Shown in table.
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Transformer Load Without With Transformer | % changein
connected changein Transformer
between bus no. (i.e.
Weakest
bus)

P [vaitcal| P [VCritical | P [ VCritical
Critical Critical Critical

BUS13-14 14 0.777 |0.6104 |0.790 |0.6637 |1.67% |8.73%

BUS9-14 14 0.777 | 0.6104 |0.847 |0.6947 |[9.00% |13.81%

From the above table it is observed that due to the installation of OLTC in line number 17 (case 1). The
percentage change in the critical values of active power loading and bus voltage magnitude is higher
compare to case 2.

6. CONCLUSION

On load Tap Changing Transformer has been used in this study for improvement of stability of voltage
in the power system network. In the starting of this work the weakest segment of the network has been
identified. After that on load tap changing transformer has been installed to study its effect on voltage
stability. It is found that when a tap changer is connected between the buses (9-14, 13-14) then critical
values for active power loading and voltage magnitude has been increased significantly. The result
obtained from the present study clearly indicates that the change of trans. ratio has significant impact on
voltage stability.

\l

. REFERENCES

Ashfaq Husain, “Electrical Power System”,5" Edition, CBS Publishers & Distributors Pvt. Ltd.

2. Kabir Chakraborty, Abhijit Chakraborty, “Soft computing Techniques in Voltage Security
Analysis” 1st edition, Springer Publisher New Delhi.

3. Tejaswini A.Gawande, Komal Kaur Khokhar, Tushar Sahare, Naveen VVerma,Naved Bakhtiyar, Altaf
Badar; “Study of Different methods of Voltage Stability Analysis” , International Journal of
Advanced Research in Electrical, Electronics and Instrumentation Engineering , vol-4, pp- 8670-
8677,year-November,2015.

4. HH. Coh, QS Chua, S.W. Lee, B.C Kok, K.T.K Teo: “Evaluation for Voltage stability indices in
Power system Using Artificial Neutral Network”, International Conference on Sustainable Design,
Engineering and construction, pp 1127-1136. Year-2015

5. Snehal Gohil, Vikas Verma; “ Influence of the Transformer Tap Changer Voltage Stability”,
International journal for Technological Research in Engineering, Vol- 3, pp-1905-1910, year- 9%
may,2016.

6. V.S.Vakula, Chetlapalli Sai Praveen, Niddan rames; “Automatic Control of On Load Tap hanging of

transformer for Enhancement of Voltage Stability”, International  Journal of Engineering

Development and Research, vol- 5,pp- 1095-1103,year- 2017.

=

IJFMR23033545 Volume 5, Issue 3, May-June 2023 7



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

7. Pyone Lai Swe, Wanna Swe and Kyaw Myo Lin; “Effects of tap changing Transformer and shunt
Capacitor on Voltage Stability Enhancement of transmission Networks”, World Academy of
Science, Engineering and Technology, vol-5, pp-268-271, year-2011.

IJFMR23033545 Volume 5, Issue 3, May-June 2023 8



https://www.ijfmr.com/

